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Intensive solid state research, the

development of advanced manu-
facturing techniques and con-
tinued expansion has enabled Hewlett-

Packard to become a high volume supplier of

quality, competitively priced LED displays,

LED lamps, optocouplers, fiber optics, and
emitters/detectors.

In addition to our broad product line,

Hewlett-Packard also offers the following

1980 services: immediate delivery from
any of our authorized stocking dis-

tributors, applications support,
special QA testing, and a one year guarantee
on all of our optoelectronic products.

This package of products and services has
enabled Hewlett-Packard to become a
recognized leader in the optoelectronic
industry.
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Hewlett-Packard is one of

the world's leading de-

signers and manufactur-

ers of electronic, medical,

analytical and computing
instruments and systems,

diodes, transistors, and optoelectronic pro-

ducts. Since its founding in Palo Alto,

California, in 1939, HP has done its best to

offer only products that represent signifi-

cant technological advancements.

To maintain its leadership in instrument and

component technology, Hewlett-Packard

invests heavily in new product development.

Research and development expenditures

traditionally average about 10 percent of sales

revenue, and over 1.500 engineers and

A Brief

Sketch

scientists are assigned the

responsibilities of carrying^^
out the company's various^Bj

R and D projects.
^^

HP produces more than

4,000 products at 32 domestic divisions in

California, Colorado, Oregon, Idaho, Mas-
sachusetts, New Jersey and Pennsylvania and
at overseas plants located in the German
Federal Republic, Scotland, France, Japan,

Singapore. Malaysia and Brazil.

However, for the customer, Hewlett-Packard

is no further away than the nearest telephone.

Hewlett-Packard currently has sales and
service offices located around the world.



These field offices are staffed by trained

engineers, each of whom has the primary
responsibility of providing technical assis-

tance and data to customers. A vast
communications network has been estab-
lished to link each field office with the
factories and with corporate offices. No
matter what the product or the request, a
customer can be accommodated by a single

contact with the company.

Hewlett-Packard is guided by a set of written
objectives. One of these is "to provide
products and services of the greatest possible
value to our customers". Through application
of advanced technology, efficient manufac-
turing, and imaginative marketing, it is the
customer that the more than 43,000
Hewlett-Packard people strive to serve. Every
effort is made to anticipate the customer's
needs, to provide the customer with products
that will enable more efficient operation, to

l offer the kind of service and reliability that will

merit the customer's highest confidence, and
to provide all of this at a reasonable price.

To better serve its many customers' broad
spectrum of technological needs, Hewlett-
Packard publishes several catalogs. Among
these are:

• Electronic Instruments and Systems for

Measurement/Computation
(General Catalog)

• DC Power Supply Catalog

• Medical Instrumentation Catalog

• Analytical Instruments for Chemistry
Catalog

• Coax, and W/G Measurement Accessories
Catalog

• Diode and Transistor Catalog

All catalogs are available at no charge from
your local HP sales office.

Where Reputation and Quality Count

When quality represents a competitive edge,
or when the reputation and dependability of

your products is on the line, you can count on
Hewlett-Packard Optoelectronic compon-
ents for excellent product consistency.

The optoelectronic products available include

a complete line of GaAsP and GaP discrete
light emitting diodes (LED's), numeric, hexa-

decimal, and alphanumeric displays, opto-
couplers, fiber optics, and emitters/detectors.

For a general overview of the products
available, the next seven pages will include
highlights of the discrete product family
groups. There is complete technical data
included in this designer's catalog for each of

the Hewlett-Packard Optoelectronic pro-
ducts.
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As the growing trend

continues for micro-

processor systems

capable of high reso-

lution-mechanical to

electronic-interfaces,

Hewlett-Packard ad-

dresses a genuine
unfulfilled need with their new optical sensor.

This small, self-contained optical reflective

sensor combines a light source and detector

with focused optics in a single package.

Emitters/

Detectors

This unique compo-
nent can detect an

object as fine as a

human hair as well as

the precise edge of

large objects such as

paper or printed lines

and marks. It there-

fore becomes ideally suited in such applica-

tions as pattern recognition, optical limit

switching, tachometry, defect detection, and
bar code scanning.
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This optical sensor also coupled with a clean

• circuit design is packaged attractively in a
stylized digital bar code reading wand. The
wand is designed to read black and white bar

codes (it will also read most colors) on a fairly

flat surface. It consists of an electro-optical

emitter-detector module which produces an
analog signal, followed by a current to volt-

age converter and then an A to D converter.

The result is a computer-understandable dig-

ital electrical signal.

In addition to the complete emitter/detector

system described in both the optical scanner
and digital wand. Hewlett-Packard also offers

the designer the choice of discrete emitter

and detector components. High radiant in-

tensity emitters near infrared in both flood-

I

I
light and spotlight configurations are ideally

suited for use in optical transducers and
encoders, smoke detectors, and fiber optic

drivers,

Hewlett-Packard PIN photodiodes are ex-

cellent light detectors with an exceptionally

fast response of I ns, wide spectral response
from near infrared to ultra-violet, and wide
range linearity (constant efficiency over 6
decades of amplitude). With dark current as

low as 250pA at 10V, these detectors are

especially well-suited for operation at low
light levels. The device construction allows

high speed operation at reverse voltages of

5 volts. Some applications include fiber optic

receivers, laser scanners, range finders, and
medical diagnostic equipment. High reliabil-

ity test programs are also available.
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In 1978, Hewlett-Packard

introduced its first complete
fiber optic system. Fiber

optics is one of the most
exciting and fastest growing
technologies in data trans-

mission. With fiber optics,

pulses of light travel down
hair-thin fibers replacing electrical signals

transmitted over copper wire. The light

signals are impervious to electrical or

magnetic interference and therefore gener-

ate no electrical or magnetic noise. This

makes them ideal for linking computers or

control devices and their peripherals in

different environments such as those found in

factories, aircraft, hospitals and large power
plants.

A fiber optic system consists of a transmitter,

a receiver, and a length of cable encasing the

hair-thin glass or plastic fiber that carries

optical signals. Currently, Hewlett-Packard's

Fiber

Optics

fiber optic system is capable

of receiving signals from

distances up to 1000 metres.

The design of cost effective

fiber optic systems requires ^^
the understanding and^Bj

analysis of several complex^P
technologies — optical fibers, precision

connectors, LED/laser emitters, photodetec-
tors, circuit design, packaging, and optics.

Hewlett-Packard's approach to the design
of fiber optic hardware is systems oriented ,

drawing on the broad base of technologies

available within our computer, instrumenta-
tion, semiconductor components, and cor-

porate research and development activities.

State-of-the-art LED, photodetector. and
integrated circuit capability are at the heart of

HP's fiber optic systems. Beginning on page
26 of this catalog, you will find further details

on Hewlett-Packard's fiber optic systems.
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Hewlett-Packard's family

of optocouplers

provide economical,

high performance sol-

utions to problems
caused by ground loops and induced com-
mon mode noise for both analog and digital

applications in commercial, industrial, and
military products. Hewlett-Packard's original

approach toward integrated output detectors
provides performance not found in conven-
tional phototransistor output optocouplers.

With 3000 VDC isolation, the types of opto-
couplers available include high speed devices

capable of I0M bits and high gain devices

iy^

Optocouplers
which are specified

at 400% CTR at in-

put currents as low
as 0.5mA. In addi-

tion, highly linear

optocouplers are useful in analog applica-

tions and a Hewlett-Packard integrated in-

put optically coupled line receiver can be
connected directly to twisted pair wires

without additional circuitry. Most of these

devices are available in dual versions, as

well as in hermetic DIP packages. For mili-

tary users, Hewlett-Packard's established hi-

rel capability facilitates economical, hi-rel

purchases.
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Light Bar Modules are

Hewlett-Packard's answer to

the problem of how to effectively backlight

legends. The Light Bar's large, uniformly

illuminated surface provides a bright light

source available in either high efficiency red,

yellow, or green. The universal pinout

arrangement allows connecting in parallel,

series, or series/parallel configurations. Hew-
lett-Packard's LED Light Bar Modules are

available in four sizes in a variety of

arrangements including single, twin, and
quad. They are X-Y stackable, and flush

mounting is easy and convenient.

Besides the new Light Bar Modules, Hewlett-

Packard LED lamps are available in a wide

Lamps variety of plastic and hermetic
(

packages to satisfy almost

any application. Many styles can be mounted
on a front panel using clips and all are suitable

for P.C. board mounting. Hewlett-Packard

military screened hermetic lamps are very

popular in applications demanding high-

reliability.

Products with wide or narrow viewing angles,

and a range of brightnesses, are available in

red, high efficiency red. yellow and green.

Package styles include the traditional T-l-3/4,

T-l, and TO-18 packages, as well as our own
subminiature (stackable on 2.54mm (0.100

in.) centers), rectangular, and panel mount-
able hermetic packages.
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Hewlett-Packard has ex-

panded its selection of

both alphanumeric and
seven-segment numeric
displays to satisfy an even broader base of
applications.

Hewlett-Packard's completely supported
alphanumeric display systems allow freedom
from costly display maintenance, require very
low operating power, and minimize the
interaction normally required for alpha-
numeric displays. The display systems are TTL
compatible, require a single 5V supply, and
easily interface to a keyboard or micropro-
cessor. They are ideally suited for word
processing equipment, instrumentation, desk-

top calculators, and automatic banking
terminal applications.

Hewlett-Packard's yellow alphanumeric dis-

play is the answer to applications that require
small size and prohibit the use of red displays.

Both red and yellow alphanumeric displays
feature four 5x7 dot matrix characters and
on-board shift registers for data storage. They
are contained in 16-pin DIPs which are end-
stackable for unlimited possibilities in alpha-
numeric display formatting.

Available in four- and eight-character end-
stackable modules are Hewlett-Packard's 18-

segment solid state LED alphanumeric
displays. Magnification of the LED by an

Displays
integral lens results in

a character size of

3.8mm (0.15 in.) making
these displays ideal for use

in computer peripheral products, automotive
instrument panels, calculators, and electronic

instruments and systems requiring low power
consumption.

Low cost numeric displays, packaged single
or clustered, are available in character heights

from .II" to .8". Low power small character
displays have been designed for portable
instrumentation and calculator applications.

Other seven-segment display units are
available in red, yellow, and green colors
for use in instrumentation, point of sale
terminals, and TV indicator applications.
High power, sun-light viewable, large char-
acter displays are readily adapted to outdoor
terminals, gas pumps and agricultural instru-

mentation. For these displays, Hewlett-
Packard has successfully integrated a gray
package design with untinted segments. This

results in excellent bright ambient contrast
enhancement.

Integrated numeric and hexadecimal displays
(with on-board IC's), available in plastic and
hermetic packages, solve the designer's
decoding/driving problem. These displays
have been designed for low cost and ease of
application in a wide range of environments.

ix



Hewlett-Packard has

supplied specially

tested high reliability

optoelectronic pro-

ducts since 1968 for

use in state-of-the-art

commercial, military,

and aerospace appli-

cations. To meet the

requirements of high reliability, products

must be designed with rugged capabilities to

withstand severe levels of environmental

stress and exposure without failure. We have

accomplished this objective by designing a

unique family of hermetic products including

lamps, displays and optocouplers which have

proven their merits in numerous advanced
space and defense programs to the inter-

national market place. These products receive

reliability screening and qualification tests in

accordance with appropriate reliability pro-

grams similar to those of MIL-S-19500 and
MIL-M-38510 and are supplied as either

standard JAN or JANTX devices or as HP
standard light reliability units which meet our

in-house TXV or TXVB programs. Reliability

programs are also performed to individual

High
Reliability

customer control

drawings and specifi-

cations when needed.

Some of these special

testing programs are

very complex and
may include Class S

requirements for

microcircuits.

HP's optoelectronic epoxy encapsulated

products are designed for long life appli-

cations where non man rated or groundl

support requirements allow their use. As with

hermetic products, the capabilities of epoxy
parts can be enhanced by 100% screening and

conditioning tests. Lot capabilities can be
confirmed by acceptance qualification test

programs.

All testing is done by experienced Hewlett-

Packard employees using facilities which are

either approved, or pending approval, by
DESC for JAN products and by customer
inspection for special programs. Environ-

mental equipment capabilities and operating

methods of the test laboratory meet MIL-
STD-750 or MIL-STD-883 procedures.
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This Optoelectronics De-
signer's Catalog contains

detailed, up-to-date speci-

fications on our complete
optoelectronic product line.

It is divided into five major

product sections: Emitters/

Detectors, Fiber Optics.

Optocouplers. LED Lamps, and LED Displays. A
special section which includes all of the latest

^application notes in full-length version follows

the Displays product section. Hewlett-Packard

Sales and Service Offices are listed on pages
475-478 and the Hewlett-Packard Compo-
nents Franchised Distributors and Representa-

tives Directory can be found on pages 472-474.

How to Use This Catalog

Three methods are incorporated for locating

components:
• a Table of Contents with tabs that allow you
to locate components by their general
description

• a Numeric Index that lists all components by
part number and,

• a Selection Guide for each product group
giving a brief overview of the product line.

About This

Catalog

How to Order
All Hewlett-Packard

components may be or-

dered through any of the

Sales and Service Offices

listed on pages 475-478.

In addition, for imme-
diate delivery of Hewlett-

Packard optoelectronic components, contact

any of the world-wide stocking distributors

and representatives listed on pages 472-474.

Warranty
HP's Components are warranted against de-
fects in material and workmanship for a per-

iod of one year from the date of shipment.

HP will repair or, at its option, replace Com-
ponents that prove to be defective in mater-

ial or workmanship under proper use during

the warranty period. This warranty extends
only to HP customers.

No other warranties are expressed or im-

plied, including but not limited to, the implied

warranties or merchantability and fitness for

a particular purpose. HP is not liable for

consequential damages.
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• Emitter and Detector
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Emitter/Detector Systems

• Features • Advantages • Benefits

HEDS-1000 HIGH RESOLUTION OPTICAL REFLECTIVE SENSOR

Focused optics Gives higher resolution Less error

No precision alignment of

discrete components

Visible light source Can detect most colors Not limited to black & white

patterns and objects

Photo IC detector A. Faster response time A. Can detect more transitions

in less time

B. Speed, linearity, and
gain options available

B. Simplified interface

electronics

Standard TO-5 package Mounting hardware
readily available

Easy to mount and use

Sealed package Moisture resistant Reliable operation in indoor/
outdoor environments

Detector IC operates from
single ended 3.5V to 20V
power supply

Compatible with all IC

technologies
Easy to use

Fully integrated, assembled
and tested

No precision alignment
required

Easy to use
Faster design-in

Performance fully specified

and guaranteed
System design simplified Assured performance

HEDS-3000 DIGITAL BAR CODE WAND

Digital output No analog signal

conditioning circuitry

needed

Microprocessor compatible

Low digitizing error High percentage

Good reads

Increased throughput

Push-to-read switch Conserves power
No strobing circuitry

required

Longer battery life

in portable systems

Guaranteed performance System design simplified Easy to use

Single supply operation Compatible with standard

digital systems
Easy to use

Lightweight stylized

plastic case
Minimizes operator fatigue Increased throughput

Custom options
available

Styling to match
customer's products

OEM product image
enhanced



1
Emitters

• Features • Advantages • Benefits

Near IR emission Visible Facilitates alignment

Functions with most
silicon phototransistors

and photodiodes

Easy to use Cost effective implementation

Plastic Package Low cost Cost effective implementation

HEMT 3300 uses isotropic

LED chip
Provides floodlight type
beam

Well suited for applications

that require a large area to

be irradiated

HEMT 6000 uses surface
emitter LED chip

Provides bright spot
of light

Facilitates focusing light on
active area of photodetector

HEMT 6000 has offset

wirebond
Active area of the chip

is not masked or

shadowed

Facilitates use with fiber

optics

Detectors
(PIN Photodiodes)

• Features • Advantages • Benefits

1

Offset wirebond Can be used with fiber

optics

Fiber can be placed directly

over active area

All HP PIN photodiodes
have anti-reflective coating

Converts more incident

radiation ; light : into

photocurrent

High Responsivity

Wide spectral response
(ultraviolet through IR)

A single device can cover
the light spectrum plus

UV and IR

Works with a variety of

sources

Low junction capacitance Wide bandwidth Can detect high speed pulses

ULTRA Linear Permits operation over
10 decades

Eliminates the need for

equalization
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HIGH RESOLUTION
OPTICAL REFLECTIVE

SENSOR
HEDS-1000

TECHNICAL DATA MARCH 1980

Features
• FOCUSED EMITTER AND DETECTOR

IN A SINGLE PACKAGE
• HIGH RESOLUTION — .190mm SPOT SIZE

• 700nm VISIBLE EMITTER

• LENS FILTERED TO REJECT AMBIENT LIGHT

• TO-5 MINIATURE SEALED PACKAGE
• PHOTODIODE AND TRANSISTOR OUTPUT
• SOLID STATE RELIABILITY

Description
The HEDS-1000 is a fully integrated module designed tor

optical reflective sensing. The module contains a .178mm
(.007 in.; diameter 700nm visible LED emitter and a

matched I.C. photodetector. A bifurcated aspheric lens is

used to image the active areas of the emitter and the

detector to a single spot 4.27mm (0.168 in.) in front of the

package. The reflected signal can be sensed directly from

the photodiode or through an internal transistor that can

be configured as a high gain amplifier.

Applications
Applications include pattern recognition and verification,

object sizing, optical limit switching, tachometry, textile

thread counting and defect detection, dimensional

monitoring, line locating, mark, and bar code scanning,

and paper edge detection.

Package Dimensions

MAXIMUM SIGNAL POINT

Mechanical considerations
The HEDS-1000 is packaged in a high profile 8 pin TO-5

metal can with a glass window. The emitter and

photodetector chips are mounted on the header at the

base of the package. Positioned above these active

elements is a bifurcated aspheric acrylic lens that focuses

them to the same point.

The sensor can be rigidly secured by commercially

available two piece TO-5 style heat sinks, such as

Thermalloy 2205. or Aavid Engineering 3215. These

fixtures provide a stable reference platform and their

tapped mounting holes allow for ease of affixing this

assembly to the circuit board.

REFERENCE PLANE

P'" ' 0.36
I0.1BSI ; 10.010)

NOTES,
1. ALL DIMENSIONS IN MILLIMETERS AND (INCHES).

Z ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLV.
3. THE REFERENCE PLANE IS THE TOP SURFACE OF THE PACKAGE.
4. NICKEL CAN AND OOLD PLATED LEADS.
6. S.P. SEATING PLANE.
6, THE LEAD DIAMETER IS 0.45mm (0.018m.) TYP.



Electrical Operation
The detector section of the sensor can be connected as a
single photodiode, or as a photodiode transistor amplifier.

When photodiode operation is desired, it is recommended
that the substrate diodes be defeated by connecting the

collector of the transistor to the positive potential of the

power supply and shorting the base-emitter junction of

the transistor. Figure 15 shows photocurrent being
supplied from the anode of the photodiode to an inverting

input of the operational amplifier. The circuit is

recommended to improve the reflected photocurrent to

stray photocurrent ratio by keeping the substrate diodes
from acting as photodiodes.

The cathode of the 700nm emitter is physically and
electrically connected to the case-substrate of the device.

Applications that require modulation or switching of the

LED should be designed to have the cathode connected to

the electrical ground of the system. This insures minimum
capacltive coupling of the switching transients through

the substrate diodes to the detector amplifier section.

The HEDS-1000 detector also includes an NPN transistor

which can be used to increase the output current of the

sensor. A current feedback amplifier as shown in Figure 6
provides moderate current gain and bias point stability.

SCHEMATIC DIAGRAM CONNECTION DIAGRAM

REFERENCE..
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?
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K
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\m FUNCTION

i TRANSISTOR COLLECTOR
2 TRANSISTOR BASE. PHOTOOIOOE ANOOE
3 PHOTODIODE CATHOOE
4 LED CATHODE, SUBST'

' NC

e
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1 TRANSISTOR EMITTER

Absolute Maximum Ratings at TA=25°C
Parameter Symbol Mln. Mm. Unite Plfl. Notes

Storage Temperature fa -40 +75 'C

Operating Temperature Ta -20 +70 •c

Lead Soldering Temperature

1.8mm from Seating Plane
260

tor 10 sec.

c 11

Average LEO Forward Current If 50 mA 2

Peak LEO Forward Current Ifpk 75 mA 1 1

Reverse LED Input Voltage Vh 5 V

Package Power Dissipation Pp 120 mW 3

Collector Output Current lo 8 mA

Supply and Output Voltage Vo.Vc.Vg -0.5 20 V 10

Transistor Base Current IB 5 mA

Transistor Emitter Base Voltage Vee 5 v
.



System Electrical/Optical Characteristics at TA=25°c

Parameter Symbol Mln. Typ- Max. Units Conditions Fig. Note

Total Photocurrent (Ipr+Ipsi IP

375

nA

TA=-20°C

lF=35mA. V =Vc=5V 2.3

15

4100 140 250 Ta=25°C
i

50 Ta-70°C \

Reflected Photocurrent (Ipri to

Internal Stray Photocurrent ;Ips>

IPR

IPS 4 6.5 lF=35mA. Vc=Vo=5V 3

Transistor DC Static Current

Transfer Ratio
»"« 50 TA=-20°C

Vce-SV. lcc10«A 4.5
100 200 TV 25' C

Slew Rate 08 V/jiS Rl=100K IPK=50mA

Rf- 10M tON=100»iS, Rate 1kHz
6

Image Diameter d .17 mm lF=35mA,8 = 4.27mm 0.168in 8.10 8.9

Maximum Signal Point 8 4.02 4.27 4.52 mm Measured from Reference Plane 9

50% Modulation Transler

Function MTF 2.5 Inpr/mir lF=35mA. 8 =4.27mm 10.11 5.7

Depth of Focus -\8

FWHM 1.2 mm 50% of Ip at 8=4 27mm 9 5

Effective Numerical Aperature NA. .3

image Location D .51 mm Diameter Reference to Centerline

8-4.27mm

6

Thermal Resistance eje 85 •C/W

Detector Electrical/Optical Characteristics at TA=25°C

Parameter Symbol Mln. Typ. Max. Units Conditions Fig. Note

Dark Current IPO 5 120 pA Ta=25°C lF=0. Vd=5V;

Reflection=0%10 nA TA=70°C

Capacitance Co 45 PF Vd=0V. Ip=0. f=1MH*

Flux Responsivity R* .22 A
W

A=700nm. Vo=5V 12

Detector Area Ad .160 mm! Square, with t_engtb=.4mm/Slde 1

Emitter Electrical/Optical Characteristics at TA=25°C

Parameter Symbol Mln. Typ. Max. Unite Conditions Fig. Nolo

Forward Voltage 1 v> 1.6 1.8 V lF=35mA 13

Reverse Breakdown Voltago BVr 5 V Ir- 100(iA

Radiant Flux *e 5 9.0 uw lF=35mA. *=700nm 14

Peak Wavelength Xp 680 700 720 nm lF=35mA 14

Thermal Resistance eje 150 «C/W

Temperature Coefficient of Vf O-Vf/AT -1.2 mWC lF=35mA



Transistor Electrical Characteristics at Ta=25°C

Parameter Symbol Mln. Typ. Max. Units Conditions Fig- Note

Collector-Emitter Leakage Iceo i pA VCE=5V

Base-Emitter Voltage VBE .6 V lc=10uA. ls=70nA

Collector-Emitter Saturation

Voltage Vce SAT .4 V lB=1pA. I E=10«A

Collector-Base Capacitance CCB .3 pF f=1MHz, Vcb=5V

Base-Emitter Capacitance Cbe .4 pF f=1MHz, Vbe=0V

Thermal Resistance 6jc 200 °c/w

NOTES:
1. 300/iS pulse width, 1 kHz pulse rate.

2. Derate Maximum Average Current linearly from 65°C by 6mA/°C.
3. Without heat sinking from Ta = 65° C. derate Maximum Average Power linearly by 12mW/°C,
4. Measured from a reflectorcoated with a 99% reflective white paint (Kodak 6080: positioned 4.27mm

1
0.168 in. : from the reference plane.

5. Peak-to-Peak response to black and white bar patterns,

6. Center of maximum signal point image lies within a circle of diameter D relative to the center line of the package. A second emitter

image (through the detector lens: is also visible. This image does not affect normal operation.

7. This measurement is made with the lens cusp parallel to the black-white transition.

8. Image size is defined as the distance for the 10%-90% response as the sensor moves over an abrupt black-white edge.

9. (+) indicates an increase in the distance from the reflector to the reference plane.

10. All voltages referenced to Pin 4.

11. CAUTION: The thermal constraints of the acrylic lens will not permit the use of conventional wave soldering procedures. The typical

preheat and post cleaning temperatures and dwell times can subject the lens to thermal stresses beyond the absolute maximum
ratings and can cause it to defocus.

10 100 1000
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Figure 1. Maximum Tolerable Peak Currant vs. Pulse Duration Figure 2. Relative Total Photocurrent vs. LED DC
Forward Current

REFERENCE
PLANE

NOTE:
1. 1? MEASUREMENT CONDITIONS ARE; I 4 27rrn
KODAK 6080 PAINT REFLECTOR.

2 lps MEASUREMENT CONDITIONS ARE; V «—
A CAVITY WHOSE DEPTH ISWUCM GREATER THAN
THE HEOS-1000 DEPTH OF FIELD.

Figure 3. Ip Test Circuit
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Figure 5. Common Emitter Collector Characteristics
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HEDS-3000

TECHNICAL DATA MARCH 1980

Features
• 0.3 mm RESOLUTION

Enhances the Readability of dot matrix printed

bar codes

• DIGITAL OUTPUT
Open Collector Output Compatible
with TTL and CMOS

• PUSH-TO-READ SWITCH
Wand Consumes Power Only When Switch is

Depressed

• SINGLE SUPPLY OPERATION

• STYLIZED CASE

• DURABLE LOW FRICTION TIP

• SOLID STATE RELIABILITY
Uses LED and IC Technology

Description Applications
The HEDS-3000 Digital Bar Code Wand is a hand held

scanner with integral push-to-read switch. It is designed

to read all common bar code tormats that have the

narrowest bars printed with a nominal width of 0.3 mm
0.012 in.< The wand contains an optical sensor with a 700

nm visible light source, photo IC detector, and precision

aspheric optics. Internal signal conditioning circuitry

converts the optical information into a logic level pulse

width representation of the bars and spaces.

The HEDS-3000 comes equipped with a push-to-read

switch which is used to activate the electronics, and strain

relieved 104 cm :41 In. cord with nine-pin subminiature

D-style connector.

The Digital Bar Code Wand is an eflective alternative to

the keyboard when used to collect information in self-

contained blocks. Bar code scanning is faster than key

entry and also more accurate since most codes have

check-sums built-in to prevent incorrect reads from being

entered.

Applications include remote data collection, ticket

Identification systems, security checkpoint verification,

file folder tracking, inventory control, identifying assem-
blies in service, repair, and manufacturing environments,

and programming appliances, intelligent instruments and
personal computers.

wand Dimensions

PUSH-TO-HEAD SWITCH

CM^
fflDSSflK

OE
NOTES:

1, ALL OlMENSiONS IN MILLIMETRES AND HNCHESI
2. WEIGHT; 'tWA6.Bg 05 ot.), Stripping l'»g (5.5 in.
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Recommended Operating
Conditions

Parameter Symbol Min. Max. Units

Bar Width s. b 0.3 mm
Scan Velocity Vscao 7.6 76 cm/s

Contrast PCS 70 %
Supply Voltage Vs 3.6 5 75 V

Temperature Ta 55 °C

Orientation See Figure 1

Electrical Operation
The HEOS-3000 consists of a precision optical sensor, an

analog 1

amplifier, a digitizing circuit, and an output

transistor. These elements provide a TTL compatible

output from a single voltage supply range of 3.6V to 5 75V.

A non-reflecting black bar results in a logic high 1 1 level,

while a reflecting white space will cause a logic low at

the Vo connection pin 2 .TheoutputoftheHEDS-3000is
an open collector transistor.

A push-to-read switch is used to energize the 700 nm LED
emitter and electronic circuitry. When the switch is

initially depressed, its contact bounce may cause a series

of random pulses to appear at the output, Vo. This pulse

train will typically settle to a final value within 0.5 ms.

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units Notes

Storage Temperature Ts -20 55 °C 1

Operating Temperature Ta 55 °C

Supply Voltage Vs -0,5 6.0 V 2

Output Transistor Power Pt 200 mW
Output Collector Voltage Vo 20 V

Electrical Characteristics Vs - 3.6V to 5.75V at TA = 25° C, Rl = 2.2kll,unless otherwise noted

Parameter Symbol Min. Typ. Max. Units Conditions Fig. Notes

Switch Bounce tsb 0.5 5 ms 3

High Level Output Current lOH -400 mA Voh = 2.4V, Bar Condition 'Black 3

Low Level Output Current lOL 16 mA Vol = 0.4V, Space Condition White > 3

Output Rise Time tr 2 MS 10%-90% Transition 3

Output Fall Time tf 2 MS 90%-10% Transition 3

Supply Current Is 50 mA Vs = 5V. Bar Condition i Black: 2,4

Block Diagram

ii



GUARANTEED WIDTH ERROR PERFORMANCE
Vs = 5V. Ta 0°C to 55"C. Rl 2.2kn,unless otherwise noted

Parameter Symbol Mln. Typ. Max. Units Conditions Rg- Notes

Bar
Width
Error

1st ibt

0.08 32 0.11 4 5 mm
in.xlO-3

Ta=25°C

Margin > 5mm
Height - 0.25mm
Tilt = 0°

vjcan » 50 cm/s

Standard Test Tag
Preferred Orientation

b--s-0.3mm 0.012 in..

5mm
0.024 In.

1

2.6

11

5

7.8

9.10

10.10 3.8 14 <5.5> Ta =
0° to55°C

Interior Ab

-0.01 (-0.2 0.05 (1.8l 0.09 3.5 mm
.<n.xl0-J

Ta-25°C
1.2

6.11

6.7.

8,9

10,11
-0.02 -0.6 0.05 1

2.0' 0.10 .3.9 Ta-
0° to55°C

Space
Width
Error

Interior AS

0.0 0.0 -0.05 i
-1 8 -0,09-3 5 mm

in.x10-
3;

Ta=25°C
1,2

6.11

6.7

8.10

110.0 !0.0> -0.05 -2 -0 10 -3 9

0= to55°C

Tag Scan Velocity Vscan 7.6 76 cm/s 9 7

Emitter Peak
Wavelength

* 700 nm Ta-25-C

TYPICAL WIDTH ERROR PERFORMANCE (Vs = 5V, Ta = 25°C, R L = 2.2kn,unless otherwise noted

Parameter Symbol

Typical WE
THt = 0°

Height = 0.25mm

Typical WE
Tilt - 30°

Height 0.0mm Units Condlllon8 Fig. Notes

Bar

WidOl

Error

From To
Abi

0.08 3 2 0.11 4.2

mm
(in.xlO"3

Margin > 5mm
1o=1s^0.3mm
2b»2s-0.6mm
TA=25°C
Vs=5V
Vscnn SQcm/S

Preferred Orientation

Standard Test Tag

1,2 5.7.8
Margin 1st

is 1b Abi -i 0.03 12 0.04 1.6
mm

in.xlO-3 '

6.7,8

2s 1b Ab2- 0.06. 2.5 0.07 2.9
mm

.in.xlO"3
12 6.7.8

1s 2b ibi-s 0.02 0.9 02 7
mm

in.xlO-1
1,2 6,7.8

2s 2b Abz-j 0.05 i 1,9

1

0.05 ,2 1
mm

in.xlO" 3
1,2 6,7,8

Space
Width
Error

1b 1s
AS 1-1 -0,04 f-1.4

1

-0.04 1-1.41
mm

I
in.xlO-31

1,2 6,7.8

2b is AS 2 .1 -0.03 [-1:0 -0.03 -1,11
mm

iirt,x10-3.
1.2 6,7.8

lb 2s
AS 1-3 -0 07 -2.7

1

-0.08 -33
mm

inxlO"31
1,2 6.7.8

2b 2s ASj-j -0.06 i -2.4 1 -0 06 -2.4
mm

: in.xlO'3

:

1.2 6.7.8

Nor.es:

1. Storage Temperature is dictated by Wand case.

2. Power supply ripple and noise should be less than 100 mV,
3. Switch bounce causes a series of sub-millisecond pulses lo

appear at the output. Vo.
4. Push-to-Read switch is depressed, and the Wand is placed on

a non-reflecting
|
black

)
surface.

5. The margin refers to the reflecting | white; space that proceeds
the first bar of the bar code.

6. The interior bars and spaces are those which follow the first

bar of bar code tag.

7. The standard test tag consists of biacK bars, white spaces 0.3

mm, 0.012 in. min. photographed on Kodagraph Transtar

TC5* paper with a print contrast signal greater than 0.9.

8. The print contrast signal I PCS is defined as: PCS = »

R

w - Rb I

/Rw. where Rw is the reflectance at 700 nm from the white

spaces, and Rb is the reflectance at 700 nm for the bars.

9. 1.0 In - 25.4 mm, 1 mm ^ 0.0394 In.

10. The Wand is in the preferred orientation when the surface of

the switch button is parallel to the height dimension of the bar

code

12



OPERATION CONSIDERATIONS
The HEDS-3000 resolution is specified in terms of a bar

and space Width Error, WE. The width error is defined as
the difference between the calculated bar ispace; width.

B, (S), and the optically measured bar (space) widths, b

(8). When a constant scan velocity is used, the width error

can be calculated from the following:

B = tb • Vscan

S =t5 - Vscan

Ab = B - b

is = S - s

Where

Sb. As= bar, space Width Error 'mm:

b. s = optical bar. space width i mm;
B. S = calculated bar, space width imm)

vscan = scan velocity :mm/s:

tb, ts = wand pulse width output; s!

The magnitude of the width error is dependent upon the

width of the bar | space) preceeding the space (bar) being
measured. The Guaranteed Width Errors are specified as a

maximum for the margin to first bar transition, as well as,

maximums and minimums for the bar and space width

errors resulting from transitions internal to the body of the

bar code character. The Typical Width Error Performance
specifies all possible transitions in a two level code eg 2

of 5 . For example, the .ib;,, Width Error specifies the

width error of a single bar module :0.3 mm; when
preceeded by a double space module ;0.6 mm).

The Bar Width Error Sb. typically has a positive polarity

which causes the calculated bar. B. to appear wider than

its printed counterpart. The typical negative polarity of the

Space Width Error .is. causes the measured spaces to

appear narrower. The consistency of the polarity of the

bar and space Width Errors suggest decoding schemes
which average the measured bars and measured spaces

within a character. These techniques will produce a higher

percentage of good reads.

The Wand will respond to a bar code with a nominal

module width of 0.3 mm when it is scanned at tilt angles

between 0° and 30°. The optimum performance will be

obtained when the Wand is held in the preferred

orientation ; Figure 1 i, tilted at an angle of 10° to 20° , and

the Wand tip is in contact with the tag. The Wand height,

when held normal to the tag, is measured from the tip's

aperture, and when it is tilted it is measured from the tip's

surface closest to the tag. The Width Error is specified for

the preferred orientation, and using a Standard Test Tag
consisting of black bars and white spaces Figure 2

illustrates the random two level bar code tag. The
Standard Test Tag is photographed on Kodagraph
Transtar TC5« paper with a nominal module width of

0.3 mm ;0.012 in. i and a Print Contrast Signal IPCS; of

greater than 90%.

BARWIDTH 0.3 mm (0.012 m.) BLACK & WHITE

Rwhite ;> 75X. PCS » 0.9 KODAGRAPH TBANSTARTC5* PAPER

Figure 2. Standard T«st Tag Format.

PUSH-TO-READ

-t
«r £>_

ONO 17)

Figure 1. Preferred Wand Orientation. Figure 3. Recommended Logic Interface.
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Typical Performance Curves (r l
= 2.2knj

A/ PREFERRED

XL 1ST BAR
f,'

HEIGHT - 0.1 mm

\

vican 50 cm/i "

STANDARD TAG

WIDTH ERROR * (0.3 mml
VS = 5V
tA-as-c

... I\T£RNAL SPACE ,.__

WIDTH ERROR

:
-V.

^

5 10' 15' 20' 25' 30
1 35"

V -TILT - DEGREES

S
;

10
1

IS" 20° 25
! 30" 35'

1/ -TILT- DEGREES

Figure 4. Width Error vs. Tilt (Preferred Orientation). Figure 5. Width Error vs. Tilt (Any Orientation).
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Figure 6. Width Error vs. Height (Preferred Orientation).
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Figure 7. Width Error us. Height (Any Orientation).
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Figure 8. Width Error vs. Bar Width.

,
0.05

u

i

|

1ST BAR

Jib. IMTERN
1 WIDTH EF ROR

^m
-

-it, INTERNAL SPACE
WIDTH ERROR

PREFERRED ORIENTATION
HEIGHT 0.26 mm TILT - 0°

STANDARD TAG 10.3 mml —
T,

1

-2 5*C Vl • 5 1

10 20 30 40 50 60 70 60

«Kan - SO*" VELOCITY - em/l

Figure 9. Width Error vs. Scan Velocity.
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Figure 10. Width Error vs. Supply Voltage.

MECHANICAL CONSIDERATIONS
The HEDS-3000 includes a standard nine pin D-sIyle

connector with integral squeeze-to-release retention

mechanism. Two types ot receptacles compatible with the

retention mechanism are available from AMP Corp.
iPrinted circuit header: 745001-2 Panel mount: 745018.
body; 66570-3, pins;. Panel mount connectors that are
compatible with the HEDS-3000 connector, but do not
include the retention mechanism, are the Molex A7224,
and AMP 2074-56-2.

MAINTENANCE CONSIDERATIONS
While there are no user serviceable parts inside the Wand,
the tip should be checked periodically for wear and dirt, or

obstructions in the aperture. The tip aperture is designed
to reject particles and dirt but a gradual degradation in

performance will occur as the tip wears down, or becomes
obstructed by foreign materials.

Before unscrewing the tip, disconnect the Wand from the

system power source. The aperture can be cleaned with a
cotton swab or similar device and a liquid detergent.

The glass window on the sensor should be inspected and
cleaned if dust, dirt, or fingerprints are visible. To clean the

sensor window dampen a lint free cloth with a liquid

cleaner, then clean the window with the cloth taking care

not to disturb the orientation of the sensor. DO NOT
SPRAY CLEANER DIRECTLY ON THE SENSOR OR
WAND.

PREFERRED ORIENTATION
HEIGHT = 0.25 mm TILT = tt

|

STANDARD TAG <0.3 mm)

1STBAR
—

—t—TT—'['
j

: Xo, INTERNAL BAR WIDTH ERROR

ifc INTERNAL SPACE WIDTH ERROR

1
1

5' Iff IS" 2ff JS 30' 36 40' 46' Sff 55'

T* - TEMPERATURE - 'C

Figure 11, Width Error vs. Temperature.

Figure 12. Wand Tip.

After cleaning the tip aperture and sensor window, the tip

should be gently and securely screwed back into the

Wand assembly. The tip should be replaced if there are
visible indications of wear such as a disfigured, or

distorted aperture. The part number for the Wand tip is

HEDS-3001. It can be ordered from any Hewlett-Packard
parts center or franchised Hewlett-Packard distributor.

OPTIONAL FEATURES
The wand may also be ordered with the following special

features:

• 193 color options

• Customer specified label

• No label

• Heavy duty retractable coiled cord
• No connector

• No switch button

For more information, call your local Hewlett-Packard
sales office or franchised distributor.

NOTES:
1. ALL DIMENSIONS IN MILLIMETRES AND (INCHES).

PIN function
1 NC
2 V OUTPUT
3 NC
4 NC
6 NC
6 NC
7 GROUND
8 NC
• Vs SUPPLV VOLTAGE

Figure 13. Connector Specifications.
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m HEWLETT
PACKARD

670nm
HIGH RADIANT

INTENSITY
EMITTER

HEMT-3300

TECHNICAL DATA MARCH 1980
«

Features
• HIGH EFFICIENCY

• NONSATURATING OUTPUT
• NARROW BEAM ANGLE
• VISIBLE FLUX AIDS ALIGNMENT

• BANDWIDTH: DC TO 3 MHz

• IC COMPATIBLE/LOW CURRENT
REQUIREMENT

Package Dimensions

Description
The HEMT-3300 is a visible, near-IR, source using a

GaAsP on GaP LED chip optimized for maximum
quantum efficiency at 670 nm. The emitter's beam is

sufficiently narrow to minimize stray flux problems, yet

broad enough to simplify optical alignment. This product

is suitable for use in consumer and industrial applications

such as optical transducers and encoders, smoke

detectors, assembly line monitors, small parts counters,

paper tape readers and fiber optic drivers.

NOTES
1 alldimensionsare in

millimetres (inches'
3. silver plated leads
see application
bulletin:*.

3. chip centering within

.

the package is

consistent with
footnotes.

Outline T-1%

Electrical /Optical Characteristics at TA=25 °c

Symbol Description Min. Typ. Max. Units Test Conditions Figure

U Axial Radiant Intensity 200 500 /iW7sr lF = 10mA 3.4

Ke
Temperature Coefficient

of Intensity
-0.009 °c-' If 10 mA, Note 1

n'v Luminous Efficacy 22 Im/W Note 2

2®M, Half Intensity Total Angle 22 deg. Note 3, lF = 10 mA 6

*PEAK Peak Wavelength 670 nm Measured at Peak 1

*}>peak/AT
Spectral Shift Temperature

Coefficient
0.089 nm/°C

Measured at Peak,

Note 4

tr
Output R ise Time
(10%- 90%)

120 ns Ipeak = 10mA

tf

Output Fail Time

(90% -10%)
50 ns 'peak

= 10mA Pulse

Co Capacitance 15 pF VF -0;f -1 MHz

BVR Reverse Breakdown Voltage 5.0 V lR = 100 mA

vf Forward Voltage 1.9 2.5 V lF » 1 mA 2

A\%/AT
Temperature Coefficient

of VF
-2.2 mV/°C lF « 100 mA

©JC Thermal Resistance 160 °C/W
Junction to cathode

lead at seating plane.

Notes: 1. I, (T) -
l e (25 Clexp (Ka(T- 25°C)1 2 I v - r, v l e where I v is in cand

3. ©^ is the off-axis angle at which the radiant intensity is half the axial intensity,

typically within a conical half-angle of five degrees. 4.*PEAK (T) - XpEAK (25°C)

la, l e in watts/steradian and ii v in lumen/watt.

The deviation between the mechanical and optical axis is

* (AXprfAK/aTI (T - 25
°
CI -
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Maximum Ratings at TA=25°C
Power Dissipation 120mW

(derate linearly from 50°C at 1.6 mW/°C)
Average Forward Current 30mA

(derate linearly from 50°C at 0.4 mA/°C)
Peak Forward Current See Figure 5

Operating and Storage

Temperature Range -55° C to + 1 00°

C

Lead Soldering Temperature 260°Cfor5sec.
(1.6 mm [0.063 inch] from body)

1 2 3 4 5 10 20 30 SO

,
- FORWARD CURRENT n-A

Figure 3. Relative Radiant Intensity versus Forward Current.
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Figure 1, Relative Intensity versus Wavelength.
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Figure 4. Relative Efficiency (Radiant Intensity per Unit

Current) versus Peak Current.
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Figure 2. Forward Current versus Forward Voltage.

100 1000 10.000

,
-PULSE DURATION -M

Figure 5. Maximum Tolerable Peak Current versus Pulse

Duration. (Irjc MAX as per MAX Ratings)

NORMALIZED INTENSITY
fc^ 3.00 ife

as « 4S 11-°5 10 15 » 75 » 36 40 45

O - OFF-AXIS ANGLE - DEGREES iCONE HALF-ANCLE*

Figure 6. Far-Field Radiation Pattern.
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EH HEWLETT
PACKARD

700nm
HIGH INTENSITY
SUBMINIATURE

EMITTER

HEMT-6000

TECHNICAL DATA MARCH 1980

Features
• HIGH RADIANT INTENSITY

• NARROW BEAM ANGLE
• NONSATURATING OUTPUT
• BANDWIDTH: DC TO 5 MHz

• IC COMPATIBLE/LOW CURRENT
REQUIREMENT

• VISIBLE FLUX AIDS ALIGNMENT

Description
The HEMT-6000 uses a GaAsP chip designed for optimum
tradeoff between speed and quantum efficiency. This

optimization allows a flat modulation bandwidth of 5 MHz
without peaking, yet provides a radiant flux level

comparable to that of 900nm IREDs. The subminiature

package allows operation of multiple closely-spaced

channels, while the narrow beam angle minimizes

crosstalk. The nominal 700nm wavelength can offer

spectral performance advantages over 900nm IREDs, and

is sufficiently visible to aid optical alignment. Applications

include paper-tape readers, punch-card readers, barcode

scanners, optical encoders or transducers, interrupt

modules, safety interlocks, tape loop stabilizers and fiber

optic drivers.

Maximum Ratings at TA=25°C

Power Dissipation 50mW
(derate linearly from 70°C @ 1.0mW/°C)

Average Forward Current 20mA
(derate linearly from 70°C @ 0.4mA/°C)

Peak Forward Current See Figure 5

Operating and Storage

Temperature Range -55° to+100°C

Lead Soldering

Temperature 260°C for 5 sec.

[1.6 mm (0.063 in.) from body]

tJ»1 1,0781 MAX.

T
il 5 r 1 -«rma-

NOTES:
1 AlLDtMENSfONSAREiNMlLLlMETRESIIWCHES).
2. SILVER-PLATED LEADS SEE APPLICATION BULLETIN X
3 U5EKUAV SEND LEADS AS SHOWN.
* EPOXVENCAPSULANT HAS A REFRACTIVE INDEX OF 1.63

5 CHIP CENTERING WITHIN THE PACKAGE IS CONSISTENT
WITH FOOTNOTE 3.

!

"j~

1

T,= 25 C.L

£
Z
1-

5 0.6

a
° 4

rA
rA - ioo*c

0.2 / 1 \
A

'

1
i

1

\^- V.

640 660 680 700 720 740

>. -WAVELENGTH - nm

Figure I, Relative Intensity versus Wavelength.

1
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Electrical /Optical Characteristics at TA =:25°C

Symbol Description Min. Typ. M.X. Units Test Conditions Fig.

1. Radiant intensity along Mechanical

Axis

100 250 jjW/st l F = 10mA 3,4

Ke Temperature Coefficient of Intensity -0.005 °cr' Note 1

»?v Luminous Efficacy 2.5 Im/W Note 2

2@% Optical Axis Half Intensity Total Angle 16 deg. Note 3, lF = 10mA 6

APEAK Peak Wavelength (Range) 690-715 nm Measured @ Peak 1

AX /AT
PEAK

Spectral Shift Temperature Coefficient .193 nm/°C Measured @ Peak, Note 4

tf Output Rise Time (10%-90%) 70 ns PEAK = 10 mA

tf Output Fall Time (90%-10%) 40 ns 'peak = 10 mA

Co Capacitance 65 pF VF =0;f = 1 MHz

BVR Reverse Breakdown Voltage 5 12 V lR « lOO^A

vf Forward Voltage 1.5 1.8 V |f = 10 mA 2

AVp/AT Temperature Coefficient of Vp -2.1 mV/°C I f = 100mA

©JC Thermal Resistance 140 °C/W Junction to cathode lead

at 0.79 mm (.031 in)

from body
i

NOTES: 1. le (T) = le (25°C)expIKe (T-25°CI|.

Z l„ = 1 v 'e where 'v is in candela, l a in watts/steradian, and tfy In lumen/watt.

3. Wy. is the off -ax is angle at which the radiant intensity is half the intensity along the optical axis. The deviation between the

mechanical and the optical axis is typically within a conical ha If -angle of three degrees.

A. k (T) - \ <25°C> + (AA. MT)(T-25°C)
PEAK PEAK PEAK

/
1 /

/
-

7 1

/;

/
;= =

i
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i
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1

;

z <B 1.0
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1 .-«•*=

-„.

S
y

_ '

!"'
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VF - FORWARD VO LTAGE - V

Figure 2. Forward Current versus
Forward Voltage.

^ - FORWARD CURRENT - mA

Figure 3. Relative Radiant Intensity
versus Forward Current.

peak ~ PEAK CURRENT " mA

Figure 4. Relative Efficiency (Radiant Intensity

per Unit Current) versus Peak Current.

10 100 1.000

t- - PULSE DURATION-
Figure 5. Maximum Tolerable Peak Current versus Pulse

Duration. (Iqc MAX as per MAX Ratings)
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Figure 6. Far-Field Radiation Pattern.
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PIN PHOTODIODES
5082-4200

SERIES

1

TECHNICAL DATA MARCH 1980

Features
• HIGH SENSITIVITY (NEP<-108 dBm)
• WIDE DYNAMIC RANGE (1% LINEARITY

OVER 100 dB)
• BROAD SPECTRAL RESPONSE
• HIGH SPEED (Tr , Tf,<1ns)

• STABILITY SUITABLE FOR PHOTOMETRY/
RADIOMETRY

• HIGH RELIABILITY
• FLOATING, SHIELDED CONSTRUCTION
• LOW CAPACITANCE
• LOW NOISE

Active area: 1mm Diam 5082-420
[5082-4203

0.5mm Oiam - 5082-4204

0.25mm Magnified 2.5x

1
13 r
I4j

TALL SIZE

IT0-18)

5082-4220 - Short (TO-46)

5082-4205 - Submlnlature

Description
The HP silicon planar PIN photodiodes are ultra-fast light

detectors for visible and near infrared radiation. Their

response to blue and violet is unusually good for low dark

current silicon photodiodes.

These devices are suitable for applications such as high

speed tachometry, optical distance measurement, star

tracking, densitometry, radiometry. and fiber-optic

termination.

The speed of response of these detectors is less than one
nanosecond. Laser pulses shorter than 0.1 nanosecond

may be observed. The frequency response extends from

dc to 1 GHz.

The low dark current ot these planar diodes enables

detection of very low light levels. The quantum detection

efficiency is constant over ten decades of light intensity,

providing a wide dynamic range.

The 5082-4203, -4204, and -4207 are packaged on a

standard TO-18 header with a flat glass window cap. For

versatility of circuit connection, they are electrically

insulated from the header. The light sensitve area of the

5082-4203 and -4204 is 0.508mm (0.020 inch) in diameter

and is located 1.905mm (0.075 inch) behind the window.

The light sensitive area ofthe 5082-4207 is 1 .016mm (0.040

inch) in diameter and is also located 1 .905mm (0.075 inch)

behind the window.

The 5082-4205 is in a low capacitance Kovar and ceramic

package of very small dimensions, with a hemispherical

glass lens.

The 5082-4220 is packaged on a TO-46 header with the

0.508mm (0.020 inch) diameter sensitive area located

2.540mm (0.100 inch) behind a flat glass window.

Package Dimensions
P.CVI0KC !)-X0\, DIMENSIONS IN MILLIMETRES IINCHESI

4 MS
(1831

~l

2683
(.1*51

7
II II

(1 D
-S.J34 _

12101"

O - 0')4— CATHODE

ANODE

-4203, -4204, -4207

K> IO<l6HtADCII

CONNECTED
TO CASE

.2 WE .
I.0MI

-4220
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AbSOlUte MaXimUm RatingS Operating and Storage Temperature -55° to 125°C

Parameter -4203 •4204 •4205 4207 -4220 Units

Pmax Power Dissipation

'

100 100 50 100 100 mW
Steady Reverse Voltage 3 50 20 50 20 50 wolts

Electrical /OpticaLCharacteristics at Ta=25°C TO iS To 44,

SyrnM Oeictiptkn

4203 -4204 -4205 -4207 5220

Unit]M:n. Typ. Max. Milt. Typ. *u. fjfcl Typ. Man. Min. Typ. Max, Hill. Typ. Max.

RE.0-
R^-A

Axial Inridance

Reiponja al

770nrr.:1!

1.0 1.0 IV 4.0 1.0
rmV/cm'*

A Active Area* 2x
10-3

2x
10-3

3.
10-3-

8>
10-3

2x
10-3

cnI21

R« Flu* Retpon-

ovlly 770 nm5
(Fig. 1.31

.5 .6 .5 .5 .5 HA

Id Oatk Currents

(FiB- 4)

2.0 0.8 .15 2.5 5.0 nA

NEP Nolw Equivalent

Power '{Fie.. 81

i :
5.1 x
10-'"

2.8*
,0-14

1.4 x
10-14

6.7 x
10-14

8.1 x
10-14 vffi

D' Detectivity8 8.7 jc

t8»
1.6 x 4.0 x.

1012
1.5 x

10"
5.6 x

10"
croyEu

C| Junction Capaci-

tances (Flo, 5)

1.5 to 0.7 5.6 2.0 pf

Cp Package

Capacitance <°
2 2 2 pf

lr.I< Zero Bias Speed

(Rise, Fall Time)
11

300 300 300 300 300 nt

<,.*i Rev -Biat Speed

(Rue. Fall Time)

12

1 1 1 1 1 nt

HS Serial Refinance 50 50 50 50 50 fi

NOTES:

1. Peak Pulse Power

When exposing the diode to high level incidence the
following photocurrent limits must be observed:

'p (avg MAX.) <
PM*X"P0

; and in addition:

*i»t Noli 4.

whichever of the above three conditions is least.

Ip - photocurrent (A) f - pulse repetion rate (MHz)

Ec - supply voltage (V) P$ - power input via photon flux

t • pulse duration (us) pMAX - max dissipation (W)

Power dissipation limits apply to the sum of both the optical power Input to the device and the electrical power input from flow
of photocurrent when reverse voltage is applied.

2. Exceeding the Peak Reverse Voltage will cause permanent damage to the diode. Forward current is harmless to the diode, within
the power dissipation limit. For optimum performance, the diode should be reversed biased with Ec between 5 and 20 volts.

3. Exceeding the Steady Reverse Voltage may impair the low-noise properties of the photodiodes, an effect which is noticeable only
if operation is diode-noise limited (see Figure 8).

4. The 5082-4205 has a lens with approximately 2.5x magnification; the actual Junction area is 0.5 x 10*3 cm^, corresponding to a
diameter of 0.25mm (.010"). Specification includes lens effect.

5. At any particular wavelength and for the flux in a small spot falling entirely within the active area, responsivity is the ratio of incremental
photodiode current to the incremental flux producing it. It is related to quantum efficiency, t7q in electrons per photon by:

where X is the wavelength in nanometers. Thus, at 770nm, a responsivity of 0.6 A/W corresponds to a quantum efficiency of 0.81 (or 81%)
electrons per photon.

6. At -10V for the 5082-4204. -4205, and -4207; at -25V for the 5082-4203 and -4220.

7. For (\, f, Af ) = (770nm. 100Hz, 6Hz) where f is the frequency for a spot noise measurement and Af is the noise bandwidth, NEP is the
optical flux required for unity signal/noise ratio normalized for bandwidth. Thus:

irWSf
NEP» where IfgA/Af is the bandwidth — normalized noise current computed from the shot noise formula:

In/v/a7= V2qlo " 17-9 " 10-15 v/lo (A/\/Hz) where Ip is in nA.

8. Detectivity, D'is the active-area-normalized signal to noise ratio. It is computed:
for (X, f, Af) = (770nm, 100Hz, 6Hz).

9. At -1 0V for 5082-4204, -4205, -4207. -4220; at -25V for 5082-4203.

1 0. Between diode cathode lead and case — does not apply to 5082-4205, -4220.

11. With 5011 load.

1Z With 50ft load and -20V bias.

D.=:A ,HE Hz.
) for A in cm^,
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Figure 1. Spectral Response. Figure 2. Relative Directional Sensitivity

of the PIN Photodlodes.

Figure 3. Typical Output Characteristics

at \ = 900nm.
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Figure 4. Dark Currant at -10V Bias

vs. Temperature.

P. — _OAD RESISTANCE - OHlAS

Figure 6. Noisa vs. Load Rasistanca.

-•0 -15 -20 -25 -30 -35 -40 -45

V. - REVERSE VOLTAGE - V

R. - C0A3 RESISTANCE - OMWS

Fkjura 7. Photodiode Cut-Off Frequency

vs. Load Rasistanca (C ** 2pF).

Figure 5. Typical Capacitance Variation

With Applied Voltage.

s

.
NEPDUETO NEP

^THERMAL NOISE
- OF LOAD

|
l»'io«i

RyUT -

5 Iff"'

NEP DUE TO
SHOT \CISE AT
MAXIMUM DARK
CURRENT

| 3062-420?
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)

5082-4204 i2 8 ' -0 '.•.

_1 —L 1 i (

10s iff" 10' 10* iff 10* 10* *r/
s

P, - (.OA3 RESISTANCE O-MS

Figure 9. Photodiode Equivalent Circuit.

Figure 8. Noise Equivalent Power vs. Load Rasistanca.

Ip-Skjnal current > 0.5uA/mW x flux input at 770 nm
trsj-- Shot noise current

<1.2x 10-14 amps/Hz1/2(5082-4204l

<4x 10-14 amps/Hj1/2(S082-4207)

ID" Dark current

<600x 10-12 amps at -10 V dc (5082-42041

<2500 x 10-12 amps at -10 V dc (5082-4207)

r p = 101m
Rs - <50ft
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Application Information
NOISE FREE PROPERTIES

The noise current of the PIN diodes Is negligible. This is a
direct result of the exceptionally low leakage current, in

accordance with the shot noise formula In = (2qlRAf)'
/2

.

Since the leakage current does not exceed 600 picoamps
for the 5082-4204 at a reverse bias of 10 volts, shot noise
current is less than 1.4 x 10" amp Hz""

2
at this voltage.

Excess noise is also very low, appearing only at

frequencies below 10 Hz, and varying approximately as
1/f. When the output of the diode is observed in a load.

thermal noise of the load resistance (Ri_) is 1.28 x 10"'°

(Rl)~'
/2

x (Af)
1/2

at 25"C. and far exceeds the diode shot
noise for load resistance less than 100 megohms (see
Figure 6). Thus in high frequency operation where low
values of load resistance are required for high cut-off

frequency, all PIN photodiodes contribute virtually no
noise to the system (see Figures 6 and 7).

HIGH SPEED PROPERTIES

Ultra-fast operation is possible because the HP PIN
photodiodes are capable of a response time less than one
nanosecond. A significant advantage of this device is that

the speed of response is exhibited at relatively low reverse
bias (-10 to -20 volts).

OFF-AXIS INCIDANCE RESPONSE
Response of the photodiodes to a uniform field of radiant

incidance Ee . parallel to the polar axis is given by I = (RA) x

Ee for 770nm. The response from a field not parallel to the

axis can be found by multiplying (RA) by a normalizing
factor obtained from the radiation pattern at the angle of

operation. For example, the multiplying factor for the
5082-4207 with incidance Ee at an angle of 40° from the

polar axis is 0.8. If E« = 1mW/cm 2

, then l
p
= k x (RA) x Ee ;

l p = 0.8 x 4.0 x 1 = 3.2 uamps.

SPECTRAL RESPONSE

To obtain the response at a wavelength otherthan 770nm,
the relative spectral response must be considered.
Referring to the spectral response curve, Figure 1, obtain
response, X, at the wavelength desired. Then the ratio of

the response at the desired wavelength to response at

770nm is given by:

RATIO - ^
Multiplying this ratio by the incidance response at 770nm
gives the incidance response at the desired wavelength.

ULTRAVIOLET RESPONSE

Under reverse bias, a region around the outside edge of

the nominal active area becomes responsive. The width of

this annular ring is approximately 25um (0.001 inch) at

-20V, and expands with higher reverse voltage. Respons-
ivfty In this edge region is higher than In the interior,

particularly at shorter wavelengths; at 400nm the interior,

responsivity is 0.1 A/W while edge responslvlty is 0.35

A/W. At wavelengths shorter than 400nm, attenuation by

the glass window affects response adversely. Speed of

response for edge Incidance is tr, tt « 300ns.

5082-4205 MOUNTING RECOMMENDATIONS

a. The 5082-4205 is intended to be soldered to a printed

circuit board having a thickness of from 0.51 to 1.52mm
(0.02 to 0.06 Inch).

b. Soldering temperature should be controlled so that at

no time does the case temperature approach 280° C.

The lowest solder melting point in the device Is 280°

C

(gold-tin eutectic). If this temperature is approached,
the solder will soften, and the lens may fall off. Lead-tin

solder is recommended for mounting the package, and
should be applied with a small soldering iron, for the

shortest possible time, to avoid the temperature
approaching 280° C.

c. Contact to the lens end should be made by soldering

to one or both of the tabs provided. Care should be
exercised to prevent solder from coming in contact
with the lens.

d. It printed circuit board mounting is not convenient,

wire leads may be soldering or welded to the devices

using the precautions noted above.

LINEAR OPERATION

Having an equivalent circuit as shown In Figure 9,

operation of the photodiode is most linear when operated
with a current amplifier as shown in Figure 10.

Vout -Ri II, -Id)

Figure 10. Linear Operation.

Lowest noise is obtained with Ec = 0, buthigherspeedand
wider dynamic range are obtained if 5 < Ec < 20 volts. The
amplifier should have as high an Input resistance as
possible to permit high loop gain. If the photodiode is

reversed, bias should also be reversed.

LOGARITHMIC OPERATION

If the photodiode is operated at zero bias with a very high

impedance amplifier, the output voltage will be:

VoOT .(, +&).S. fln (1+ k,

where I s =If (e^ -1)"' at < If < 0.1mA

using a circuit as shown in Figure 11.

"Z

Figure 11. Logarithmic Operation.

Output voltage, Vout, is positive as the photocurrent, lP,

flows back through the photodiode making the anode
positive.
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Fiber Optics
• Features, Advantages, Benefits .

.

• Transmitters

• Receivers

• Cables
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Fiber Optics!
Fiber optics is emerging as a practical, cost-effective technology for data communications.

Pulses of light traveling down hair-thin fibers are replacing electrical signals transmitted over

copper wires. The transmission of information over optical cables offers many features,

advantages, and benefits, some not available with any other technology:

• Features

Optical transmission

path

Light pulse "carrier"

signals

• Advantages

Complete input-output

electrical isolation

No EMI susceptibility or

radiation

Very high distance/bandwidth

products achievable

• Benefits

Freedom from ground loops.

Lightning safe.

Freedom from induced noise.

Freedom from crosstalk.

Secure communications.

Greater data rates at longer

distances than wire/coax.

Bandwidth independent
of cable size

Light weight, small diameter

cables possible

Lower cost installation and
maintenance. More bandwidth

(channels; per unit area or unit

weight.

Versatile

HP's new fiber optic systems are point-to-

point links intended for short to intermediate

distance processor-to-processor or pro-

cessor-to-peripheral interconnection in

commercial, industrial, or military appli-

cations. Some of these are:

• Large computer installations

• Distributed processing (minicomputer)

systems

• Hospital computer systems

• Power plant communications/control

• Industrial/process control

• Industrial or military secure
communications

• Aircraft/shipboard data links

• High voltage or electromagnetic field

research

• Remote instrumentation systems

• Factory data collection

In many of these applications induced noise,

ground potential differences, high voltage, or

extended distance, make twisted wire or

coaxial data links difficult or impossible to

use. Fiber optics can offer an alternative to

expensive shielding, conduit, isolation

transformers, or data error checking and
retransmission circuitry.
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System Specifications*

DATA RATE:
DATA FORMAT:
LINK DISTANCE:
BIT ERROR RATE:

DATA INPUT:

DATA OUTPUT:

CABLE
CONSTRUCTION:

POWER SUPPLY
REQUIREMENTS
TRANSMITTER:
RECEIVER:

OPERATING TEMPER-
kATURE RANGE:

DC to 10Mb/s NRZ
No restrictions

to 1000 metres
10"9 max. at 10Mb/s
NRZ
TTL compatible
(1 LSTTL load)

TTL compatible (up
to 20 LSTTL loads)

Reinforced, polyure-

thane jacketed.
single fiber, glass
core and cladding.

5V±5% at 125mA
5V±5% at 100mA

0°C to70°C
' Detailed electrical and mechanical specifications are

contained in the following data sheets: HFBR-1001,
HFBR-1002, HFBR-2001, HFBR-3000.

Systems and Components

Easy-To-Use

The HP Fiber Optic Link is a versatile, easy-
to-use system. It does not require optical
design expertise, calibration or adjustment.

To make it easy to get started, HP offers the
HFBR-0010, a complete 10 metre simplex
link consisting of a transmitter, a receiver, a
10 metre cable/connector assembly, and
technical literature, Also available are
separate components: the HFBR-1001 100
metre digital transmitter the HFBR-1002,
1000 metre digital transmitter, the HFBR-
2001 digital receiver, and the HFBR-3000
cable/connector assemblies.

HP systems feature:

• Compatible plug-together transmitters,
receivers, and cable assemblies

• Miniature PC board mountable packages

• TTL electrical interfaces

• Single 5 volt power supply requirement

• Accepts any data format from DC to

10 Mbits NRZ

• Accommodates cable lengths up to
1000 metres

• Integral fiber optic connectors

• Built-in "link monitor"

HP Part No. Description Page No.

HFBR-0010 Complete 10 Metre Simplex System (Contains
one each HFBR-1001, -2001, -3001)

(Contact HP
Sales Office:

HFBR-1001 100 Metre Digital Transmitter 28

HFBR-1002 1000 Metre Digital Transmitter 32

HFBR-2001 Digital Receiver 36

HFBR-3000 Cable/Connector Assemblies: In User Specified
Cable Lengths

40
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[VJ
HEWLETT
PACKARD

FIBEROPTIC
100 METRE DIGITAL

TRANSMITTER
HFBR-1001

TECHNICAL DATA MARCH 1980

Features
• HIGH SPEED: dc to 10Mb/s NRZ*

• LONG DISTANCE: 100 metres*

• LOW PROFILE: Fits 12.7mm (0.5") spaced card rack

• NO HEAT SINK REQUIRED

• ARBITRARY DATA FORMAT*

• TTL INPUT LEVELS

• SCHMITT DATA INPUT

• OPTICAL PORT CONNECTOR
• SINGLE 5V SUPPLY
When used with HFBR-2001 Receiver Module and HFBR-3000
Cable/Connector Assemblies.

Description
The HFBR-1001 fiber optic transmitter is an integrated electrical to optical transducer designed tor digital data transmission over

single fiber channels. A bipolar integrated circuit and a GaAsP LED convert TTL level inputs to optical pulses at data rates from

dc to 10Mb/s NRZ. An integral optical connector on the module allows easy interfacing without problems of source/fiber

alignment. The low profile package is designed for direct printed circuit board mounting without additional heat sinking.

The HFBR-1001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies, and the HFBR-2001 fiber optic

receiver for transmission distances up to 100 metres. The HFBR-1001 generates optical signals in either of two externally

selectable modes. The internally-coded mode produces a 3-level coded optical signal for reception and decoding by the HFBR-

2001 receiver. This feature provides data format independence over the data rate range of dc to 10Mb/s NRZ while allowing for

wide dynamic range and high sensitivity at the receiver. The externally-coded mode produces a 2-level optical signal which is a

digital replica of the data input waveform. Used in this mode with the HFBR-2001 receiver, the user must provide proper data

formatting (explained in the HFBR-2001 data sheet) to insure proper receiver operation. In either mode, the radiant output is

radiologically safe (per ANSI Z136.1-1976).

Package Dimensions

CAUTION.

1 LOCK NUT AND BARREL WOULD
NOT BE DISTURBED.

2. SCREWS ENTERING THE 2-56

THREADED MOUNTING HOLES
MUST NOT TOUCH BOTTOM.

3 THE HFBR3000 CONNECTOR
SHOULD NOT BE TIGHTENED
BEYOND THE LIMITS SPECIFIED
IN THE H FBR-3000 DATASHEET.

UN FUNCTION

1 MODE SELECT

2 N.C.

3 GROUND
4 vM
s DATA INPUT

.38 . .15 SO. TYP.
(.OlBi.0061

2 - 56 UNC THO. X 5.6 (.22) OEEP

MpUNTINO HOUS2 PLCS.

NOTES:

1. DIMENSIONS IN mm (INCHES!
2. UNLESS OTHERWISE SPECIFIED

Tilt: TOLERANCE ON ALL
DIMENSIONS IS :.38mm I: 015")
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Absolute
Maximum Ratings

Recommended
Operating conditions

Parameter Symbol Min Max Units Not*

Storage Temperature TS -55 +85 °C

Operating Temperature TA 70 t

Lead Soldering
Temperature 260 °C

3
Time 10 s

Supply Voltage vcc -0.5 6 V

Mode Select or

Data Input Voltage
V| -0.5 5.5 V

Parameter Symbol Min Max Units Note

Ambient Temperature TA 70 °c"

Supply Voltage vcc 4.75 5.25 V 4

High Level Input Voltage,

Mode Select or Data Input
V|H 2.0 vCc V

Low Level Input Voltage,

Mode Select or Data Input
V|t 0.8 V

Dote Input Voltage Pulse

Duration (high or low)
«H,tL 100 ns

Electrical /Optical Characteristics o°ct 7 ° C Unless Otherwise Specified

Parameter Symbol Min Typ'6l|M«x Units Conditions Fig. Note

High Level

Input Current

Mode Select
'IH

100
MA VCC - 5.25V, V, - 2.4V

2

Data Input 20

Low Level

Input Current

Mode Select
ML

-1.6
mA VCc * 5.25V, V| = 0.4V

Date Input -0.6

Supply

Current

Externally-Coded

Mode

'CC

170

mA

Mode Select

High

Data Input Hioh

VCc -5.25V
1,

2
540 Data Input Low

Vcc-4.75V
Internally-Coded

Mode

68 95 125 Mode Select

Low

Data Input High or Low

VCC = 5.25V

Optical

Flux

High Level ©H 67

uW

Mode Select High
Data Input High

1,

2,

3

Low Level °L 3 Data Input Low
Mid Level (average) *M 35 Mode Select Low Data Input

Square Wave

at 500 kHz

.
/peok-to-peak\

Excu rston I
-

1 Aip 22 32 Mode Select High 9

Amplitude Symmetry, Flux Excursion Ratio k 0.8 1.2 - Mode Select Low 1 7

Exit Numerical Aperture ::.,«. 0.5 — 3

Optical Port (fiber optic core) Diem. °C 200 'im

Coupling

Loss

from area mismatch aA 6.0
dB

with HFBR-3000 Cable/Conneclor
Assemblyfrom numerical aperture

mismatch
"N.A. 4.0

Peak Emission Wavelength hp 700 nm 4

Dynamic Characteristics o°c to 7o°c unless otherwise specified

Parameter Symbol Min Typ" Mb Units Conditions Fig. Note

Propagation

Delay

High-to-Low Data Input

Voltage Stop
<PHL 31 46 ns

VCC = 4-75 V 1 8
Low-to-High Data Input

Voltage Step
'PLH 35 50 ns

Refresh Pulse Duration
'P 60 ns

VCc = 5.00 V, Mode Select Low 1 8
Internally-Cod ed Mode Repetition Rate 'R 300 kHz
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MODE SELECT -

DATA INPUT -

HFBR-1001
OPTICAL

TRANSMITTER

OATA INPUT

OPTICAL OUTPUT
WITH

MODE SELECT LOW

OPTICAL OUTPUT
WITH

MODE SELECT

[AB ^^w^isj^ \r
PUT 75*--

f
HIGH I :u

Figure 1. Flux Coding and Timing Diagram.

MODE SELECT

•

5

OPTICAL
SIGNAL

GENERATOR

OPTICAL
PORT

Figure 2. Schematic Diagram.

i

—

i

1

i

t-A 1

.4

2 4—

I 2

10" 20° 30" 40' BO*

a - OFFAXIS ANGLE - DEGREES

Figure 3. Radiation Pattern.'

860 680 700 720 740 760

\ - WAVELENGTH - nm

Figure 4. Emission Spectrum.

'The optical fiber is recessed within the barrel at a distance o' approximately 7mm. Solid line represents radiation pattern from fiber

stub without obscuration by connector barrel Dashed line represents radiation pattern as seen from outside ot connector.

Notes (cont'd):

3. Measured at a point 2mm (.079 in.) from where lead enters

package.
4. A supply decoupling network ot 2.2/iH with 60mF is

recommended.
5 Average currents lor steady-state conditions at Data Input.

6. For typical values, Vc- - 5.00V and TA = 25°C.

7. Flux excursion ratio, k, Is the ratio ot flux excursion above mid

level to flux excursion below mid level. _ d>H ~ 'I'M -

«M - *L

B. The refresh pulse is interrupted (abbreviated) it Data Input

changes state during the refresh pulse. MAX propagation delay

is for Data Input changing state during the maximum excursion

of the refresh pulse.

9. Flux excursion

A* = 0.5 Oh - «L). °f <-••* - 0.5 W>M - «L) • ( +•<)•

Notice that under the conditions specified for A#, the
average flux Is (A* + 0l).
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Electrical Description
The HFBR-1001 has two modes of operation: Internally-Coded

mode and Externally-Coded mode. These are selected by

making the Mode Select input "low" tor Internally-Coded mode
and "high" for Externally-Coded mode. With Mode Select

"low," the optical signal generator in the HFBR-1001 produces

a "mid-level" flux which has positive or negative excursions,

depending on whether Data Input is "high" or "low." In this

Internally-Coded mode, a train of positive excursions is initi-

ated when Data Input goes "high;" when Data Input goes

"low," a train of negative excursions is initiated. These ex-

cursions are pulses of approximately 60ns duration with a

300kHz repetition rate. Each initiation of a pulse train starts

with a full-duration pulse, but when Data Input changes state,

the train is terminated—even at mid-pulse—as a new train of

opposite-polarity pulses is initiated. With this coding scheme

and the low duty factor, the average flux is always near the

mid-level, regardless of the data rate or duration in either

state. This coding scheme is designed to operate the HFBR-

2001 Fiber Optic Receiver most effectively; the mid-level flux

operates the Receiver's dc-restorer and the "refresh" pulses

of either polarity keep the Receiver's ALC voltage at the

proper level, allowing low propagation delay for any change

of state at Data Input. The Internally-Coded mode permits

transmission of analog information, e.g., by means of Pulse

Width Modulation. Another advantage of the 3-level

Internally-Coded mode is that supply current is nearly the

same for either logic state, thus reducing transients on the

power supply line.

With Mode Select "high," the optical signal is at full maximum

(-2 X mid level) when Data Input is "high," and nearly zero

when Data Input is "low." This mode provides for these three

applications:

1

.

Steady state turn-on of the photo-emitter at maximum flux

level (e.g., for system diagnosis).

2. Stand-by mode (e.g., when the system is not in use).

3. Transmission of 2-level optical signals from externally

generated code (e.g., Manchester) for receivers not con-

figured for the 3-level code. With Mode Select "high," the

output is either 4>H. or *|_. Direct analog operation is not

possible due to hysteresis in the response of the optical

signal to the Data Input signal.

Mechanical and
Thermal Considerations

Typical power consumption is less than 500mW so the trans-

mitter can be mounted without consideration for external heat

sinking. The optical port is an optical fiber stub centered in a

metallic ferrule. This ferrule supports a split-wall cylindrical

spring sleeve which aligns the ferrule in the Transmitter with

the ferrule in the HFBR-3000 Fiber Optic Cable/Connector.

The connection procedure is to FIRST start the Connector

ferrule into the sleeve: THEN screw the coupling ring on the

barrel. The barrel performs no alignment function; Its

purpose is to hold the ferrule faces together when the

coupling ring is tightened as specified in the HFBR-3000

Fiber Optic Cable/Connector data sheet.

The HFBR-1001 should be mounted so that the lock nut at the

optical port is not disturbed. Moving the lock nut can cause

misalignment of the optical fiber stub inside the module result-

ing in a reduction of power output. Mounting at the edge of a

printed circuit board with the lock nut overhanging the edge is

recommended.
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ca HEWLETT
PACKARD

FIBER OPTIC

1000 METRE DIGITAL

TRANSMITTER
HFBR-1002

TECHNICAL DATA MARCH 1980

Features
• LONG DISTANCE TRANSMISSION:
1000 METRES*

• PIN COMPATIBLE WITH HFBR-1001
TRANSMITTER

• HIGH SPEED: DC TO 10 Mbaud*
• NO DATA ENCODING REQUIRED*
• FUNCTIONAL LINK MONITORING*
• TTL INPUT LEVELS
• BUILT-IN OPTICAL CONNECTOR
• LOW PROFILE: PCB MOUNTABLE
• SINGLE +5V SUPPLY
•When used with HFBR-2001 Receiver Module and any Hewlett-

Packard HFBR-3000 Series Cable/Connector Assembly.

Description
The HFBR-1002 fiber optic transmitter is an integrated electrical to optical transducer designed for digital data

transmission over single optical fiber channels. A bipolar integrated circuit and a high efficiency GaAIAs LED convert
TTL level inputs to optical pulses at data rates from dc to 10 Mbaud :see note 5). An integral optical connector on the

module allows easy Interfacing without problems of fiber alignment. The low profile rugged industrial package is

designed for direct circuit board mounting without additional heat sinking on printed circuit boards with 12.7 mm 0.5" i

card rack spacing.

The HFBR-1002 is intended for use with Hewlett-Packard fiber optic cable/connector assemblies, and the HFBR-2001
fiber optic receiver for transmission distances to 1000 metres. It is a direct replacement for extending links currently using

the HFBR-1001 (100 metre
I
transmitter to give 1000 metre capability. The HFBR-1002 generates optical signals in either

of two externally selectable modes. True dc response 'data high or lowfor arbitrary time Interval, isavailable when using

the Internally-Coded mode.

WARNING: OBSERVING THE TRANSMITTER OUTPUT FLUX UNDER MAGNIFICATION MAY CAUSE INJURY TO
THE EYE. When viewed with the unaided eye, the near IR output flux Is radiologically safe; however, when viewed under
magnification, precaution should be taken to avoid exceeding the limits recommended in ANSI Z136.1-1976.

Package Dimensions

L SHOULD

CAUTION:

1. LOCK NUT AND BARREL S

NOT BE DISTURBED.
2. SCREWS ENTERING THE 2-56

THREADED MOUNTING HOLES
MUST NOT TOUCH BOTTOM.

3. THE CONNECTOR SHOULD NOT BE
TIGHTENED BEYOND THE LIMITS
SPECIFIED IN THE HEWLETT-
PACKARD CABLE/ CONNECTOR
DATA SHEET (FINGER T1GHTI.

MODE SELECT

2 - 56 UNC TWO X 5 6 1.22) DEEP

MOUNTING HOLES 2 PLCS

NOTe&
1. DIMENSIONS IN mm (INCHES)
2. UNLESS OTHERWISE SPECIFIED
THE TOLERANCE ON ALL
DIMENSIONS IS -.3&nm <s .015")
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Absolute
Maximum Ratings

Recommended
Operating Conditions

Parameter Symbol Mm Max Units Note

Storage Temperature TS -55 +85 °C

Operating Temperature TA '70 °C

Lead Soldering
Temperature 260 "c

3
Time 10 s

Supply Voltage vcc -0.5 6 V

Mode Select or

Data Input Voltage
V| -0.5 5.5 V

Parameter Symbol Mm Max Units NotB

Ambient Temperature TA +70 °C

Supply Voltage VCC 4 75 5.25 V 4

High Level Input Voltage,

Mode Select or Data Input
V|H 2.0 VCC V

Low Level Input Voltage.

Mode Select or Data Input
V|L 0.8 V

Data Input Voltage Pulse

Duration (high or low)
tH.tL 100 ns js

Transmission Distance B 1.000 m 6

Electrical /Optical Characteristics o«C tOH 70°C Unless Otherwise Specified

Parameter Symbol Min TyP"> Max Units Conditions Fig. Note

Optical

Flux

Transmitter 1 peak-to-peak \

Output \ 2 /
«<T

-13 -10 dBm Mode Select

High

Data Input :

Square Wave
at 500 kHz

1,

2.

3,

5

8
50 100 uW

High Level °H 205

uW

Mode Select

High

Data Input High

Low Level
<"L

5 Data Input Low

Mid Level #tt 105
Mode Select

Low
Data Input Square

Wave at 500 kHz

Amplitude Symmetry. Flux Excursion Ratio k 0.3 1.2 _ Mode Select Low 1 9

Exit Numerical Aperture LN.A. 0.3 - 3

Optical Port (fiber optic core) Diam. °C 100 j»m

Coupling

Loss

Transmitter Optical Port

to Cable/Connector Assy. °T< 3.0 dB
With Hewlott-Peckerd Cable/

Connector Assembly

Peak Emission Wavelength *pk 820 nm 4

High Level

Input Current

Mode Select

'|H

100
cA Vcq - 5.25V, V| - 2.4V

2
Oata Input 20

Low Level

Input Current

Mode Select

'lL
-1.6 mA Vcc - 5.25V. V, = 0.4V

Data Input -0.6

Supply
Current

Externally-Coded

Mode

'cc

170

mA

Mode Select

High

Date Input High

Vcc -5.25V
1.

2 1040
Data Input Low
Vcc - 4.75V

Internally-Coded

Mode
68 96 126

Mode Select

Low
Data Input High or

Low, Vcc - 5.25V

Dynamic Characteristics o°c to 7o°c unless otherwise specified

Parameter Symbol Min TyJ
7 ' Max Units Conditions Fig. Not.

Propagation

Delay

High-to-Low Date Input

Voltage Step
tpHL 34 42 ns

Vcc = 4.75 V

Data Input Square Wave at 500 kHz

1 11
Low-to-High Data Input

Voltage Step
tPLH 32 38 ns

Refresh Pulse Duration rP 40 ns

Vcc = 6.00 V. Mode Selecl Low 1 11
InternaUy-Coded Mode Repetition Rate *R 300 kHz
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Figure 1. Flux Coding and Timing Diagram.

Figure 2. Schematic Diagram. —
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Figure 3. Radiation Pattern.*
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Figure 4. Emission Spectrum.

•The optical fiber is recessed within the barrel at a distance ol approximately 7mm. Solid line represents radiation pattern Irom fiber stub

without obscuration by connector barrel. Dashed line represents radiation pattern as seen from outside of connector.

Notes i cont'd i:

3. Measured at a point 2mm
|
.079 in. from where lead enters

package.
4. A supply decoupling network of 2.2|iH with 60«F is

recommended.
5. With NRZ data. 10 Mbaud corresponds to a data rate of 10

Mbits/second. With other codes, the data rate is the baud rate

divided by the number of code intervals per bit interval. Sell-

clocking code :e.g.. Manchester: usually has two code
intervals per bit Interval giving 5 Mbits/second at 10 Mbaud.

6. With Hewlett-Packard HFBR-2001 and HFBR-3000 Series

Cable/Connector Assembly.
7. For typical values, Vcc - 5.00V and Ta » 25° C.

8. The transmitter output. *t, equals the flux excursion,

.1* =i*h — *l /2. Notice that under the conditions specified

for .1*. the average flux is «h •* e>L 12.

9. Flux excursion ratio, k, is the ratloof flux excursion above mid
level to flux excursion below mid level.

i,- *H -*M

10. Average currents for steady-state conditions at Data Input.

11. The refresh pulse is Interrupted abbreviated! if Data Input

changes state during the refresh pulse. MAX propagation
delay is for Data Input changing state during the maximum
excursion of the refresh pulse.
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Electrical Description
The HFBR-1002 has two modes of operation: Internally-

Coded mode and Externally-Coded mode. These are

selected by making the Mode Select input "low" for

Internally-Coded mode and "high" tor Externally-Coded

mode. With Mode Select "low," the optical signal

generator in the HFBR-1002 produces a "mid-level" flux

which has positive or negative excursions, depending on
whether Data Input is "high" or "low". In this Internally-

Coded mode, a train of positive excursions is initiated when
Data Input goes "high;" when Data Input goes "low," a
train of negative excursions is initiated. These excursions
are pulses of approximately 40ns duration with a 300kHz
repetition rate. Each initiation of a pulse train starts with a

full-duration pulse, but when Data Input changes state,

the train is terminated — even at mid-pulse — as a new
train of opposite-polarity pulses is initiated. With this

coding scheme and the low duty factor, theaverage flux is

always near the mid-level, regardless of the data rate or

duration in either state. This coding scheme, which is

transparent to the user, is designed to operate the HFBR-
2001 Fiber Optic Receiver most effectively, the mid-level

flux operates the Receiver's dc-restorer and the "refresh"

pulses of either polarity keep the Receiver's ALC voltage

at the proper level, providing data format independence
mo data encoding required over the data rate range of dc

to 10Mbaud. The Internally-Coded mode permits trans-

mission of analog information, e.g., by means of Pulse

Width Modulation. Another advantage of the 3-level

Internally-Coded mode is that supply current is nearly the

same for either logic state, thus reducing transients on the

power supply line.

With Mode Select "high," the optical signal is at full maxi-

mum i-2 X mid-level when Data Input is "high," and
nearly zero when Data Input is "low." Used in this mode
with the HFBR-2001 Receiver, the user must provide

proper data formatting (e.g., Manchester or Bi-Phase
coding, explained in HFBR-2001 data sheet: to ensure
proper receiver operation. This mode provides for these

three applications:

1. Steady state turn-on of the photo-emitter at maximum
flux level e.g., for system diagnosis:.

2. Stand-by mode :e.g.. when the system is not in usei.

3. Transmission of 2-level optical signals from externally

generated code :e.g., Manchester: for receivers not

configured for the 3-level code. With Mode Select

"high," the output is either *h, or 0i_. Direct analog

operation is not possible due to hysteresis in the

response of the optical signal to the Data Input signal.

Mechanical and
Thermal Considerations
Typical power consumption is less than 500mW so the

transmitter can be mounted without consideration for

external heat sinking. The optical port is an optical fiber

stub centered in a metallic ferrule. This ferrule supports a

split-wall cylindrical spring sleeve which aligns the ferrule

in the Transmitter with the ferrule in the Hewlett-Packard
Fiber Optic Cable/Connector Assembly. The threaded

barrel performs no alignment function; its purpose is to

hold the ferrule faces together when the coupling ring is

tightened finger-tight as specified in the Hewlett-Packard
Fiber Optic Cable/Connector data sheet.

The HFBR-1002 should be mounted so that the lock nut at

the optical port is not disturbed. Moving the lock nut can
cause misalignment of the optical fiber stub inside the

module resulting in a reduction of power output.

Mounting at the edge of a printed circuit board with the

lock nut overhanging the edge is recommended.

Good system performance requires clean ferrule faces to

avoid obstructing the optical path. Clean compressed air

often is sufficient to remove particles of dirt; methanol or

Freon'" on a cotton swab also works well. If it is absolutely

necessary to remove the threaded barrel and lock nut to

clean the transmitter ferrule face, refer to the section

"Installation Measurement and Maintenance" in Hewlett-

Packard Application Note 1000.

— I

,

-Iff 0' 10" 2ff 30" 4ff 50* 6ff 70'

T» - AMBIENT TEMPERATURE - - C

Figure 5. Normalized Transmitter Output Flux vs. Temperature.

35



ra HEWLETT
PACKARD

FIBER OPTIC

DIGITAL RECEIVER
HFBR-2001

TECHNICAL DATA MARCH 1980

Features
• HIGH SPEED: dc to 10Mb/s NRZ*

• LOW NOISE: 10-" BER with 0.8mW Input*

• LOW PROFILE: Fits 12.7mm (0.5") spaced card rack

• SINGLE SUPPLY VOLTAGE

• WIDE OPTICAL DYNAMIC RANGE: 23dB

• OPTICAL PORT CONNECTOR
• ARBITRARY DATA FORMAT*

• TTL OUTPUT LEVELS

• LINK MONITOR: Shews Satisfactory Input Signal*

•When used with HFBR-1001/1002 Transmitters and HFBR-3000
Cable/Connector Assemblies.

Description
HFBR-2001 fiber optic receiver is an integrated optical to electrical transducer designed (or reception of digital data over single

fiber channels. A silicon PIN photodetector and a bipolar integrated circuit convert optical pulses to TTL level outputs with an

optical sensitivity of .8/xW, a dynamic range of 23 dB, and data rates to 10 Mb/s NRZ. An integral optical connector on the

module allows easy interfacing without problems of fiber/detector alignment. The low profile package is designed for direct

printed circuit board mounting without additional heat sinking.

The HFBR-2001 is intended for use with HFBR-3000 fiber optic cable/connector assemblies and the HFBR-1001/1002 fiber

optic transmitters. In order to provide wide dynamic range, dc response, and high sensitivity, the receiver must periodically

extract information from the optical waveform. When operating with a transmitter in the internally-coded mode, this information

is automatically provided by the transmitter. When operating In the externally-coded mode, or with another transmission

source, the user must provide proper data formatting to insure proper receiver operation.

An additional TTL output called Link Monitor (LM), provides a digital indication of link continuity independent of the presence of

data. Link continuity is indicated by a logical high output state.

Package Dimensions

-~ IOCKVjT
CAUTION;

1. LOCK NUT AND BARREL SHOULD
NOT 8E DISTURBED.

2. SCREWS ENTERING THE 2*8
THREADED MOUNTING HOLES
MUST NOT TOUCH BOTTOM.

3. THE HFBR-3000CONNECTOR
SHOULD NOT BE TIGHTENED
BEYOND THE LIMITS SPECIFIED
IN THE HFBR-3000 DATA SHEET.

PIN FUNCTION

1 TEST POINT

2 LINK MONITOR
3 GROUND
a Vcc
5 DATA OUTPUT

NOTES:

1. DIMENSIONS IN mm (INCHES)
2. UNLESS OTHERWISE 5PECIFIED

THE TOLERANCE ON ALL
DIMENSIONS IS -,38mm f; OIS'I
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Absolute Maximum Ratings

Patamour Symbol Mln Max Units Note

Storage Temperature TS -55 85 °C

Operating Temperature TA 70 °c

Lead Soldering

Cycle

Temperature 260 °c
3

Time 10 s

Supply Voltage vCc -o.s 6.0 V

Output Voltage (High State) Vqh 6.0 V

Recommended Operating conditions

Parameter Symbol Mln Max Units Note

Ambient Temperature TA 70 °C

Supply Voltage vCc 4.75 5.25 V

Supply Ripple (Peak-to-Pe»k) AVCC 260 mV 4

High Level

Output Current

Link Monitor

'OH
-100

uA
Data Output -400

Low Level Output Current lOL 8 mA
Average input Flux <=M 0.8 100 uW 6

Peak-to-Peek Input Flux <?H«L 1.6 200 uW
Optical Input

Pulse Duration

and Timing

2-Level

Code

High Level 'H
100 6000 ns

Low Level l L

Flux Excuriion Retlo k 0.75 1.25 7

3-Level

Code

High Level tH
SO ns

8

Low Level >L

Mid Level *-M 0.05 6.7 MS

Refresh Repetition Rate fR 150 kHz

Refresh Duty Factor fR'H.fa'L 0.04

Electrical /Optical Characteristics 0°C to 70°C Unless Otherwise Specified

Parameter Symbol Min Typ6 Max Units Conditions Fig. Note

Output

Voltage

High

State

Data Output
VOH 2.4 2.86 V

- (0M + OS uW), l - -400 |iA vcc -

4.76 V
1.2 7,9

Link Monitor A0-O.8UW. l o = -100uA

Low

State

Data Output
vol

0.35 0.5
V

0"(OM-O-8«W) l - 8 mA

VCC 4.75 VLink Monitor 0.2 0.4 A© =

Test Point Voltage vT V
oM = 100yW

10
I 3 OM -0

Supply Current ice
77 100

mA
VCC = 5.25 V

60 77 VCC " 4-75 V

Optical Port (fiber optic core) Diameter °c 200 »irn

Numerical Aperture N.A. 0.5 3

Peak Responsivity Wavelength \ p 770 nm 4

Dynamic Characteristics o°Cto70° C Unless Otherwise Specified

Parameter Symbol Min Typ6 Max Units Conditions Fig. Note

Propagation

Delay

High

to Low

3-Level Code
tPHL

29 37
ns

Vcc - 4-75 V, k = 1 , Link Monitor High 1

11
2-Level Code 37 45

Low to

High

3-Level Code
tPLH

37 52
ns 12

2-Level Code 46 60

Link Monitor

Response Time

Low-to-High tMH 20
mi

VCC = 4.75 V A* - 0.8 wW

IrjL « 8 mA Peak-to-Peak

13

High-to-Low tML 1000 14

Bit Error Rate at 10 M baud BER 10-9 k-1, A0>O.8uW 16
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DATA INPUT TO TRANSMITTER (HF8R-1001. INTERNALLY CODED) OMITTING TRANSMISSION DELAY

T T r

3-level coded flux at receiver input

Oh

* " tOH-OMl'Wil-*!.!

DATA OUTPUT

DATA INPUT TO TRANSMITTER. E.G. MANCHESTER 1HFBR-1001 EXTERNALLY CODEDI OMITTING TRANSMISSION DELAY

-l_j
—

i__i 1 i—
i

i

—

i i—
i

i i_r-i i 1 r
2-LEVEL CODED FLUX AT RECEIVER INPUT k • f£t L )/(£tH l

Figure 1. Optical Input Timing Requirements.

Notes (cont'd):

3. Measured at a point 2mm (.079") tram where the lead enters

the package.

4. II ripple exceeds the specified limit, the regulator shown in

Figure 5 should be used. The LC filter shown in Figure 5 Is

recommended whether the regulator is used or not.

5. For typical values, Vcc = 5.00V and Ta = 25°C.

6. Flux is averaged over an Interval of at least 50ms. Flux values

specified are for the equivalent of a monochromatic source

between 700nm and 820nm.
7. For either 2-level or 3-level code, k= (0h~^mV(4m-^L)'
8. For the HFBR-2001 , a 3-Level Code is defined as having a

mid-level, with equal-amplitude and pulse width excursions to

high-level or to low-level.

9. Link Monitor provides a check of link continuity. A low Link

Monitor output indicates that the optical signal path has been

interrupted. For example, it might indicate a broken cable or

a loose, dirty, or damaged connector. The link may still be
operational with Link Monitor low, but it should be checked

to determine the cause of the low Indication. When the

source of flux is an Internally-Coded HFBR-1 001/1002 Fiber

Optic Transmitter, Link Monitor high will be a valid indication

of link continuity whether or not data is being transmitted. An
optical input with excursions ( io: greater than or equal to

0.8mW is sufficient to hold Link Monitor high.

10. When observing V-r, use a voltmeter with at least 10Mfl input

resistance. With zero Input flux, Vj is at its maximum value,

VtMAX. The" "h8" "ux ls being received, whether modulated

or hot:

(VT.MAX - VT) (25kfi)(lp) = (25kn)(Rd4M )

where In = average photodiode photocurrent

R^, =" 0.4A/W = photodiode responsivity

d>M = average flux being received

1 1

.

Measured from the time at which optical input crosses the 25%
level until DATA OUTPUT - 1.5V in HL transition.

1 2. Measured from the time at which optical Input crosses the 75%
level until DATA OUTPUT - 1.5V in LH transition.

Figure 2. Schematic Diagram.

13. Measured from the time at which optical Input fluctuation begins

until LINK MONITOR rises to 1 .5V.

14. Measured from the time at which optical input fluctuation ceases

until LINK MONITOR falls to 1.5V.

15. With NRZ data, 10Mbaud corresponds to a data rate of

lOMb.'s. With other codes, the data rate is the baud rate divided

by the number of code intervals per bit interval—self-clocking

code (e.g., Manchester) usually has two code intervals per

bit interval giving 5Mb/s at lOMbaud.

:18



Electrical Description
Flux enters the HFBR-2001 via an optical fiber stub where a
PIN photodiode converts it to a photocurrent. This photocur-

rent goes to an l-V (current-to-voltage) amplifier which utilizes

both dc feedback and ALC (automatic level control).

The function of dc feedback is to keep the average value of

the signal centered in the linear range of the amplifier. The dc
feedback amplifier has a high impedance output to establish

a long time constant on a capacitor at its output (The voltage

on the capacitor is observable at the test point). As seen in

the schematic diagram, the voltage on this capacitor extracts

the average component of photocurrent from the input of the

l-V amplifier so its average output Is at a fixed level. Optical

flux excursions above and below the average cause voltage

excursion above and below the fixed level at the output of the

l-V amplifier.

The voltage excursions operate a flip-flop whose output drives

the Data Output amplifier; an excursion above the average

level sets the data output high, where it remains until an
excursion below the average level resets the flip-flop.

To prevent overdrive, an ALC circuit, responding to excursions

either above or below the average level, controls the gain of

the l-V amplifier. Gain Is then determined by whichever polar-

ity of excursion is the greater. If these excursions are too far

from being balanced, the gain limitation imposed by the larger

excursion may cause the smaller (opposite polarity) excursion

to be too small to operate the flip-flop.

The Link Monitor output is driven by an amplifier which re-

sponds to the ALC voltage. The Link Monitor is high when the

flux excursions are greater than or equal to O.&yW,

Mechanical and Thermal
Considerations
Typical powerconsumption is less than 500mWso the Receiver

can be mounted without consideration for additional heat

sinking. The optical port Is an optical fiber stub centered In a
metallic ferrule. This ferrule supports a split-wall cylindrical

spring sleeve which aligns the ferrule in the Receiver with the

ferrule In the HFBR-3000 Fiber Optic Cable/Connector. The
connection procedure is to FIRST start the Connector ferrule

into the sleeve, THEN screw the coupling ring on the barrel.

The barrel performs no alignment function; its purpose is to

hold the ferrule faces together when the coupling ring is

tightened as specified in the HFBR-3000 Fiber Optic

Cable/Connector data sheet.

10" 21
"uP-

"H '

H>
\
\
\

.

\
i

\
! ^

-4 \
I V

-OFF-AXIS ANGLE- DEGREES

Figure 3. Reception Pattern."

'The optical fiber is recessed within the barrel at a distance ot approximately 7mm. Solid line represents reception pattern at fiber stub
without obscuration by connector barrel. Dashed line represents reception pattern as seen from outside of connector.
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•CRITICAL PARAMETER ISSPEEDOF RESPONSE

Figure 4. Spectral Response. Figure 5. Power Supply Transient Filter Recommendation.
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m HEWLETT
PACKARD

FIBER OPTIC
SINGLE CHANNEL

CABLE/CONNECTOR
ASSEMBLIES

HFBR-3000

TECHNICAL DATA MARCH 1980

Features
USER SPECIFIED CABLE LENGTHS
CONNECTORS FACTORY INSTALLED
AND TESTED
PERFORMANCE GUARANTEED OVER
TEMPERATURE AND HUMIDITY
HIGH STRENGTH
LIGHT WEIGHT
SMALL BEND RADIUS

Description
The HFBR-3000 Simplex Fiber Optic Cable/Connector

Assemblies are intended (or use with the HFBR-1001/-1002

Transmitters and HFBR-2001 Receiver for digital data

transmission. The Connectors mate directly with the

optical ports on the Transmitters and Receiver. The cable

uses a single fused silica, partially graded index, glass-

clad fiber surrounded by silicone coating, buffer jacket,

and tensile strength members. This combination Is then

covered by a scuff-resistant outer jacket. The cable

resistance to mechanical abuse, safety in flammable

environments, and inherent absence of electromagnetic

interference effects may make the use of conduit

unnecessary. However, the light weight and high strength

of these assemblies allows them to be drawn through most
electrical conduits. The HFBR-3099 Adapter, for inter-

connecting cables, consists of two parts: a sleeve to align

the ferrules and barrel to join the connector couplings.

HFBR-3000 CABLE LENGTH TOLERANCE

POLYUnETHANE OUTER JACKET

STRENGTH MEMBERS
BUFFER JACKET

OPTICAL FIBER-

SILICONE COATING
CLAOOING isjlica:

Cable Length (Metrei) Tolerance Units

1-10
-10
-0 %

11—100
+ 1

— Metre

>100
+ 1

- 3
%

Mechanical Dimensions

_cofieisiuca;

Cable/Connector ordering Guide
HFBR-3000 defines an optical cable of user specified

length supplied with factory Installed and tested

connectors. Length must be specified in metres and'can

be any one metre increment from 1 to 1 000 metres. Length
information is shown as option 001 to the base product
number with quantity equal to the number of cable

assemblies ordered,

Examples:

For a single length ot 24S metres specify:

HFBR-3000 ~ Opt c Cable Assy Quantity 1

Option 001 2*5 metres long Quantity 1

For seven lengths of 1O00 metres specity:

HFBR-3000 Optic Cable Assy Quantity 7

Option 001 1000 metres long Quantity 7

Systems intended to operate at distances greater than

1000 metres may require special component selection,

depending upon operating conditions. For cable lengths

greater than 1000 metres contact your local Hewlett-

Packard sales office.

6.73
1.2651

>

*?'.

CONNECTOR
36.0 i 3

f1.«-.0BI 10 .32UNf

i9 ADAPTE

NOTES:
***"»***»

t. DIMENSIONS ARE IN
mm (INCHES).

2. UNLESS OTHERWISE
SPECIFIED. THE
TOLERANCES ARE:
-X .51mm
{.XX - .02 in.)

.XX * .13mm
(.XXX - .006 «n.|

3. FIBER END IS LOCKED
FLUSH VVI1H FERRULE
PACE.

-REF. PLANE
FOR CABLE
LENGTH

CAUTION:
A. COUCUNG SHOULD NOT

BE OVERTIGHTENED. SEP
MBCHAPJICAL/OPTICAL
CHARACTERISTICS AND
NOTE 14.

.Sif'/ PERFOR-
mance requires clean
ferrule facesto
avoid obstructing
the optical path.
clean compressed air
ofte:. issufficsentto
revove particles, a
cotton swa8 soaked
im methanol or
freon "" may also
BE USED
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Absolute Maximum Ratings
Parameter Symbol Min. Max. Unlti Nolo Parameter Symbol Mln. Max. Units Note

Relative Humidity at Ta = 70°C 95 % 12 Bend Radius r 7 mm 10

Storage Temperature Ts -40 +85
°C

Flexing : 50.000 cycles 4

Operating Temperature Ta +70 Crush Load Fc 200 N 5
Tensile

Force

on Cable
Ft

300
N 10

Impact m 1 kq
6on Connector/Cable 100 h 03 m

IViei_[ldNll-dl/ UJJLILdl LJlciIKDillbULS I 0°C to -70° C Unless Otherwise Specifie i

Parameter Symbol Min. Typ. Max. Units Conditions FiH- Note

Exit Numerical Aperture N.A. 0.3 — ..-;. A = 820nm K>300m 1 7

Insertion Loss

Length

Dependent
°o

16 20
dB/km

: a = 700nm li= 100m
2 9,11

7 10 A = 820nm C > 300m

Fixed OF 5.4 84 dB A = 820nm £ < 300m 13.14

Fiber Dispersion .we 17.5 ns/km
700 < A < 820nm

3

Fiber 308 Bandwidth Af-C 20 MHz.km 8

Optical Fiber Core Diameter Dc 100
/*m

Cladding Outside Diameter Dcl 140

Optical Fiber Profile Index "i 10 —
Elongation Under Tensile Force Ag/e 0.5 % F = 300N 9

Mass per Unit Length m/£ 6 kg/km

Cable Outside Diameter Dca 2.5 mm
Notes cont'd :

4. 180° bending at minimum bend radius, with 10N tensile load.

5. Force applied on 2.5 mm diameter mandrel laid across tne cable on a
Mat surface, for 100 hours, followed by flexure test.

6. For mass m dropped from heignt h on 25 mm diameter mandrel a-0
acoss the cable on a flat surface.

7 Exit N.A. is defined as the sine of the angle at which the off-axts radiant

intensity is 10% of :-e ax a radiant intensity.

8 Fiber 3dB Bandwidth Length MHz • <m s defined as 3507'iber
dispersion ns/km .

9, Typical values are at Ta = 25°C.
10. This applies for short term teslmg. less than one hour.

11. Fiber loss exclusive of connector loss.

12. This applies to cable only.

13 When using HFBR-1002 transmitter with HFBR-3000 Cable/
Connector Assembly. Total Insertion loss, aj = op * t»o fc- 300 for

£> 300 m; for lengths 6< 300 m, aj *• op. lOOO
14. Coupling Ring "Finger Tight", torque 0.05 < L < 0.1 N»m.

Overtightening may cause excessive fiber misalignment or permanent
damage.

1 Q
w-J;

/*

;

*

\

!

y

|
M

\
z

A,

<

< 10

i

'

I - OFF AX:S ANGLE DEGREES

600 700 800 900

WAVELENGTH Inm)

Figure 1. Optical Fiber Output Radiation Pattern. Figure 2. Spectral Transmission.

The actual fiber dispersion is determined from the RMS Pulse Spreading and can be approximated by

©OUT

100*. ,

IMPULSE: ipi CMM

10OS

50Tt ,
' V-

Figure 3. Fiber Dispersion
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Optocouplers
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Optocoupler
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High Speed Optocouplers

Device Description Application' I

Typical

Data Rate

(NRZ)

Current

Transfer

Ratio

Specified

Input

Current

Withstand

Ttst

Voltage

Page

No.

6N135 Transistor Output Line Receiver, Analog

Circuits, TTL/CMOS,
TTL/LSTTL Ground
Isolation

IMbit/s 7% Min. 4B

6N136 19% Min. 16mA 3000Vdcl3|

HCPL-2502 15-22%I21

HCPL-2530 Dual Channel

Transistor Output

HCPL-2531

Line Receiver, Analog

Circuits, TTL/CMOS,
TTL/LSTTL Ground

Isolation

IMbit/s 7% Min. 16mA 3000Vdcl31 50

19% Min.

a
ahooeH

cathooiQ

a

v
cc il

cm D

6N137 Optically Coupled

Logic Gate

Line Receiver, High

Speed Logic Ground

Isolation

lOMBit/s 700% Typ. 5.0mA 3000Vdcl3] 54

E
AKOOlg

CATHDDEfS

E

ffo
OND

v« E
JJv,

E"ou-

HCPL-2601 High Common Mode
Rejection, Optically

Coupled Logic Gate

Line Receiver, High

Speed Logic Ground

Isolation In High

Ground or Induced

Noise Environments

lOMbit/s 700% Typ 5.0mA 3000Vdcl3| 58

Q

E "°E

3

3"
3 "OUT

HCPL-2602 Optically Coupled

Line Receiver

Replace Conventional

Line Receivers In High

Ground or Induced

Noise Environments

lOMbit/s 700% Typ. 5.0mA 3000Vdcl31 62

ANODE, ["

CATHO0E,rjj-?'f>-j

HCPL-2630

CATHODE, QT—, [>_

ANODE, [jLxoNOL

Dual Channel

Optically Coupled

Gate

Line Receiver, High

Speed Logic Ground

Isolation

lOMbit/s 700% Typ. 5.0mA 3000Vdcl3| 68

High Gain Optocouplers

Device Description Application! 1
1

Typical

Data Rate

(NRZ)

Current

Transfer

Ratio

Specified

Input

Current

Withstand

Test

Voltage
No.

6N138 Low Saturation

Voltage, High Gain

Output, Vcc=7VMax.

Line Receiver, Low
Current Ground

Isolation, TTL/TTL,
LSTTL/TTL, CMOS/
TTL

300k bit/s 300% Min. 1.6mA 3000Vdcl3| 72

6N139 Low Saturation

Voltage, High Gain

Output, VCc=18V
Max.

Line Receiver, Ultra

Low Current Ground

Isolation, CMOS/LSTTL
CMOS/TTL, CMOS/
CMOS

400% Min. 0.5mA

A»0DE|[T

LI

LI

A»OOE,(7

IE*"JJvoi

3 voi

T]gno

HCPL-2730 Dual Channel, High

Gain, VCC=7V Max.

HCPL-2731 Dual Channel, High

Gain, VCc=18V Max,

Line Receiver, Polarity

Sensing, Low Current

Ground Isolation

300k bit/s 300% Min. 1.6mA 3000Vdcl3| 76

400%Min. 0.5mA

4N45 Darlington Output

VCC=7V Max.

AC Isolation, Relay-

Logic Isolation

3k bit/s 250% Min, 1.0mA 3000Vdcl3| 80

4N46 Darlington Output

VCC=20V Max.

350% Min, 0.5mA
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AC/DC to Logic Interface Optocoupler

Dtvici Description Application'
Typical

Data Ratu

Input

Threshold

Current

Output

Current

Withstand

Tiist

Vortige

Page

No.

HCPL-3700 AC/DC to Logic

Threshold Sensing

Interface Optocoupler

Limit Switch

Sensing, Low Voltage

Detector, Relay

Contact Monitor

4 KHz 2.5mA TH*
1.3mA TH"

4.2mA 3000 Vdc 131 84

c
c
c
c

"Jire

Hermetic Optocouplers

Device Description Application!'!

Typical

Data Rate

(NRZ)

Currant

Transfer

Ratio

Specified Withstand

Input Test

Current Voltage

Page

No.

WTMOf , 1 • .

: *
CAFMOOfii
MOD!, I

p> aum

6N134

6N134

Dual Channel

Hermetically Sealed

Optically Coupled

Logic Gate.

TXV - Screened

TXVB - Screened

with Group B

Data

6N134TXVB

Line Receiver,

Ground Isolation for

High Reliability

Systems

lOMbit/s 400% Typ. 10mA 1500Vdc 90

P

1% "
3: « 11

-y— 11

6N140

Hermetically Sealed Line Receiver, Low 300k bit/s 300% Min. 0.5mA 1500Vdc 94

6N140TXV

Package Containing

4 Low Input Current,

High Gain Optocouplers

TXV - Hi-Rel

Screened

TXVB - Hi-Rel

6N140TXVB :

Screened with

Group B Data

Power Ground

Isolation for High

Reliability Systems

4N55

4N55TXV

4N55TXVB

Dual Channel

Hermetically Sealed

Analog Optical

Coupler

TXV - Hi-Rel

Screened

TXVB - Hi-Rel

Screened with

Group B Oata

Line Receiver,

Analog Signal

Ground Isolation,

Switching Power

Supply Feedback

Element

700k bit/s 7% Min. 16mA 1500Vdc 98

Notes: 1. AN 948, AN 951-1, and AN 951-2 are located in Application Notes Section, beginning on page 311. For further

information ask for AN 939 and AN 947.

2. The HCPL-2502 Current Transfer Ratio Specification is guaranteed to be 1596 minimum and 22% maximum.

3. Recognized under the Component Recognition Program of Underwriters Laboratories Inc. (File No. E55361),

220 VAC working voltage. This is guaranteed by a 3000 Vdc withstand voltage test for 5 seconds.

45



m HEWLETT
PACKARD

HIGH SPEED
OPTOCOUPLERS

6N135

6N136

HCPL-2502

TECHNICAL DATA MARCH 1980

ft ftftA
DATE
CODE

—*i U 1-M u

/xxxxx^,
xxx HJ

OUTLINE DRAWING'

7YFE
•iL'VBER

.093) MAX.—*\ (-«— 0.99 1.0391 MIN. OIMENSIONS IN MILLIMETRES AND IINCMESI

4.70 1.1991 MAX.

H2"
CAlnODEl

3

m 1,0301

MAX.

SCHEMATIC

ice

ANODE C—

v. 3
BE

-s

Features Applications

HIGH SPEED: 1 Mblt/s

TTL COMPATIBLE
RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

HIGH COMMON MODE TRANSIENT IMMUNITY:
1000V/M8

3000 Vdc WITHSTAND TEST VOLTAGE
2 MHz BANDWIDTH
OPEN COLLECTOR OUTPUT

Line Receivers — High common mode transient immunity

(>1000V/ms) and low input-output capacitance (0.6pF).

High Speed Logic Ground Isolation — TTL/TTL, TTL/

LTTL. TTL/CMOS, TTL/LSTTL.
Replace Slow Phototransistor Isolators - Pins 2-7 of the

6N135/6 series conform to pins 1-6 of 6 pin phototransistor

couplers. Pin 8 can be tied to any available bias voltage of

1.5V to 15V for high speed operation.

Replace Pulse Transformers - Save board space and weight

Analog Signal Ground Isolation — Integrated photon de-

tector provides improved linearity over phototransistor type.

Description Absolute Maximum Ratings*
These diode-transistor optocouplers use a light emitting c,„.,™„x„_—...,,«. kk p to iiocY
diode and an integrated photon detector to provide3000Vdc

Storage Temperature -55 C to + 25 C

electrical insulation between input and output. Separate Operating Temperature -55 C to 100 C

connection for the photodiode bias and output transistor Lead Solder Temperature 260 O tonus

collector improve the speed up to a hundred times that of a (1.6mm below seating plane)

conventional photo-transistor coupler by reducing the base- Average Input Current — If 25mAW
collector capacitance. Peak Input Current - lp 50mAl21

The 6N135 is suitable for use in TTL/CMOS, TTL/LSTTL or (50% dutY cYcle . 1 ms P ulse wldtn >

wide bandwidth analog applications. Current transfer ratio Peak Transient Input Current - l F 1.0A

iCTRi forthe6N135 is 7% minimum at l F
= 16 mA. «1^s pulse width, 300pps)

The6N136issuitableforhighspeedTTL/TTLapplications.A Reverse Input Voltage - VB (Pin 3-2) 5V

standard 16 mA TTL sink current through the input LED will Input Power Dissipation 45mWI3l

provide enough output current for 1 TTL load and a 5.6 kn Average Output Current - Irj (Pin 6) 8mA
pull-up resistor. CTR of the 6N136 is 19% minimum at If = Peak Output Current 16mA
16 mA. Emitter-Base Reverse Voltage (Pin 5-7) 5V

The HCPL-2502 is suitable for use in applications where Supply and Output Voltage - Vcc (Pin 8-5), V (Pin 6-5)

matched or known CTR is desired. CTR is 15 to 22% at If = -0.5V to 15V
16 mA. Base Current - l B (Pin 7) 5mA

Output Power Dissipation 100mWMl
'JEDEC Registered Data. :The HCPL-2502 is not registered. <

Sae notes, following page.
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Electrical Specifications
Over recommended temperature (TA = C

C to 70°C) unless otherwise specified.

Paramttar Sym. Device Mln. Typ. Mm. Units Test Conditions Fig. Note

Current Transfer Ratio

CTR*
6N135 7 18 %

If- 16mA. Vo - 0.4V. Vcc = 4.5V
TA = 25°C

1.2 5

6N136 19 24 %
HCPL-2502 15 22 %

CTR
6N135 5 13 %

IF = 16mA, Vo - 0.5V, Vcc - 4.5V6N136 15 21 %

Logic Low
Output Voltago VOL

6N135 0.1 0.4 V 1 f - 16mA, Irj - 1 .1 mA. Vcc " 4 -5V

6N136
HCPL-2502

0.1 0,4 V
If - 16mA, l - 2.4mA, Vcc - 4.5V

Logic High

Output Current

OM*
3 500 nA lp - OmA, V -Vcc - 5.5V,

TA -25°C 6

0.1 100 uA l F - 0mA. V -

V

CC -'5V
TA - 25°C

!OH 250 «A lF"OmA,Vo-Vcc"'5V

Logic Low
Supply Current 'CCL 40 uA IF - 16mA, Vo- Open, Vcc - 15V

Logic High

Supply Currant

'cch" 0.02 1 "A
IF = OmA, Vo - Open, Vqc ' 15V
TA = 25°C

'CCH 2 "A lp = OmA. V - Open, VCC = 15V

Input Forward Voltage vF
-

1.5 1.7 V lF-16mA,TA - 25'

C

3

Temperature Coefficient

of Forward Voltage

avF
Al A

-1.6 mV/°C IF -16mA

Input Reverse

Breakdown Voltage
BVR

- 5 V l R = 10«A, TA -25°C

Input Capacitance C|N 60 pF f-1MHj, Vp-0
Input-Output Insulation

Leakage Current
ii-o* 1.0 MA 45% Relative Humidity, t = 5s

V|_o = 3000Vdc, TA - 2S°C
6

Resistance

{Input-Outputl Ri-O 10'2 V^o - 500Vdc 6

Capacitance

(Input-Output) Cl-O pF f = 1MHz 60.6

Transistor DC
Current Gain

hFE 176 - Vo = 5V, l - 3mA

Switching Specifications at T.=25°c

"All typlcals at TA - 25°C.

Vcc - 5V, lp = 16mA, unless otherwise specified.

Parameter Sym. Device Min. Typ. Max. Units Ten Conditions Fig. Note

j
Propagation Delay

Time To Logic Low
at Output

tPHL*

6NI35 0.5 1.6 MS R L -4.1kfl

6,9 8,96N136
HCPL-2502

0.2 0.8 us Ri.-t.9ka

Propagation Delay

Time To Logic High

at Output
<PLH*

6N135 0.4 1.5 "S R|_-4.1kn

6.9 8,9
6N136
HCPL-2502

0.3 0.8 us Rl.-1.9kn

Common Mode Tran-

sient Immunity et Logic

High Level Output

CMH
6N135 1000 V/hs lp- OmA, Vcm lOVp-p, R L - 4.1KO

10 7,8,9
6N136
HCPL-2502

1000 V/us iF -omA. vCm - ioVp.p. rl= i.9i<n

Common Mode Tran-

sient Immunity et Logic

Low Level Output

CML

6N135 -1000 V/us VcM-10Vp-p.RL-4.1kn
10 7.8.96N136

HCPL-2502
-1000 V/us VCM-10Vp.p.R L -1.9kn

Bandwidth BW 2 MHZ Rl- ioosj 8 10

NOTES:
1

.

Derate linearly above 70"C f-ee-eir temperature a: a -ato ol 0.8mA/*C.
2. Derate llnea'ly above 70°C free-air temperature ai a rate of ^.BrnAfC.
3. Derate linearly abovt 70°C ftee-air ternoereiufe ot a fate o( 0.9mW^C.
s. Derate linearly abovt 70

BC <'ee-air temperature ai a raia ot 2.0mW/"C.
5. CURRENT TRANSFER RATIO is defined at tha faro of output collector

currant. \q, to tha forward LED Inpotcurrent. lp, timet 100%.
6. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted

:ogeth«r and Pins 6. 6. 7. and 8 shorted together.

7. Common mod* transient immunity in Logic High level is the maximum
tolerable {positive) dV^/dl on the leading edge of the common mode

pulse Vcm. w assure that the output will remain In a Logic High state

(,!.•.. Vo > 2.0VJ. Common mode transient Immunity in Logic Low
level Is the maximum tolerable (negative) aVrjw'a: on the trailing

edge of the common mode oulse signal. VcM- to assure that the output
will remain in • Look Low state (i.e.. Vo < 0.8V).

B. The 1 SkSl load represents 1 TTL unit >oad of 1 J5mA ano the =.6 <: : pull-up resistor.

9. The*.li»n load tpresentl 1 LSTTL uml load of 0.36mA and 6.1 kft pull-up resistor.

10. The 'reoutnev at which the ac output voltage s 3dB below the low frequency atymptote,

•JEDEC Registered Data.
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Figure 1. DC and Pulsed Transfer Characteristics.
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HEWLETT
PACKARD

DUAL HIGH SPEED

OPTOCOUPLER

HCPL-2530

HCPL-2531

9.M (.390)

A .AA A
OUTLINE DRAWING

TYPE
NUMBER

LMLB® 6601351

.1
T

Features

• HIGH SPEED: 1 Mbit/s

• TTL COMPATIBLE
• HIGH COMMON MODE TRANSIENT IMMUNITY:
>1000V/|J8

• HIGH DENSITY PACKAGING
• 3000 Vdc WITHSTAND TEST VOLTAGE
• 3 MHz BANDWIDTH
• OPEN COLLECTOR OUTPUTS
• RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

TECHNICAL DATA MARCH 1980

i
SCHEMATIC

Applications

Line Receivers - High common mode transient immunity

|>1000V/ys) and low input-output capacitance (0.6pF).

High Speed Logic Ground Isolation — TTL/TTL, TTL/

LTTL, TTL/CMOS, TTL/LSTTL.

Replace Pulse Transformers — Save board space and weight.

Analog Signal Ground Isolation - Integrated photon de-

tector provides improved linearity over phototransistor type.

Polarity Sensing.

Isolated Analog Amplifier - Dual channel packaging en-.

hances thermal tracking. I

Description Absolute Maximum Ratings
The HCPL-2530/31 dual couplers contain a pair of light emit- Storage Temperature -55°C to +125°C

ting diodes and integrated photon detectors with 3000V dc Operating Temperature -55°C to +100°C

electrical insulation between input and output. Separate con- Lead Solder Temperature 260°C for 10s

nection for the photodiode bias and output transistor collec-
(1 -6mm below seatin 9 P |ane >

tors improve the speed up to a hundred times that of a conven-
Avera9e lnPut Current " I

s ,each cnannel) 25mA
1

tional phototransistor coupler by reducing the base-collector
Peak lnput Current " l' (TK

°
h",

'

,

' 1
,

5°m
-ih(50% duty cycle, 1 ms pulse width)

Peak Transient Input Current — lp (each channel) .... 1.0 A
The HCPL-2530 is suitable for use in TTL/CMOS, TTL/LSTTL «1/« pulse width, 300pps)

or wide bandwidth analog applications. Current transfer ratio Reverse Input Voltage - VR (each channel) 5V

(CTR) for the -2530 is 7% minimum at l F
= 16 mA. Input Power Dissipation (each channel) 45mWf3l

Average Output Current - Iq (each channel) 8mA
The HCPL-2531 is suitable for high speed TTL/TTL applies- Peak Output Current - l (each channel) 16mA
tions. A standard 16 mA TTL sink current through the input Supply and Output Voltage - VCc (Pin 8-5), V (Pin 7,6-5)

LED will provide enough output current for 1 TTL load and a -0.5V to 15V
5.6kn pull-up resistor. CTR of the -2531 is 19% minimum at Output Power Dissipation (each channel) SSmWi-*!
l F = 16mA.

See notes, following page.
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Electrical Specifications
Over recommended temperature (TA = 0°C to 70°C) unless otherwise specified

Parameter Sym.
Device
HCPL- Min. Typ." Max. Units Test Conditions Fig. Not.

Current Transfer Ratio CTR

2530 7 18 % lp - 16mA. V " 0.5V, Vcc " *-5V

TA -25°C
1.2 5,6

2531 19 24 %
2530 5 13 %

I F = 16m A, V - 0.5V. Vcc = 4.5V2531 15 21 %

Logic Low
Output Voltage

V0L

2530 0.1 0.5 V lp - 16mA, l » 1.1mA, VCC "4.5V.

TA = 25°C
52531 0.1 0.5 V IF- 16mA, l - 2.4mA, VCc tBV,

TA «25°C

Logic High

Output Current •oh

3 500 nA
Ta = 28°C,Ifi*I F2 = 0,

V 1 - V0Z - Vcc -5.5V
6 5

250 uA 'F1 -IF2-0.
Vol -V02 . Vcc = 5.5V

5

Logic Low
Supply Current 'CCL 80 uA 'F1 " 'F2" 16mA

v01 ' V02 " Open, Vcc - 15V

Logic High

Supply Current 'CCH 0.05 4 uA lF1 -lF2°°rnA
v01 " V02 " Open. VCc - 15V

Input Forward Voltage VF 1.5 1.7 V IF = 16mA,TA = 25°C 3 5

Temperature Coefficient

of Forward Voltage

AVp
ATA

-1.6 mV/°C lF= 16mA 5

Input Reverse

Breakdown Voltage
VR 5 V lF =10»iA.TA = 2S°C 5

Input Capacitance C|N 60 pF f=1MHz,Vp = 5

Input -Output

Insulation Leakage

Current
'l-O 1.0 "A 45% Relative Humidity, t = 5 s

V|_q - 3000Vdc, TA - 25°C
7

Resistance

(Input-Output) f»i-o 1012 n V|_o - 500Vdc 7

Capacitance

( Input-Output)
C|-0 0.6 pF f=1MHz 7

Input-input Insulation

Leakage Currant 'l-l 0.005 fA
45% Relative Humidity, t = 5 s

V|.| - 500Vdc 8

Resistance (Input-Input) R|.| 10" n V,_| - SOOVdc 8
Capacitance

(Input-Input)
C|-l 0.25 pF f-1MHi 8

i Switching Specifications at TA=25°c v*-^-^^**^*^?"**"*'
Parameter Sym.

Device

HCPL-
Min. Typ. Max. Units Test Conditions Fig. Note

Propagation Delay

Time To Logic Low
at Output

'PHL

2S30 0.3 1.5 H* Rl.-4.1kn

5.9 10,11
2531 0.2 0.8 us RL -1.9Ml

Propagation Delay

Time to Logic High

at Output
'PLH

2530 0.4 1.6 US R L -4.1kI5

5.9 10.11

2531 0.3 0.8 « R L -1.9kn

Common Mode Tran-

sient Immunity at Logic

High Level Output

CMH
2530 1000 V/us lF =0mA.RL-4.1 kfi,VcM=10Vp.p

10 9,10.11

2531 1000 V/us l F=0mA.R L=1.9kn,VCM"10Vp.p
Common Mode Tran-

sient Immunity at Logic

Low Level Output

CML

2530 -1000 V/us VcM-IOVp^. RL = 4.1k«

10 9,10,11

2531 -1000 V/ms VCM -10V
pi>.RL=1.9kn

Bandwidth 8W 3 MHz RL -ioon 8 12

1

.

Derate linearly above 70"C frae-alr temperature at a rate at O.BmATC.
2. Dec#it llnaerly abort ?0"Cf«i-iifWinD9rature 8i a rate of 1.6mA/*C.
3. Dnai- linearly above 70'C (weir temperature o% a 'ate of O.BtnWrC.
4. Derate "nearly above 70'C liae-alr temperature at a rate of l.OmWf C.
5. Each channel.

6. CURRENT TRANSFER RAT lO U aaf.nad M the -atio o( output collector
current. I . to the forward LED input current, lp. tone* 100%.

7. Dev^contadefedatwo-tem-irtaf dev<e: Pint 1,2. 3, a"d4 •rio.ted

togethet and Pint 5, 6, J. end B aVuied together.

B. Measured between plni 1 and 2 aborted together, and pint 3 and 4
(honed togethei.

9. Common mode trance"! Immunity in Logic High level it the maximum
tolerable (pouiivel dVcv/dt on die leading edge o' me common mod*
pulta Vcm. to aaaure that the output v*ai remain in a Logic High Rate
ti.«.. V*o > 2.0VI. Common mode transient Immunity In Logic Low
leva a ne meiimum tolerable (negative) OVcM/dl on the (raiting

edge of the common mod* pulaa a>gnal. Vet*. :o anu>* diet the output
w«l remain in a Logic Low Maw (i*. Vo< OflV).

ta i-o tSWi ata np-«««ii ) TTL unit load of limA ana the BBkn
pull-up (alitor.

51

11. The 4,1kfl load represent.- 1 LSTTL unit

load of fUflmAnrd 6.1 kfi PUU-up 'Bsiator.

12. Tha f 'ocjb-cv at which the ac output

voltage it 3dB below the low
frequency acymptota.
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m HEWLETT
PACKARD

LSTTL/TTL
COMPATIBLE

OPTOCOUPLER
6N137

TECHNICAL DATA MARCH 1980

TRUTH TABLE
{Positive Logic!

ItOut Enable Cutsui

H H L !

I H H
,

H L H
L t M |

More
A.01 wO.lyF BYPASS CAPACITOR IVUST BE
CO\'\ < Z'fO BETWEEN PINS I AND 5

Features
Figura 1.

• LSTTL/TTL COMPATIBLE: 5V SUPPLY
• ULTRA HIGH SPEED
• LOW INPUT CURRENT REQUIRED
• HIGH COMMON MODE REJECTION
• GUARANTEED PERFORMANCE OVER
TEMPERATURE

• RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

• 3000 Vdc WITHSTAND TEST VOLTAGE

Description Applications
The 6N137 consists of a GaAsP photon emitting diode

and a unique integrated detector. The photons are collected

in the detector by a photodlode and then amplified by a high

gain linear amplifier that drives a Schottky clamped open
collector output transistor. The circuit is temperature,

current and voltage compensated.

This unique isolator design provides maximum DC and AC
circuit isolation between input and -output while achieving
LSTTL/TTL circuit compatibility. The isolator operational

parameters are guaranteed from 0°C to 70°C, such that a

minimum input current of 5mA will sink an eight gate fan-out

(13mA) at the output with 5 volt Vcc applied to the detector.

This isolation and coupling is achieved with a typical

propagation delay of 45ns. The enable input provides
gating of..the detector with Input sinking and sourcing
requirements compatible with LSTTL/TTL interfacing and a
propagation delay of 25ns typical.

The 6N137 can be used in high speed digital interfacing

applications where common mode signals must be rejected,

such as for a line receiver and digital programming of floating

power supplies, motors, and other machine control systems.

The elimination of ground loops can be accomplished
in system interfaces such as between a computer and a

peripheral memory, printer, controller, etc.

The open collector output provides capability for bussing,

OR'ing and strobing.

OUTLINE DRAWING-
._ 9.«0I.370>

fc
950 1390)

h10 ;6N1 37
£XXRJ.

TVPE
Lnumoeb

!
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3.83 IMS Ut.V DlMtriSti>KSlKMlU.I»£TflESAN0

0G51MSJ_| (

MAX.

4.70 MM) WAX.

ANODEE

E
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Recommended Operating
^UMUILIUMS Sym. Mln. Max, Units

Input Current, Low Level

Each Channel
Irt 250 PA

Input Current, High Level

Eacrt Channel
llH 6.3" 16 mA

High Level Enable Voltage Vkh 2.0 Vcc V

Low Level Enable Voltage

(Output High)
Vbi. 0.8 V

Supply Voltage, Output Vcc 4.5 55 V

Fan Out
(TTL Load)

N 8

Operating Temperatjre Tx 70 "C

Absolute Maximum Ratings'
(No derating required up to 70°C)

Storage Temperature -55°Cto+125°C
Operating Temperature 0°Cto^70°C
Lead Solder Temperature 260°C for 10s

(1,6mm below seating plane)
Peak Forward Input

Current 40mA :1< 1msec Duration

Average Forward Input Current 20mA
Reverse Input Voltage 5V
Enable Input Voltage 5.5V

(Not to exceed Vcc by more than 500mV)
Supply Voltage- Vcc 7V(1 Minute Maximum)
Output Current- lo 50mA
Output Collector Power Dissipation 85mW
Output Voltage - Vo 7V

**6.3mA condition permits at least 20% CTR degradation
guardband. Initial switching threshold is 5mA or less.

'JEDEC Registered Data.
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Electrical Characteristics
OVER RECOMMENDED TEMPERATURE (TA = 0°C TO 70°C) UNLESS OTHERWISE NOTED

Parameter Symbol Min. Typ." Max. Units Test Conditions Figure Note

High Level Output Current Ioh' 50 250 M VCc=5.5V, V =5.5V,

If=250mA. VE=2.0V
6

Low Level Output Voltage Vol* 0.5 0.6 V VCC»5.5V, lF =5mA,
VEH=2.0V
Iol (Sinking) =13mA

3,5

High Level Enable Current Ieh -1.0 mA Vcc=5.5V. VE=2.0V
Low Level Enable Current 'el' -1.6 -:'.o mA Vcc=5.5V, VE=0.5V
High Level Supply Current

'CCH* 7 15 mA VCC=5.5V, lF=0

VE =0.5V
Low Level Supply 'CCL* 13 18 mA VCC =5.5V, lF=10mA

VE=0.5V

Input-Output Insulation

Leakage Current

l|-0* 1.0 u.A Relative Humidity=45%

TA=25°C,t=5s

V,.o=3000Vdc

5

Resistance (Input-Output) "i-o 10'2 n V|_o =500V,TA=25°C 5
Capacitance (Input-Output] Q-0 0.6 pF f=1MH2,TA =25°C 5
Input Forward Voltage Vf* 1.5 1.75 V l F =10mA, TA=25°C 4 8

Input Reverse Breakdown

Voltage
bvr

"
5 V Ir=10uA, TA=25°C

Input Capacitance CIN 60 pF VF =0, f'IMHz
Current Transfer Ratio CTR 700 % lF =5.0mA, RL=100n 2 7

••All typical values are at Vrjc = 5V, TA - 25-C

Switching Characteristics at TA=25°C ,vcc 5V

P

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure Note

Propagation Delay Time to

. High Output Level

tPLH* 45 75 ns RL=350S2, CL=15pF,
lF =7.5mA

7.9 1

F Propagation Delay Time to

Low Output Level

tPHL* 45 75 ns RL=350n,CL =15pF,
lF =7.5mA

7.9 2

Output Rise-Fall Time
(10-90%)

tr, tf 25 ns RL=350n, CL=15pF,

l F =7.5mA

Propagation Delay Time of

Enable from VEH to VEL
«ELH 25 ns RL=350rj. CL=15pF,

l F =7.5mA. VEH =3.0V,
VEL =0.5V

8 3

Propagation Delay Time of

Enable from VEL to VEH
*EHL 15 ns RL»350n,CL=15pF,

l F ^7.5mA VEH =3.0V,
VEL 0.5V

8 4

Common Mode Transient

Immunity at Logic High

Output Level

CMH 50 v/us vCM --iov RL =350n,
V (mln.)=2V, lF=0mA

11 6

j

Common Mode Transient

Immunity at Logic Low
Output Level

CML -150 v/us VCM =10V RL-350n,
V (max.)=0.8V,

l F =5mA

11 6

•JEDEC Registered Data.

55



Operating Procedures and Definitions

Logic Convention. The 6N137 is defined in terms of positive

logic.

Bypassing. A ceramic capacitor (.01 to O.I^F) should be con-

nected from pin 8 to pin 5 (Figure 1 2). Its purpose is to stab-

ilize the operation of the high gain linear amplifier. Failure to

provide the bypassing may impair the switching properties. The

total lead length between capacitor and coupler should not ex-

ceed 20mm.
Polarities. All voltages are referenced to network ground (pin

5). Current flowing toward a terminal is considered positive.

Enable Input. No external pull-up required for a logic (1). i.e.,

can be open circuit.

£_*«'"
,*' :

«*
*>'** "?*>£,

--" .*,-*
L.-*"1

rA * Z5°C :
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>' •*"
"
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Noie: Dashed characteristics — denote pulsed operation only.
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Figure 2. Optocoupler Collector Characteristics.
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Figure 3. Input-Output Characteristics.

NOTES:
1

.

The tpi,H propagation delay is measured from the 3 75mA point on the trailing

edge of the input pulse to the 1 ,5V point on the trailing edge ol the output pulse.

2. The tun propagation delay is measured from the 3.75mA point on the leading

edge of the input pulse to V5V point on the leading edge of the output pulse.

3. The tp.LH enable propagation delay is measured from the 1.5V point of the trailing

edge of the input pulse to the 1 .5V point on the trailing edge of the output pulse,
j

A. The tnm. enable propagation delay is measured from the 1.5V point on the

leading edge of the Input pulse to the 1.5V point on the leading edge of the

output pulse.

5. Device considered a two terminal device: pins 2 and 3 shorted together, and

pins 5, 6. 7. and 8 shorted together.

6. Common mode transient immunity in Logic High level is the maximum tolerable

(positive) dVcst'dt on the leading edge of the common mode pulse. Vcm. to

assure that the output will remain In a Logic High state (i.e . Vo>2 0V). Common
mode transient immunity in Logic Low level is the maximum tolerable

(negative) dVc\i/dt on the trailing edge of the common mode pulse signal. Vcm.

to assure that the output will remain in a Logic Low state (I.e.. Vo<0.8V).

7. DC Current Transfer Ratio Is defined as the ratio of the output collector current

to the forward bia3 input current times 100%-

8. At 10mA Vf decreases with Increasing temperature at the rate of l.6mV/*C.
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Figure 4. Input Diode Forward Characteristic.
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, HEWLETT
'HM PACKARD

HIGH CMR, HIGH SPEED
OPTOCOUPLER

HCPL-2601

TECHNICAL DATA MARCH 1980 i

A0.01 TO 0.1 uF BYPASS CAPACITOR
MUST BE CONNECTED BETWEEN
PINS 8 AND 5 (S«f Noll II.

Figure 1. Schematic.

I^IITII Ennbl? Output

II H L

L H H
H L H

L L H

Features
• INTERNAL SHIELD FOR HIGH COMMON
MODE REJECTION (CMR)

• HIGH SPEED
• GUARANTEED MINIMUM COMMON MODE

TRANSIENT IMMUNITY: 1 OOOV/'ns

• LSTTL/TTL COMPATIBLE
• LOW INPUT CURRENT REQUIRED: 5mA
• GUARANTEED PERFORMANCE OVER TEM-

PERATURE: 0°C to 70°C
• STROBABLE OUTPUT
• RECOGNIZED UNDER THE COMPONENT

PROGRAM OF UNDERWRITERS LABORA-
TORIES, INC. (FILE NO. E55361)

• 3000 Vdc WITHSTAND TEST VOLTAGE

Description
The HCPL-2601 optically coupled gate combines a GaAsP
light emitting diode and an integrated high gain photon

detector. An enable input allows the detector to be

strobed. The output of the detector I.e. is an open
collector Schottky clamped transistor. The internal shield

provides a guaranteed common mode transient immunity

specification of 1000volts/jisec. equivalent to rejecting a

300 volt P-P sinusoid at 1 MHz.

This unique design provides maximum D.C. and A.C.

circuit isolation while achieving TTL compatibility. The
isolator D.C. operational parameters are guaranteed from

0°C to 70° C allowing troublefree system performance.

This isolation is achieved with a typical propagation delay

of 35 nsec.

The HCPL-2601 's are suitable for high speed logic

Interfacing, input/output buffering, as line receivers in

environments that conventional line receivers cannot

tolerate and are recommended for use In extremely high

ground or induced noise environments.

Applications
• Isolated Line Receiver

• Simplex/Multiplex Data Transmission

• Computer-Peripheral Interface

• Microprocessor System Interface

• Digital Isolation for A/D, D/A Conversion
• Switching Power Supply
• Instrument Input/Output Isolation

• Ground Loop Elimination

• Pulse Transformer Replacement

Recommended Operating

Lonaraons Sym. Mln. Max. Units

Input Current, Low Level Ifi 250 «A

Input Current, High Level Ini 6.3" 15 mA

Supply Voltage, Output Vcc 4.5 5.5 V

High Level Enable Voltage VflH 2.0 Vcc- V

Low Level Enable Voltage V|iL O.S V

Fan Out (TTL Load) N 8

Operating Temperature Ta 70 °c

Absolute Maximum Ratings
(No Derating Required up to 70°C)
Storage Temperature -55°Cto+125°C
Operating Temperature 0°Cto+70°C
Lead Solder Temperature 260°Cfor10S

(1.6mm below seating plane)

Forward Input Current - If (see Note 2) 20mA
Reverse Input Voltage 5 V
Supply Voltage- Vcc TV (1 Minute Maximum)
Enable Input Voltage- Ve 5.5 V

(Not to exceed Vcc by more than 500 mV)
OutputCollectorCurrent-lo 25mA
Output Collector Power Dissipation 40mW
Output Collector Voltage -Vo 7V

*

•6.3mA condition permits at least 20% CTR degradation guardband. Initial switching threshold Is 5mA or less
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Electrical Characteristics
(Over Recommended Temperature, TA • 0°Cto +70°C, Unless Otherwise Noted)

Parameter Symbol Min. Typ.' Max. Units Test Conditions Figure Note

k

High Level Output Current IOH 7 250 ^ Vcc = 5.5V, Vo = 5.5V,

If = 250 /»A, Ve = 2.0 V
2

1 Low Level Output Voltage Vol 0.4 0.6 V Vcc = 5.5V, l F = 5 mA
VE = 2.0 V,

lot. (Sinking) = 13 mA

3,5

High Level Supply Current I.CCH 10 15 mA Vcc = 5.5V, If = 0,

Ve = 0.5 V

Low Level Supply Current ICCL 15 18 mA Vcc = 5.5V, If = 10 mA,
Ve = 0.5 V

Low Level Enable Current Iel -1.6 -2.0 mA Vcc = 5.5 V, Ve = 0.5 V
High Level Enable Current (eh -1.0 mA Vcc - 5.5 V, VE 2.0V

High Level Enable Voltage Veh 2.0 V 11

Low Level Enable Voltage Vel 0.8 V

Input Forward Voltage Vf 1.5 1.75 V If = 10 mA, TA = 25°C 4

Input Reverse Breakdown
Voltage

BVr 5 V U = 10 MA, TA = 25°C

Input Capacitance Cm 60 PF V F = 0, f = 1 MHz
Input Diode Temperature

Coefficient

AVf
ATa

-1.6 mWC If = 10 mA

Input-Output Insulation

Leakage Current
ll-O 1 pA Relative Humidity = 45%

TA = 25°C, t = 5s,

Vi-o = 3000 Vdc

3

Resistance (Input-Output) Ri-o 10
,J

n V|-o = 500 V 3

Capacitance (Input-Output) Ci-o 0.6 PF f = 1 MHz 3

•All typical v«lu«s are ai Vcc 5V, TA 25°C.

Switching Characteristics (Ta - 2 5°c, vcc - svi

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure Note

1

Propagation Delay Time to

High Output level

tpLH 35 75 ns

Rl = 350

CL =15pF

If = 7.5 mA

6 4

Propagation Delay Time to

Low Output Level

tpHL 35 75 ns 6 5

Output Rise Time (10-90%) t: 25 ns

Output Fall Time (90-10%) tf 15 ns

Propagation Delay Time of

Enable from Veh to Vel
tEjLH 25 ns Ri = 350 ft, Cl = 15 pF,

li- = 7.5mA,V KH = 3 V.

Vel = 0V

9 6

Propagation Delay Time of

Enable from Vel to Veh
tEHL 15 ns Rl = 350 11, Cl = 15 pF,

If = 7.5 mA, Veh = 3 V,

Vet = V

9 7

Common Mode
Transient Immunity
at High Output Level

CMh 1000 10,000 V/Ms Vcm = 50 V (peak),

Vo (min.) = 2 V,

Rl = 350 a, lF = mA

12 8,10

Common Mode
Transient Immunity

at Low Output Level

CMl -1000 -10,000 V/^s VCM = 50 V (peak),

Vo (max.) = 0.8 V,

Rl = 350 ft If = 7.5 mA

12 9,10
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NOTES:
V Bypassing of the power supply line is required, with a 0.01 ^F ceramic

disc capacitor adjacent to each isolator as illustrated in Figure 15. The

power supply bus for the Isolators} should be separate from the bus lor

any active loads, otherwise a larger value of bypass capacitor (up to 0.

1

»iF) may be needed to suppress regenerative feedback via the power

supply.

2 Peaking circuits may produce transient input currents up to 50 mA. 50

ns maximum pulse width, provided average current does not exceed 20

mA.

3. Device considered a two terminal device: pins 1, 2. 3 and 4 shorted

together, and pins 5, 6, 7 and 8 shorted together.

4. The tpm propagation delay is measured from the 3.75 mA point on the

trailing edge o' the Input pulse to the 1.5 V point on the trailing edge of

the output pulse.

5. The tpHL propagation delay is measured from the 3.75 mA point on the

leading edge of the input pulse to the 1.5V point on the leading edge of

the output pulse.

6. The Iflh enable propagation delay is measured from the 1.5 V point on

the trailing edge of the enable input pulse to the 1.5 V point on the

trailing edge of the output pulse.

7. The ism. enable propagation delay is measured from the 1.5 V point on

the leading edge of the enable input pulse to the 1.5 V point on the

leading edge of the output pulse.

8 CM H is the maximum tolerable rate of rise of the common mode voltage

to assure that the output will remain in a high logic state (i.e., Vot
i

>2.0 V)

9. CMl is the maximum tolerable rate of fall of the common mode voltage

to assure that the output will remain in a low logic state (I.e.. Vol i<0.8

«

V).

10. For sinusoidal voltages. / ktvetfj
- it'cmVcm (p-p)

II. No external pull up Is required tor a high logic state on the enable input.

-P o

v
cc

1

= 55V
- Vg - MV
V
e

- 2.0V

\
1

«*

K

9 I J 3 4 £ 6 70

T. - TEMPERATURE -C

Figure 2. High Level Output Current

vs. Temperature.

Vc- - 5.5V

_VE • 2.0V

1,, 6.0 mA

1 • lifc^p^p?
I„ - 9.6mA

X
• 'o

l„ -6.4mA
"

__i I

-

10 20 30 40 50 60 70

T. - TEMPERATURE - 'C

Figure 3. Low Level Output Voltage

vs. Temperature.

i

O 0.01

.

~

l1

1
i
1
1

'

t'c
—

T. ••

A
l\ r* "i

1.0 1 2 1.4 1.6 1.8 2.0

V, - FORWARD INPUT VOLTAGE - V

Figure 4. Input Diode Forward

Characteristic.

f
. 1 -
VK -6.0V

""!

\
B-

R L -380Q

TA -0-70"C-
ttr-^*A-° -20-C
I

-i 20 30 AC 50 8.0

If - FORWARD INPUT CURRENT - mA

Figure 5. Output Voltage vs. Forward

Input Current.

Ct *

-J-
Ou1|>UI Vg
Mon>IO(tog

NcmM

80 OV -vcc *

70

60 'HM \-' in

50

4D

-
PtH Rl"3»" I

' Vnl
PHL H

BOil-

L-'K

tLB'r"^

»Wi["l-^«-
20 "

1 1

Figure 6. Test Circuit lor t PHL and l,, LH .

10 20 30 40 50

T. • TEMPERATURE -'C

Figure 7. Propagation Delay vs.

Temperature.

60



—I
1

—

VK . 50V
- r. . js-c

plh«i. **«

6 8 10 12 14 16 18 20

I, - PULSE INPUT CURRENT - mA

Figure 8. Propagation Delay vs. Pulse

Input Current.

210

no

190

60

SO

40

30

?o

10

n

--
*,. an

*cC-S ov
_tf _

-r- p ~

£

• ' SmA 1

"t- Ikfl

<

E
3S0P.nL

J" \ -lkf
RL -350t!

H^-M.::

10 20 30 40 50 60 70

TA - TEMPERATURE -'C

Figure 11. Rise, Fall Time vs.

Temperature.

T HmMM| mm

-E

f« Ssog-.
Ci'-pOulpul V

, Monlumg

5 *«
1

- S.0V

V
Ol

* zov -

o*v
- 7.6 mA -
' OmAS 'fl

> I
M

4 Z k
s

""I

SE
;

<

B 7
\

10 20 30 40 50 00 70

TA - TEMPERATURE -"C

Figure 14. Relative Common Mode
Transient Immunity vs.

Temperature.

INPUT
r 3XM

oumrr
Vo

"mil— —I 4i- H—

1.5V

Figure 9. Test Circuit tor tEHL and tELH .

Figure 12. Test Circuit tor Common Mode
Transient Immunity and
Typical Waveforms.

I
I

1
*°

O 50
z
o
S «

O 30
cB
J 20

Va • 5.0 V
v,„ • "v
va -ov
1, 7.8mA

L-r-*TTl
t EtM HL

- 36011^

•eim Bu - <K0

1 |

'B.I r i
-3tan,iiii>. 4kn

10 20 30 40 SO SO 70

TA - TEMPERATURE -'C

Figure 10. Enable Propagation Delay

vs. Temperature.

> 12000
1

1 i

.Vcj • 6.0Vf—
l, M • 75mA

3 lfl -OmA
Vob-'-ov i
v0L -oav -

-RL -36011 -
T. - 2S'C

2

2

Z 6000
<

A

W 4000

o CMt A JDCMo
s

o 200°

s
.

3 qL 1 1
i

* VCM COMMON MODE
TRANSIENT AMPLITUDE - V

Figure 13. Common Mode Transient

Immunity vs. Common
Mode Transient Amplitude.

GNOBUSIBACKI

V^ BUS (FRONT)

<^ ENABLE
(IF USED)

^>

=<= ENABLE
(IF USEDI

Figure 15. Recommended Printed Circuit

Board Layout.

61



m HEWLETT
PACKARD

HIGH CMR
LINE RECEIVER
OPTOCOUPLER

HCPL-2602

TECHNICAL DATA MARCH 1980
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Features Applications
• LINE TERMINATION INCLUDED - NO EXTRA CIRCUITRY
REQUIRED

• ACCEPTS A BROAD RANGE OF DRIVE CONDITIONS

• GUARDBANDED FOR LED DEGRADATION

• LED PROTECTION MINIMIZES LED EFFICIENCY
DEGRADATION

• HIGH SPEED — 10Mb! (LIMITED BY TRANSMISSION LINE

IN MANY APPLICATIONS)

• INTERNAL SHIELD PROVIDES EXCELLENT COMMON
MODE REJECTION

• EXTERNAL BASE LEAD ALLOWS "LED PEAKING" AND
LED CURRENT ADJUSTMENT

• 3000 Vdc WITHSTAND TEST VOLTAGE

• RECOGNIZED UNDER THE COMPONENT PROGRAM OF
UNDERWRITERS LABORATORIES, INC. (FILE NO. E5S361)

• Isolated Line Receiver

• Simplex/Multiplex Data Transmission

• Computer-Peripheral Interlace

• Microprocessor System Interlace

• Digital Isolation for A/D, D/A Conversion

• Current Sensing

• Instrument Input/Output Isolation

• Ground Loop Elimination

• Pulse Transformer Replacement

Description
The HCPL-2602 optically coupled line receiver combines a GaAsP light emitting diode, an input current regulator and an

integrated high gain photon detector. The Input regulator serves as a line termination for line receiver applications. It

clamps the line voltage and regulates the LED current so line reflections do not interfere with circuit performance.

The regulator allows a typical LED current of 8.5 mA before It starts to shunt excess current. The output of the detector IC

is an open collector Schottky clamped transistor. An enable Input gates the detector. The internal detector shield

provides a guaranteed common mode transient immunity specification of lOOOV/psec, equivalent to rejecting a 300V P-P

sinusoid at 1 MHz.

DC specifications are defined similar to TTL logic and are guaranteed from 0°C to 70°C allowing trouble free interlacing

with digital logic circuits. An input current of 5 mA will sink an eight gate fan-out (TTL) at the output with a typical

propagation delay from input to output of only 45 nsec.

The HCPL-2602's are useful as line receivers in high noise environments that conventional line receivers cannot tolerate.

The higher LED threshold voltage provides improved immunity to differential noise and the internally shielded detector

provides orders of magnitude improvement in common mode rejection with little or no sacrifice In speed.
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Electrical Characteristics
Over Recommended Temperature, TA = 0°C to +70T, Unless Otherw se Noted)

Parameter Symbol Min. Typ.* Max. Units Test Conditions Figure Note

High Level Output Current 'oh 7 250 JiA VCC 5.5V, V 5.5V

I|=250mA, VE=2.0V

4

Low Level Output Voltage Vol 0.4 0.6 V VCC=5.5V, l|=5mA

VE=2.0V.

lot (Sinking)=13mA

2,5 2

Input Voltage V, 2.0 2.4 V l|=5 mA 3

2.3 2.7 t|=60mA 3

Input Reverse Voltage Vr 0.75 0.95 V Ir=5 mA

Low Level Enable Current 'el -1.6 -2.0 mA VCC=5.5V, VE=0.5V

High Level Enable Current Ieh -1.0 mA VCC=5.5V, VE=2.0V

High Level Enable Voltage Veh ZO V 11

Low Level Enable Voltage Vel 0.8 V

High Level Supply Current <CCH 10 15 mA VCC=5.5V. I,=0,

VE=0.5V

Low Level Supply Current Iccl 16 19 mA VCC=5.5V, l
t
-60 mA

VE=0.5V

Input Capacitance C|N 90 pF V|=0,f-1 MHz,
(PIN 2-3)

Input-Output Insulation

Leakage Current

Ik> 1 UA Relative Humidity=45%

TA=25°C. f 5 s,

V k0 =3000Vdc

3

Resistance (Input-Output) Ri-o 10'2 a V|_o =500V 3

Capacitance (Input-Output) Cl-O 0.6 pF f=1 MHz 3

All typical values are at Vrjc " 5V , To, - 25° C.

Switching Characteristics
TA - 25°C. Vcc = 5V)

•

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure Note

Propagation Delay Time to

High Output Level

tpLH 45 75 ns 6 4

Propagation Delay Time to

Low Output Level

lPHL 45 75 ns
R L = 350Ji

CL = 15 pF
6 5

Output Rise Time (10-90%) «r 25 ns
[[
= /.o rnf\

Output Fall Time (90-10%) tf 15 ns

Propagation Delay Time of

Enable from VEn to VE |_

lELH 25 ns 'R L=350n, CL»15pF,

l,=7.5mA, VEH=3V,
VEL =0 V

10 6

Propagation Delay Time of

Enable from VE |_ to VEn

lEHL 15 ns 10 7

Common Mode

Transient Immunity

at High Output Level

CMH 1000 10.000 V/us VCM=50 V (peak),

V (min.)=2V.

RL=350n, h=0 mA

12 8

Common Mode

Transient Immunity

at Low Output Level

CML -1000 -10,000 V/ms VCM=50 V (peak),

V (max>0.8 V.

R L=350f2, l|-7.5mA

12 9
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Using the HCPL-2602
Line Receiver Optocoupler
The primary objectives to fulfill when connecting an
optocoupler to a transmission line are to provide a

minimum, but not excessive, LED current and to properly
terminate the line. The internal regulator in the HCPL-
2602 simplifies this task. Excess current from variable

drive conditions such as line length variations, line driver

differences and power supply fluctuations are shunted by
the regulator. In fact, with the LED current regulated, the
line current can be increased to improve the immunity of

the system to differential-mode-noise and to enhance the

data rate capability. The designer must keep in mird the
60 mA input current maximum rating of the HCPL-2602,
in such cases, and may need to use series limiting or

shunting to prevent overstress.

Design of the termination circuit is also simplified; in most
cases the transmission line can simply be connected
directly to the input terminals of the HCPL-2602 without
the need for additional series or shunt resistors. If

reversing line drive is used it may be desirable to use two
HCPL-2602's, or an external Schottky diode to optimize

data rate.

Polarity Non- Reversing Drive
High data rates can be obtained with the HCPL-2602 with

polarity non-reversing drive. Figure (a) illustrates how a

74S140 line driver can be used with the HCPL-2602 and
shielded, twisted pair or coax cable without any additional

components. There are some reflections due to the "active

termination" but they do not interfere with circuit

performance because the regulator clamps the line

voltage. At longer line lengths tpLH increases faster than

tPHL since the switching threshold is not exactly halfway

between asymptotic line conditions. If optimum data rate

is desired, a series resistor and peaking capacitor can be
used to equalize tp|_n and tpHi_- ' n general, the peaking
capacitance should be as large as possible; however, if it is

too large it may keep the regulator from achieving turn-off

during the negative (or zero) excursions of the input

signal. A safe rule:

make C>S16t
where C = peaking capacitance in picofarads

t = data bit interval in nanoseconds

Polarity Reversing Drive
A single HCPL-2602 can also be used with polarity

reversing drive {Figure b). Current reversal is obtained by
way of the substrate isolation diode (substrate to

collector). Some reduction of data rate occurs, however,
because the substrate diode stores charge, which must be
removed when the current changes to the forward

direction. The effect of this is a longer tPHL . This effect can

be eliminated and data rate Improved considerably by use

of a Schottky diode on the input of the HCPL-2602.

For optimum noise rejection as well as balanced delays a

split-phase termination should be used along with a flip-

flop at the output (Figure c). The result of current reversal

in split-phase operation is seen in Figure (c) with switches

A and B both OPEN. The coupler inputs are then con-

nected in ANTI-SERIES; however, because of the higher

steady-state termination voltage, in comparison to the

single HCPL-2602 termination, the forward current in

the substrate diode is lower and consequently there

is less junction charge to deal with when switching.

Closing switch B with A open is done mainly to enhance
common mode rejection, but also reduces propagation

delay slightly because line-to-line capacitance offers a

slight peaking effect. With switches A and B both

CLOSED, the shield acts as a current return path which

prevents either input substrate diode from becoming
reversed biased. Thus the data rate is optimized as shown
in Figure (c).

improved Noise Rejection
Use of additional logic at the output of two HCPL-2602's
operated in the split phase termination, will greatly

improve system noise rejection in addition to balancing

propagation delays as discussed earlier.

A NAND flip-flop offers infinite common mode rejection

(CMR) for NEGATIVELYsloped common mode transients

but requires tpHi_>tpi_H 'or proper operation. A NOR flip-

flop has infinite CMR for POSITIVELY sloped transients

but requires tpm_ < tpLH *or proper operation. An
exclusive-OR flip-flop has infinite CMR for common mode
transients of EITHER polarity and operates with either

•

PHL >,PLH or tPHL <I PLH

With the line driver and transmission line shown in Figure

(c), tpH |_> tp L n, so NAND gates are preferred in the R-S
flip-flop. A higher drive amplitude or different circuit

configuration could make tpHL<lpLH. in which case NOR
gates would be preferred. If it is not known whether tPH i_>

'PLH or •phl'-'plh- or if the drive conditions may vary over

the boundary for these conditions, the exclusive-OR flip-

flop of Figure (d) should be used.

RS-422 and RS-423
Line drivers designed for RS-422 and RS-423 generally

provide adequate voltage and current for operating the

HCPL-2602. Most drivers also have characteristics

allowing the HCPL-2602 to be connected directly to the

driver terminals. Worst case drive conditions, however,
would require current shunting to prevent overstress of

the HCPL-2602.

*
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Recommended Operating
Conditions

Sym. Mln. Max. Units

Input Current. Low Level I.L 250 kA

Input Current. High Level llH 5 60 mA

Supply Voltage. Output V« 45 5.5 V

High Level Enable Voltage Veh 2.0 Vcc V

Low Level Enable Voltage v tl .
0.8 V

Fan Out (TTL Load) N 8

Operating Temperature ..': T, 70 •c

Absolute Maximum Ratings
Storage Temperature -55°Cto+125°C
Operating Temperature 0°Cto^70cC
Lead Solder Temperature 260°Cfor10s

(1.6mm below seating plane)

Forward Input Current — 1| 60 mA
Reverse Input Current 60 mA
Supply Voltage- Vcc 7V (1 Minute Maximum)
Enable Input Voltage -V E 5.5 V

(Not to exceed Vcc by more than 500 mV)

OutputCollectorCurrent-lo 25mA
Output Collector Power Dissipation 40 mW
Output Collector Voltage -V« 7V
Input Current, Pin 4 +10 mA

NOTES:
1. Bypassing of the power supply line is required, with a 0.01 ^F ceramic

disc capacitor adjacent to each isolator as illustrated in Figure 15. The
power supply bus tor the isolator(s) should be separate from the bus for

any active loads, otherwise a larger value of bypass capacitor (up to 1

^F) may be needed to suppress regenerative foedback via the power

supply.

2. The HCPL-2602 is tested such that operation at i

(
minimum of 5 mA will

provide the user a minimum of 20% guardband for LEO light output

degradation.

3 De-ice considered a two terminal device pms 1. 2. 3 and a shorted

together, and pins 5. 6. 7 and 8 shorted together

4. The tpi .it propagation delay is measured from tne 3.75 mA point on the

trailing edge of the input pulse to the 15 V point on the trailing edge of

the output pulse.

5 The tpHL Propagation delay is measured from the 375 mA point on the

leading edge of the input pulse to the 1 ,5V point on the leading edge of

the output pulse.

6. The Ihh enable propagation delay is measured from the 1.5 V point on

the trailing edge of the enable input pulse to the 1.5 v point on the

trailing edge of the output pulse.

7. The t| hi. enable propagation delay is measured from the 1.5 V point on
tne leading edge of the enable input pulse to the 1.5 V point on the

leading edge of the output pulse.

8. CMh is the maximum tolerable rate of rise of the common mode voltage

to assure that the output will remain In a high logic state (i.e., Vimt
>2.0 V).

9. CM; is the maximum tolerable rate of fall of tne common mode voltage

to assure that the output will remain in a low logic state (i.e. . V< n t <0.8

V).

10. For sinusoidal voltages, /|dvc\i|\
*U mWm (p-pj

at

11. No external pull up Is required for a high logic state on the enable input.

I
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- FORWARD INPUT CURRENT - mA

Figure 2. Output Voltage vs. Forward
Input Current.
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Figure 5. Low Level Output Voltage
vi. Temperature.
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Figure 3. Input Characteristics.
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, HEWLETT
'HM PACKARD

DUALTTL
COMPATIBLE

OPTOCOUPLER
HCPL-2630

TECHNICAL DATA MARCH 1980

3
- O-

Rgura 1.

Features
• HIGH DENSITY PACKAGING
• DTL/TTL COMPATIBLE: 5V SUPPLY
• ULTRA HIGH SPEED
• LOW INPUT CURRENT REQUIRED
• HIGH COMMON MODE REJECTION
• GUARANTEED PERFORMANCE OVER
TEMPERATURE

• RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

• 3000Vdc WITHSTAND TEST VOLTAGE

Description/Applications
The HCPL-2630 consists of a pair of inverting optically coupled

gates each with a GaAsP photon emitting diode and a unique

integrated detector. The photons are collected in the detector

by a photodiode and then amplified by a high gain linear amp-

lifier that drives a Schottky clamped open collector output

transistor. Each circuit is temperature, current and voltage com-
pensated.

This unique dual coupler design provides maximum DC and AC
circuit isolation between each input and output while achieving

DTL/TTL circuit compatibility. The coupler operational para-

meters are guaranteed from 0°C to 70°C, such that a minimum
input current of 5 mA in each channel will sink an eight gate

fan-out (13 mA) at the output with 5 volt Vcc applied to the

detector. This isolation and coupling is achieved with a typical

propagation delay of 50 nsec.

The HCPL-2630 can be used in high speed digital interface ap-

plications where common mode signals must be rejected such

as for a line receiver and digital programming of floating power
supplies, motors, and other machine control systems. The eli-

mination of ground loops can be accomplished between system
interfaces such as between a computer and a peripheral mem-
ory, printer, controller, etc.

The open collector output provides capability for bussing,

strobing and "WIRED-OR" connection. In all applications, the

dual channel configuration allows for high density packaging,

increased convenience and more usable board space.

OUTLINE DRAWING
9*0 370)
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Recommended Operating
Conditions

Sym. Min. Max. Uniu

Input Current, Low Level

Each Channel IFL 250 fA
Input Current, High Level

Each Channel IFH 6.3- 15 mA
Supply Voltage, Output VCC 4.5 5.5 V

Fan Out (TTL Load)

Each Channol N 8

Operating Temperature TA 70 °C

Absolute Maximum Ratings
(No derating required up to 70 C)

Storage Temperature -55°C to +125°C
Operating Temperature 0°C to +70°C
Lead Solder Temperature 260°C for 1 0s

(1.6mm below seating plane)
Peak Forward Input

Current (each channel) 30 mA « 1 msec Duration)

Average Forward Input Current (each channel) 15 mA
Reverse Input Voltage (each channel) 5V
Supply Voltage - Vcc 7V (1 Minute Maximum)
Output Current - Irj (each channel) 16 mA
Output Voltage - Vo (each channel) 7V
Output Collector Power Dissipation 60 mW
•6.3mA condition permits at least 20% CTR degradation guardband.

Initial switching threshold is 5mA or less.

<
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Electrical Characteristics
OVER RECOMMENDED TEMPERATURE (TA = 0°C TO 70° C) UNLESS OTHERWISE NOTED

Parameter Symbol
|

Min. Typ.« Max. Units Test Conditions Figure

1 "M
Note

High Level Output Current >OH 50 250 pA VCC 5.5V. V = 5.5V,

!F = 250.uA

3

Low Level Output Voltage Vol 0.5 0.6 V Vcc = 5.5V, lF = 5mA
Iol (Sinking) = 13mA

3 3

High Level Supply Current 'CCH 14 30 mA VCC = 5.5V, l F =0
(Both Channels)

Low Level Supply 'CCL 26 36 mA Vcc = 6.5V, l F = 10mA
(Both Channels)

.-'-•

Input - Output

Insulation Leakage Current

l|-0 1.0 HA Relative Humidity = 45%
TA = 25° C, t = 5s,

V|_o - 3000Vdc

4

Resistance (Input-Output) Rio 10 12 a V,. = 500V.TA = 25 C 4

Capacitance (Input-Output) Cio 0.6 pF f= 1MHz, TA = 25°C 4

Input Forward Voltage Vf 1.5 1.75 V l F - 10mA,TA =25°C 4 7.3

Input Reverse Breakdown

Voltage

BVr 5 V lR = 10(JA,TA =25°C

Input Capacitance C|N 60 PF V F = 0. f=1MHz 3

Input-Input Insulation

Leakage Current
l-l 0.005 MA Relative Humidity 45%,

t=5s, V|.,=500V

8

Resistance (Input-Input) Rh 10" SI V,., » 500V 8

Capacitance (Input-Input) cM 0.25 PF f= 1MHz 8

Current Transfer Ratio CTR
,

700
:

'

% If = 5.0mA, Rl=100J2 2 6
.
/;.:

"All typical values are at VCc " 5V. TA = 25 C

Switching Characteristics at TA=25°C,vcc =5V
,CH CHANNELKACH C

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure Note

Propagation Delay Time to

High Output Level

lPLH 55 75 ns RL = 350ft/CL = 15pF,

l F = 7.5mA

6,7 1

Propagation Delay Time to

tow Output Level

lPHL 40 75 ns RL = 350fi,C,_ = 15pF,

I F = 7.5mA

6,7 2

Output Rise-Fall Time (10-90%) tr.tf 25 ns RL = 350 O, Ct = 15pF,

l F « 7.5mA

'"

Common Mode Transient

Immunity at High Output Level

CM„ 50 V//js VCM - 10Vp .p ,

R L = 35012,

V (mln.l-.2V.lp = 0mA

9 5

Common Mode Transient

Immunity at Low Output Level

CM L -150 V/us Vcm = 10Vp _p ,

RL = 350fi.

V (max.) = 0.8V

l F = 7.5mA

9 5

NOTE: It it essential that a bypass capacitor (,01jiF to OJiiF. ceramic) be connected from pin 8 to pin 5. Total lead length between both
ends of the capacitor and the isolator pins should not exceed 20mm. Failure to provide the bypass may impair the switching prop-

erties (Figure 5).



NOTES:

1. The iplh propagation delay is measured from the 3.75 mA point

on the trailing edge of the input pulse to the 1 .5V point on the trail-

ing edge of the output pulse.

2. The tpHL propagation delay is measured from the 3.75 mA point

on the leading edge of the input pulse to the 1.5V point on the

leading edge of the output pulse.

3. Each channel.

4. Measured between pins 1, 2, 3. and 4 shorted together, and pins 5, 6,

7, and 8 shorted together.

5. Common mode transient immunity in Logic High level is the maxi-

mum tolerable (positive! dV^y)/dt on the leading edge of the com-

mon mode pulse, V^M, t0 a»ure tnal th^ output will remain in a

Logic High state (i.e.. Vq>2.0VI. Common mode transient immunity

in Logic Low level is the maximum tolerable (negative) dV^p^/dt on

the trailing edge o< the common mode pulse signal. V^m. to assure

that the output will remain in a Logic Low state (i.e.. Vq<&8V).

6. DC Current Transfer Ratio is defined as the ratio of the output col-

lector current to the forward bias input current times 100%.

7. At 10mA VF decreases with Increasing temperature at the rate of

1.9mV/°C.

8. Measured between pins 1 and 2 shorted together, and pins 3 and 4

shorted together.
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s HEWLETT
PACKARD

LOW INPUT CURRENT,
HIGH GAIN

OPTOCOUPLERS

6N138

6N139

TECHNICAL DATA MARCH 1980

OUTLINE DRAWING*

TVPE
NUMBE8

1»l« MAX DIMENSIONS IN MILLIMETRESAND (INCHES!
O.B9 (.035) MIN.

OOI.MHMAX.

0.SI (.0201 MIN.

232 (.116) MIN.

CtIHOD£

I

i

SCHEMATIC

^^

Features Applications
HIGH CURRENT TRANSFER RATIO — 800% TYPICAL
LOW INPUT CURRENT REQUIREMENT — 0.5mA
TTL COMPATIBLE OUTPUT — 0.1V Vox
3000 Vdc WITHSTAND TEST VOLTAGE
HIGH COMMON MODE REJECTION - 500V/US
PERFORMANCE GUARANTEED OVER TEMPERATURE
0°C to 70°C
BASE ACCESS ALLOWS GAIN BANDWIDTH
ADJUSTMENT
HIGH OUTPUT CURRENT — 60mA
DC TO 1M blt/t OPERATION
RECOGNIZED UNDER THE COMPONENT PROGRAM
OF UNDERWRITERS LABORATORIES, INC.
(FILE NO. E55361)

Ground Isolate Most Logic Families - TTL/TTL. CMOS/
TTL. CMOS/CMOS, LTTL/TTL, CMOS/LTTL

Low Input Current Line Receiver - Long Line or Partyline

EIA RS-232C Line Receiver

Telephone Ring Detector

117 V ac Line Voltage Status Indicator — Low Input Power

Dissipation

Low Power Systems — Ground Isolation

Description
These high gain series couplers use a Light Emitting Dioce and
an integrated high gain photon detector to provide 3000V dc

electrical insulation, 500V/us common mode transient immu-
nity and extremely high current transfer ratio between input

and output Separate pins for the photodiode and output

stage result in TTL compatible saturation voltages and high

speed operation. Where desired the Vcc and V terminals

may be tied together to achieve conventional photodarlington

operation. A base access terminal allows a gain bandwidth

adjustment to be made.

The 6N139 is suitable for use in CMOS, LTTL or other

low power applications. A 400% minimum current transfer

ratio is guaranteed over a 0-70°C operating range for only

0.5mA of LED current.

The 6N138 is suitable for use mainly In TTL applications.

Current Transfer Ratio is 300% minimum over 0-70°C for an

LED current of 1.6mA [1 TTL unit load (U.L)J. A 300%
minimum CTR enables operation with 1 U.L. in, 1 U.L. out

with a 2.2 kfi pull-up resistor.

•JEDEC Registered Data.

Absolute Maximum Ratings*
Storage Temperature -55°C to +125°C
Operating Temperature 0°C to +70°C

Lead Solder Temperature 260°C for 10s

(1.6mm below seating plane)

Average Input Current - l F 20mA Ml

Peak Input Current - l F 40mA
(50% duty cycle, 1 ms pulse width)

Peak Transient Input Current - l F 1.0A

« lus pulse width, 300 pps)

Reverse Input Voltage - VR 5V
Input Power Dissipation 35mW 121

Output Current - l (Pin 6) 60mA 131

Emitter-Base Reverse Voltage (Pin 5-7) 0.5V

Supply and Output Voltage - Vcc (Pin 8-5), V (Pin 6-5)

6N 138 -0.5 to 7V
6N139 -0.5 to 18V

Output Power Dissipation 100mW '4 '

See notes, following page.

4
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Electrical Specifications
OVER RECOMMENDED TEMPERATURE (TA = 0°C to 70°C), UNLESS OTHERWISE SPECIFIED

»

Pinmwi Sym. Device Mil.. Typ.'* Max. Units Test Conditions Fig. Now

Current Transfer Ratio CTR- 6N139
400

500

860

900
%

Ip - 0.5mA. Vo - 0.4V, VCc " 4.5V

IF • 1.6mA, Vo 0,4V, Vcc="».5V 3 5.6

6N138 300 600 % IF - 1.6mA, Vo 0.4V, Vcc = 4.SV

Logic Low
Output Voltage

VOL
6N139

0.1

0.1

0.2

0.4

0.4

0.4

V
Ip • 1.6mA. lo 6.4mA, Vcc = 4.5V

Ip - 5mA. Iq - 15mA, Vcc = 4.5V

IF - 12mA, lo » 24mA, Vcc " 4.5V
1.2 6

6N138 0-1 0.4 V Ip - 1.6mA, lo 4.8mA, Vcc = ''.5V

Logic High

Output Current 'OH"
6N139 0.05 100 «A Ip-OmA. V = VCc "18V

6
BN138 0.1 250 tlA Ip • OmA, V - VCc- 7V

Logic Low
Supply Current 'CCL 0.2 mA IF- 1.6mA, Vo- Open, VCc - 5V 6

Logic High

Supply Current 'CCH .0 nA Ip - OmA, V Open, Vcc = 5V 6

Input Forward Voltage VF' 1.4 1.7 V Ip- 1.6mA, TA - 25"

C

4

Input Reverse

Breakdown Voltage BVr* 5 V Ir - 10uA,TA=25°C

Temperature Coefficient

of Forward Voltage

a.Vp
-1.8 mV/°C Ip- 1.6mA

Input Capacitance C|N 60 pF f-IMHz, VF =

Input- Output

Insulation Leakage

Current
'i-o- 1.0 uA

45% Relative Humidity. TA - 25°C

'-5s. V|_o - 3O00Vdc 7

Resistance

(Input-Outputl
R|-0 10" SI V|.q " 500Vdc 7

Capacitance

(Input-Output)
C|-0 0.6 pF f-IMHi 7

* 'All typicals at TA • 25°C and Vcc " 5V - unless otherwise noted.

Switching Specifications
AT TA = 25° C

Parameter Sym. Device Mm. Typ. Max. Units Test Conditions Fig. Note

Propagation Oelay Time
To Logic Low at Output tPHL

-
6N139 5

0.2

25

1

US
Ip -0.5mA. RL = 4.7kn
Ip- 12mA. RL - 27011 9 6,8

6N138 1 10 m Ip - 1.6mA. R L -2.2ktl

Propagation Delay Time
To Logic High at Output

<PLH"
6N139

5

1

60
7

w Ip 0.5mA. RL " 4.7ktt

Ip - 12mA. R L = 27012 9 6,8

6N138 4 35 MS IF - 1.6mA, Rl" 2.2kSl

Common Mode Transient

Immunity at Logic High

Level Output

cmh 500 V/us
Ip - OmA, RL - Z2kI2, Rcc =

!Vcml-10Vp.p
10 9.10

Common Mode Transient

Immunity at Logic Low
Level Output

CML -500 Vila
Ip- 1.6mA, Ft i- 2.2k JZ, RCc "

IVcml=10Vp.p
10 9,10

NOTES:

1. Derate linearly above 50°C free-air temperature at a rate of 0.4mA/" C.

2. Derate linearly above 50°C free-air temperature at a rate of 0.7mW/°C.
3. Derate linearly above 25° C free-air temperature at a rate of 0.7mA/°C.
4. Derate linearly above 25

C C free-air temperature at a rate of 2.0mW/°C.
5. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, lo. to the forward LED input current, I p. times 100%.
6. Pin 7 Open.

7. Device considered a two-terminal device: Pins 1, 2. 3, and 4 shorted together and Pins 5, 6, 7. and 8 shorted together.

8. Use of a resistor between pin 5 and 7 will decrease gain and delay time. See Application Note 951-1 for more details.

9. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dVcm/dt on the leading edge of the common mode
pulse, Vfjn. to assure that the output will remain in a Logic High state (i.e.. Vq > 2.0V). Common mode transient immunity in Logic Low level
is the maximum tolerable (negative) dVcm/dt on the trailing edge of the common mode pulse signal. V^. to assure that the output will remain
in a Logic Low state (i.e., Vq < 0.8V).

10. In applications where dV/dt may exceed 50,0OOV/us (such as static discharge) a series resistor. Rcc. should be included to protect

the detector IC from destructively high surge currents. The recommended value is _ 1V .,,,

"CC * m™^—"

"

~~~^~^~ *"•
0.15 Ip (mA)

•JEDEC Registered Data.
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_ Vcc-BV >

r
. ft.Qmft __ —

p— ''"A "

K—- ^A^& •—

jr.;'"'
"' 3,6mA_ —

h """"^3QmA__._.

•>6mA _

1 ~ jgmft -_

,5mA _

1.0mA

_____

05mA

V\ \ i i

_ Va-SV
TA -2S'C

ll-
CM>> •—

'

— -^
"-"A

.m/*

K^-T 1
5mA

1 ! !
'

V - OUTPUT VOLTAGE - V

Figure I, 6N139 DC Transfer Characteristics.

<Jo - OUTPUT VOLTAOE - V

Figure 2. 6N138 DC Transfer Characteristics.

If -FOFrWAHOCURHENT-mA

Figure 3. Currant Transfer Ratio vs. Forward Current.

I u

1
1

V-V

1.1 1-2 1-3 1.4 1.5 1.6 1.7 1.8

V> -FORWARD VOLTAGE -V

Figure 4. Input Diodo Forward Current vs.

Forward Voltage.

no o.io i.o io.

i> - INPUT DIOOE FORWARD CURRENT - mA

Figure 5. 6N1 39 Output Current vs. Input Diode

Forward Current,

i t - INPUT DIODE FORWARD CURRENT - mA

Figure 6. 6N1 38 Output Current vs. Input Diode

Forward Current.

74



9 3

1

Rl.- 2.2ki2

If -1.8mA
1/t- oops 1 T

BEE FIG. 9 FOR TEST CIRCUIT)

«£>

<fHL

10 70 30 40 50 60 70 80

TA - TEMPERATURE - 'C

Figure 7. Propagation Delay vs. Temperature.

R L - LOAD RESISTANCE - kfl

Figure 8. Non Saturated Rite and Fall Times vs. Load

Resistance.

If

o

Vo

(SATURATED
RESPONSE]

Vo

(NON-SATURATED
RESPONSE)

•4 10*

TED 1,90%

""-FT

MP 800

I

PULSE
OEN.

Zo-SOfl
l,-6n»

.4 .
•BE

10* DUTV CYCLE

1/l< 100.1

I, MONITOR (

-OVo

CL -16pF

Figure 9. Switching Test Circuit.*

Vo, iov

ov .

1< Jt

SWITCH ATA: If- OmA

Vo

SWITCH AT B: If - 1.6 mA

-y*-T\

E

,{

VFf

•Vol

E

3
A

I Rcc"

II

*\%

©-
HP1900A
PULSE GEN.

-OVo

"1

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms.

•JEDEC Registered Data. "See Note 10
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HEWLETT
PACKARD

DUAL LOW INPUT

CURRENT, HIGH CAIN
OPTOCOUPLERS

HCPL-2730

HCPL-2731

TECHNICAL DATA MARCH 1980

_»-">t37»l
mo uioi

r?ir?ir?if?i

k 273X „

XXXft)

OUTLINE DRAWING

TVP£
f.U'.'BEK

'•?*» j,ap_) a.io i240i

$M i .hoi isffl ?w

y'y'WHiiJi™,

4
0.1 11 10071

033 1.0131

•i Uj ISO (M3) MAX f

—
»\ H*— OJt 1.0361MM. DIMENSIONS IN MILLIMETRES AMO (INCHES)

086(028)
MAX-

ANODE ,[?

CATHODE I

£

CATHODE 2g

Features Applications
HIGH CURRENT TRANSFER RATIO - 1000% TYPICAL
LOW INPUT CURRENT REQUIREMENT - 0.5 mA
LOW OUTPUT SATURATION VOLTAGE - 1.0V TYPICAL
HIGH DENSITY PACKAGING
3000 Vdc WITHSTAND TEST VOLTAGE
PERFORMANCE GUARANTEED OVER 0°C TO 70°C
TEMPERATURE RANGE
HIGH COMMON MODE REJECTION
DATA RATES UP TO 200K BIT/9

HIGH FANOUT
RECOGNIZED UNDER THE COMPONENT PROGRAM OF
UNDERWRITERS LABORATORIES, INC. (FILE NO. E55361).

• Digital Logic Ground Isolation

• Telephone Ring Detector

• EIA RS-232C Line Receiver

• Low Input Current Line Receiver — Long Line or Partyllne

• Microprocessor Bus Isolation

• Current Loop Receiver

• Polarity Sensing

• Level Shitting

• Line Voltage Status Indicator — Low Input Power Dissipation

Description
The HCPL-2730/31 dual channel couplers contain a separated pair of GaAsP light emitting diodes optically coupled to a
pair of integrated high gain photon detectors. They provide extremely high current transfer ratio. 3000V dc electrical

insulation and excellent input-output common mode transient immunity. A separate pin forthe photodiodes and first gain
stages (VCc) permits lower output saturation voltage and higher speed operation than possible with conventional
photodarlington type isolators. The separate Vcc P n can be strobed low as an output disable. In addition Vcc may be as
low as 1.6V without adversely affecting the parametric performance.

Guaranteed operation at low input currents and the high current transfer ratio (CTR) reduce the magnitude and effects of

CTR degradation.

The outstanding high temperature performance of this split Darlington type output amplifier results from the inclusion of

an integrated emitter-base bypass resistor which shunts photodiode and first stage leakage currents to ground.

The HCPL-2731 has a 400% minimum CTR at an input current of only 0.5 mA making it ideal for use in low input current
applications such as MOS, CMOS and low power logic interfacing or RS232C data transmission systems. In addition, the
high CTR and high output current capability make this device extremely useful in applications where a high fanout is

required. Compatibility with high voltage CMOS logic systems is guaranteed by the 1 8V Vcc and Vo specifications and by
testing output high leakage (I h) at 18V.

The HCPL-2730 is specified at an input current of 1 .6 mA and has a 7V Vcc and V rating. The 300% minimum CTR allows
TTL to TTL interfacing with an input current of only 1.6 mA.

Important specifications such as CTR, leakage current and output saturation voltage are guaranteed over the 0°C to 70°C
temperature range to allow trouble-free system operation.
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Electrical Specifications
(Over Recommended Temperature TA = 0°C to 70° C Unless Otherwise Specified)

Parameter Syrn.
Oevice

HCPL-
Min. Typ.* Man. Units Test Condition!: Fig. Note

Current Transler Ratio CTR
2731

400

500

1000

1100
%

IF - 0.5mA. VD = 0.4V. Vcc " 4.5V

l F
' 1.6mA, V -0.4V. Vcc - 4.5V

2
6.7

2730 300 1000 % l f = 1.6mA, V ff
0.4V, Vcc = 4.5V 2

Logic Low

Output Voltage Vol

2731

0.1

0.1

0.2

0.4

0.4

0.4

V

;.6mA, Ijj =8mA,Vcc =4.5V

lF =5mA. I =15mA. Vcc' 4.5V

I F - 12mA. I » 24mA. Vq; = 4.5V
1 6

2730 0.1 0.4 V l F = 1.6mA. lo - 4.8rnA, V^ - 4.5V

Logic High

Output Current 'oh
2731 0.005 100 UA l F = -nA. V'o - Vcc " 18V

6
2730 0.01 250 <iA lF-OmA.Vo-Vo-.7V

Logic Low

Supply Current 'ccl

2731 1.2
mA

lF) = lF2 = 1.6mA

v01 "Vo^Open
Vcc = 18V

2730 0.9 vcc =™
Logic High

Supply Current *CCH

2731 5
nA

l F1 =l F2 -0mA

vot =V ,=Open

Vcc-'8V

2730 4 Vcc = ?V

Input Forward Voltage vF 1.4 1.7 V lF - 1.8mA. TA -25"C 4 6

Input Reverse Breakdown

Voltage
BV„ S V ln =10uA,TA=25°C

Temperature Coefficient

of Forward Voltage
-1.8 mV/°C l F

= 1.6mA 6

Input Capacitance G|N 60 pF f'IMHj. VF =0 e

Input-Output Insulation

Leakage Current '.-o 1.0 UA
45% Relative Humidity. TA = 25°C

t-5s, Vio * 3000Vdc
8

Resistance

(Input-Output)
"tO 10" n V,.o =600 Vdc 8

Capacitance

(Input-Output)
C,o 0.6 pF 1 = 1 MHz 8

Input-Input

Insulation Leakage Current 'h 0.005 ilA
45% Relative Humidity, t=5s,

VH 500Vdc
9

Resistance

(Input-Input) "h 10" n V,
,,

= 500Vdc 9

Capacitance

(Input-Input)
c,., 0.25 pF f - 1 MHz 9

"Alt typical, oi T^ - 25 C

Switching Specifications at TA=25°C

1, Derate linearly above 50" C Iree-el

2 Derate linearly above 50
: C 'ree-ai

3. Derate linearly above 35°C 'ree-ai

4. Pin 8 ihould be the mosi negative

temper* s rate of 0.5mA/"C.

«r»teof 0.9mW7°C.

temperature at a rate o' 0.6mA/" C.

/oltage at the detector iidt.

e ate rate of 1.7mW/'C.

upply power.

5. Derate linearly above 35"C free-air temperatui

Output power ii collector output power plus

6. Each channel.

7. CURRENT TRANSFER RATIO is defined as the ratio of output

collector current, Irj. to the forward LED input current. Ip, timet 100%.

8. Device coniidered a two-terminal device: Pins 1 . 2. 3. and 4 thorted

together end Pins 5, 6. 7. and 8 sho'ted together.

9. Measured between Dins 1 and 2 shorted together, and pint 3 end 4

shorted together.

10. Common mode transient immunity in Logic High level >* the minimum
tolerable (positive) dV^y/di on the leading edge of (he common mode
oulte V CV- ,0 **Jn! 'hat the output will remain in Logic High state

li.e., Vo > 2.0V). Common mode transient immunity In Logic Low
level iithe maximum tolerable (negative! dV*cM dton the trolling edge

of the common mode pulse signal, Vqm> ,0 a"ure that the output will

remain In a Logic Low state lie., Vq < 0.8V).

11. In applications where dV/di may exceed 50,000 V/ut liuehaia itadc

discharge! a series resistor, Rcc. should be included to protect the

detector IC from destructively high surge curre.us. The recommended

value If _ IV
'RCC

0.3 lp (mA!
kfl.

Porameter Sym,
Device

HCPL-
Min. TVP. Max. Units Test Conditions Flo, Note

Propagation Delay Time

To Logic Low

,n Output

tPHL

2731 25 100 "! lF - 0.5mA, R L
- 4.7kSi

9
2730/1

6

0.5

20

2
US

lF = 1.6mA. RL = 2.2kft

lf = 12mA. R L
= 270n

Propagation Delay Time

To Logic High

it Output

tPLH

2731 20 00 us l F « 0.5mA, R L = 4.7kf2

9
2730/1

10

1

35

10

l F • 1.6mA. R L - 2.2kn

l F = 12mA. RU =270SJ

Common Mode

Transient Immunity at

Logic High Level Output

CMH 500 v*s
lF -0mA.R L =2.2k«

10 10.11

Common Mode

Transient Immunity at

Logic Low Level Output

CM L
-500 Vfcs

l F = 1.6mA. RL - 2.2kfi

|VC«| - WVp.
10 10,11
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Absolute Maximum Ratings
Storage Temperature -55°Cto+125°C
Operating Temperature -40°Cto+85°C
Lead Solder Temperature 260cCfoM0sec

(1.6mm below seating plane)

Average Input Current — l F

(each channel) 20 mA 1"

Peak Input Current — If

(each channel) 40 mA
(50% duty cycle, 1 ms pulse width)

Reverse Input Voltage — Vr
(each channel) 5V

Input Power Dissipation

(each channel) 35mW |2 '

Output Current — l

(each channel) 60mA |3 '

Supply and Output Voltage— Vcc (Pin 8-5), Vo (Pin

7.6-5)'4 '

HCPL-2730 -0.5to7V

HCPL-2731 -0.5to18V

Output Power Dissipation

(each channel) 100mW |S|

<
E

w »*£ 1
——-TT£&———

!

-*****[iomA_-- j

I
^~**~~2.fi "**' ' -\

B

|
5
o

"~~
° " ""^L '

" ' '

f''
1.0 mA

1

lp - OS mA

C HCPL2730
fc HCPL2731

" TA -85'C

vK -tv
v -°«vl_

i
N

rA --*o'c

III i i
inn I 1 null

1
m

V - OUTPUT VOLTAGE-V I, - FORWARD CURRENT - n>A I, - INFUT OIODE FORWARD CURRENT - rr A

Figure 1. DC Transler Characteristics. Figure J. Cutrenl Transfer Ratio vs.

Forward Current.

Figure 3. Output Current vi. Input

Diode Forward Current.

T» J5'C

/

/
/
1

HCPL
•cad

;

-2731 '

/ ir

/
S3

\

/
V

' 1 2 1 3 1 « 1 5 1 M 1
"

%

3 m

S o.i

: t^.jfo

!

H0PI..JJJ1

Vco • l>V>

// .i

Vec"v
l i nun i l i urn

Vr - FORWARD VOLTAGE - V I, - INPUT OIOOE FORWARD CURRENT - tA T - INPUT PULSE PERIOD - ™

Figure 4. Input Diode Forward Current
v«. Forward Voltage.

Figure 5. Supply Current Per Channel
vs. Input Diode Forward Current.

Figure 6. Propagation Delay To Logic
Low vs. Pulse Period.
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MCH-2M1 II, - 0.5 mA. B
t

• 4.J Mil

HCK.-1JXU, I.SmA. \ .2.Jki^/
v« 5V

Vhi

i >"

"vlu ^
„-•^ »*"

y~m
-'" ^ '

W

10 20 30 40 50 60 70

T. - TEMPERATURE -'C

'no.
RL « 2.»il OR *.7kil

HCPl-2730
HCPL273'

VtH Hl-"«1

t#t« \ -UhQ

2 4 6 | 10

I, - INPUT DIODE FORWARD CURRENT - mA

Figure 7. Propagation Delay v«.

Temperature.
Figure 8. Propagation Delay vs. Input

Diode Forward Current.

MP1Q07
PULSE
GEN

2o«son
i.»5m

HI

I

fr

•I
ii

rtt

3-

3-

B^S
3 I

(^ - IBpF

Figure 9: Switching Test Circuit.

v„ iov

OV 10% .

-IP

SWITCH AT A: I, = 0mA

WITCH AT B I, -1.6mA

•See Note 11.

Figure 10. Test Circuit (or Transient Immunity and Typical Waveforms.
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ra HEWLETT
PACKARD

LOW INPUT CURRENT,
HIGH GAIN

OPTOCOUPLER

4N45

4N46

TECHNICAL DATA MARCH 1980

i i,—
ANODE O ;—

I

CATWOOEO '

Schamatic

Features
HIGH CURRENT TRANSFER RATIO —
1000% TYPICAL
LOW INPUT CURRENT REQUIREMENT —
0.5 mA
3000 Vdc WITHSTAND TEST VOLTAGE
PERFORMANCE GUARANTEED OVER 0°C TO
70°C TEMPERATURE RANGE
RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES INC. (FILE NO. E55361)

INTERNAL BASE-EMITTER RESISTOR
MINIMIZES OUTPUT LEAKAGE
GAIN-BANDWIDTH ADJUSTMENT PIN

HIGH COMMON MODE REJECTION

Description
The 4N45/46 optocouplers contain a GaAsP light emitting

diode optically coupled to a high gain photodetector IC.

The excellent performance over temperature results from

the inclusion of an Integrated emitter-base bypass resistor

which shunts photodiode and first stage leakage currents

to ground. External access to the second stage base

provides better noise rejection than a conventional

photodarlington detector. An external resistor or capaci-

tor at the base can be added to make a gain-bandwidth or

input current threshold adjustment. The base lead can

also be used for feedback.

The high current transfer ratio at very low input currents

permits circuit designs in which adequate margin can be

allowed for the effects of CTR degradation over time.

The 4N46 has a 350% minimum CTR at an input current of

only 0.5mA making it ideal for use in low input current

applications such as MOS, CMOS and low power logic

interfacing. Compatibility with high voltage CMOS logic

systems is assured by the 20V minimum breakdown
voltage of the output transistor and by the guaranteed

maximum output leakage (Iqh) at 18V '

The 4N45 has a 250% minimum CTR at 1.0mA input

current and a 7V minimum breakdown voltage rating.

•JEDEC Registered Data.

U*MM

OaisNSOM IN milllMETERS MID (INCHES.

Outline Drawing*

Applications

Low Input Power

• Telephone Ring Detector

• Digital Logic Ground Isolation

• Low Input Current Line Receiver

• Line Voltage Status Indicator —
Dissipation

• Logic to Reed Relay Interface

• Level Shirting

• Interface Between Logic Families

Absolute Maximum Ratings*
Storage Temperature -55°Cto+125°C
Operating Temperature -40° C to +70°

C

Lead Solder Temperature 260° C for 10 s.

(1.6mm below seating plane)

Average Input Current —

l

F 20mAl 1
l

Peak Input Current— lp 40mA
(50% duty cycle, 1ms pulse width)

Peak Transient Input Current — lp 1.0A

«1 us pulse width, 300pps)

Reverse Input Voltage— Vr 5V
Input Power Dissipation 35mWl2 '

Output Current—

1

(Pin 5) 60mAl3 !

Emitter-Base Reverse Voltage (Pins 4-6) 0.5V

Output Voltage — V (Pin 5-4)

4N45 -0.5 to 7

V

4N46 -0.5 to 20V
Output Power Dissipation 100mWl4 )

See noles. following page
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Electrical Specifications
OVER RECOMMENDED TEMPERATURE (TA = 0°C TO 70°C), UNLESS OTHERWISE SPECIFIED

Parameter Sym. Device Min. Typ." Mix. Units Test Conditions Fig. Note

Current Transfer Ratio CTR* 4N46
350

500

200

1500

1500

600
%

lF - 0.5mA. V '1.0V
lp = 1.0mA, V - 1.0V

If - 10mA, V - 1.2V 4 5.6

4N45 250

200

1200

500

% lp = 1.0mA. Vo-l.OV
IF - 10mA. Vo = 1.2V

Logic Low Output

Voltage
vol

4N46
.90

.92

.95

1.0

1.0

1.2

V
IF = 0.5mA. I l= 1.75mA

lF -1.0mA, loL = 5-0mA
lp = 10mA, lOL " 20mA

2 6
4N45 .90

.95

1.0

1.2

V IF - 1.0mA. IOL = 2-5mA
lp = 10mA. loL^ZOmA

Logic High Output

Current
!0H*

4N46 .001 100 «A lp -OmA, Vo - 18V
6

4N4S .001 250 uA lF = 0mA, Vq -5V

Input Forward Voltage vF . 1.4 1.7 V lF-1.0mA,TA = 25°C 1

Temperature Coefficient

.
of Forward Voltage

AVF
flTA

-1.8 mV/°C lp = 1.0mA

Input Reverse Breakdown

Voltage

BVr* S V Ir-10mA.Ta -2S°C

Input Capacitance C|N 60 pF f = 1MHz. V F =

Input-Output Insulation

Leakage Current

iio* 1.0 dA 45% Reletlve Humidity, TA-25°C
t = 5s, V|_o-3000VDC

7

Resistance (Input-Output) Ri-o 10'2 n V|_o - 600VDC y

Capacitance

(Input-Output)

C|-0 0,6 pF f-1MH* 7

Switching specifications
AT TA = 25°C

Parameter Symbol Min. Typ.** Max. Units Test Conditions Fk,. Note

Propagation Delay Time To
Logic Low at Output

'PHL 80 us IF = 1.0mA, RL -10k-1 8 6.8

•PHL* S 50 ft lF = 10mA, R L - 22012

Propagation Delay Time To
Logic High at Output

'PLH 500 »s IF • 1.0mA, R L = lOkfi
8 6.8

<PLH* 150 500 »1S lp - 10mA, R L = 220«

Common Mode Transient

Immunity et Logic High

Level Output

CMH 500 Vila l F =0mA, Rl" 10kn

IVom'-'OVp
9 9

Common Mode Transient

Immunity at Logic Low
Level Output

CM L -500 V/hs l F = 1.0mA. R L = lOkn
Vcm--'0Vp.p

9 9

•J EDEC Registered Daia.

••All typicatsat T^ 25"C, unless otherwise noted.

NOTES:

1. Derate linearly above 50° C free-air temperature at a rate of 0.4mA/°C.
2. Derate linearly above 50° C free-air temperature at a rate of 0.7mW/°C.
3. Derate linearly above 25°C free-air temperature at a rate of 0.8mA/* C,

4. Derate linearly above 25°C free-air temperature at a rate of 1.5mWrC.
5. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, Iq, to the forward LED input current, lp, limes

100%.

6. Pin 6 Open.

7. Device considered a two-terminal device: Pins 1, 2, 3 shorted together and Pins 4, 5, and 6 shorted together.

8. Use of a resistor between pin 4 and 6 will decrease gain and delay time. (See Figures 10 and 12).

9. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dVcm/dt on the leading edge of the common
mode pulse. Vcnv to assure that the output will remain in a Logic High state (i.e., Vq > 2.5V). Common mode transient immunity in

Logic Low level is the maximum tolerable (negative) dVcm/dt on the trailing edge of the common mode pulse signal, Vcm , to assure

that the output will remain in a Logic Low state (i.e., Vq < 2.5V).

81



1.2 U ^A 15 1J

V* - FORWARO VOLTAGE - V

Figure 1. Input Diode Forward Currant vs.

Forward Voltage.

Vo - OUTPUT VOLTAGE - V

Figure 2. Typical DC Transfer

Characteristics.

v • 10V
NORMALIZED TO;
lf • 1.0 mA
rA - »'C

ioa ioost

i - FORWARD CURRENT - mA

Figure 3. Output Current vs. Input

Current.

G " .1 0.2 0* 1.0 2 S ID 10 60 100

i, - FORWARD CURRENT -mA

Figure 4. Current Transfer Ratio vs.

Input Current.

.— t»LH

: /Ri*iokn

Y2 :oo * »;

—

-rx

It - FORWARD CURRENT -mA

Figure 5. Propagation Delay vs. Forward

Current.

10.000

1000

5

z
2 ioo

1
* .0

t

I
—
—.tPLH

:

\7 nt - mil, i> - IOtA

> Rl-tltol.lt • 10mA

T« -IPC

-60 -2S 36 60 7b 100

Ta - TEMPERATURE - 'C

Figure 6. Propagation Delay vs.

Temperature.

10 I—LJ—II

R L
- LOAD RESISTOR - kit

Figure 7. Propagation Delay vs Load
Resistor.

t*HL-

:^=l

Figure 8. Switching Tast Circuit

Vat iov-

a/ fcffi

SWITCH AT A: !> = 0mA

SWITCH AT B: If -1.0 mA

Figure 9. Test Circuit for Transient Immunity and Typical Waveforms.
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Figure 10. External Baa

Resistor, Rj<

0.1 0.2 05 10 20 SO 10 »

If - FORWARD CURRENT - mA

Figure 11. EftectofRxOn
Current Transfer Ratio

" . - EXTERNAL RESISTOR - kn

Figure 12. Effect of Rx On
Propagation Delay

Applications

=-y :• : MwiUM who..!
- s Ha
KM 5 300

47 6 140

20 6 M
10 e «

TTL Interfac

•SCHMIDT TRIGGER RECOMME NOEO
BECAUSE OF LONG t,, tr.

NOTE: AN INTEGRATOR MAV BE REOUIRED AT THE OUTPUT TO
ELIMINATE DIALING PULSESAND LINE TRANSIENTS.

Telephone Ring DeTector

V MfcOf Vrrwi »S v . i, tnW
24 47k 11

48 lOOkii ».
115 KOMI ft . _
238 ANUi " s _

Vtt [5VTO30V-4N-W
5V - 4N46

'

—1 ANY CMOS
41

1 DIGITAL IC

Line Voltage Monitor CMOS Interfac

•Vcc,o-

Oi , Q? - 2N3904

3 - 2N2906

CHARACTERISTICS

H|N « 30Mft, Rqut - son
VmbuXJ Vcc, -1V, LINEARITY BETTER THAN BS

DESIGN COMMENTS

R, - NOT CRITICAL («aL^'^'-^ q,
'f imaxj

r 2 - not critical iomit if 2 to 0.3v offset is tolerable)
Vm WAX J

• Vgi
R,>-

n, j

1 mA
VtNtAXI

NOTE: ADJUST R3 SO V uT V»M AT V|* -
V|N

fiSS

Analog Signal Isolation
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ra HEWLETT
PACKARD

AC/DC TO LOGIC
INTERFACE

OPTOCOUPLER
HCPL-3700

TECHNICAL DATA MARCH 1980

SCHEMATIC

n

vcc—

o

^
l Vo

GND

Features
AC OR DC INPUT
PROGRAMMABLE SENSE VOLTAGE
HYSTERESIS
LOGIC COMPATIBLE OUTPUT
SMALL SIZE: STANDARD 8 PIN DIP

THRESHOLDS GUARANTEED OVER
TEMPERATURE
THRESHOLDS INDEPENDENT OF
LED DEGRADATION
3000V WITHSTAND TEST VOLTAGE
RECOGNIZED UNDER THE COMPONENT
PROGRAM OF UNDERWRITERS
LABORATORIES, INC. (FILE NO. E55361)

Description
The HCPL-3700 is a voltage/current threshold detection

optocoupler. This optocoupler uses an internal Light

Emitting Diode (LED:, a threshold sensing input buffer IC,

and a high gain photon detector to provide an optocoupler

which permits adjustable external threshold levels. The
input buffer circuit has a nominal turn on threshold of

2.5 mA (Ith-) and 3.8 volts ;Vth>:. The addition of one or

more external attenuation resistors permits the use of this

device over a wide range of input voltages and currents.

Threshold sensing prior to the LED and detector elements

minimizes effects of different optical gain and LED
variations over operating life (CTR degradation). Hystere-

sis is also provided in the buffer for extra noise immunity
and switching stability.
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Applications
• LIMIT SWITCH SENSING
• LOW VOLTAGE DETECTOR
• 5V—240V AC/DC VOLTAGE SENSING
• RELAY CONTACT MONITOR
• RELAY COIL VOLTAGE MONITOR
• CURRENT SENSING
• MICROPROCESSOR INTERFACING

HCPL-3700

AC/DC
POWER

Rx

LOGIC

The buffer circuit is designed with internal clamping
diodes to protect the circuitry and LED from a wide range

of over-voltage and over-current transients while the

diode bridge enables easy use with ac voltage input.

The high gain output stage features an open collector

output providing both TTL compatible saturation voltages

and CMOS compatible breakdown voltages.

The HCPL-3700. by combining several unique functions

in a single package, provides the user with an ideal

component for industrial control computer input boards

and other applications where a predetermined input

threshold optocoupler level is desirable.
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Absolute Maximum Ratings !No aerating required up to 70° C)

Parameter Symbol Mln. Max. Units Note

Storage Temperature Ts -55 125 °C

Operating Temperature TA -25 85 °c

Lead
Soldering

Cycle

Temperature 260 °c
1

Time 10 sec

Input

Current

Average

llN

50

mA
2

Surge 140 2,3

Transient 500

Input Voltage (Pins 2-3) VlN -0.5 V

Input Power Dissipation Pin 230 mW 4

Total Package Power Dissipation P 305 mW 5

Output Power Dissipation Po 210 mW 6

Output

Current
Average lo 30 mA 7

Supply Voltage (Pins 8-5) Vcc -0.5 20 V

Output Voltage (Pins 6-5; Vo -0.5 20 V

Recommended Operating Conditions

Parameter Symbol Min. Max. Units Note

Supply Voltage Vcc 4.5 18 V

Operating Temperature Ta 70 •G

Operating Frequency f 4 KHz 8

Switching Characteristics atTA = 25°C, Vcc = 5.0V

Parameter Symbol Mln. Typ." Max. Units Conditions Fig. Note

Propagation Delay Time to

Logic Low Output Level tPHL 4.0 15 ^s Rl = 4.7 kfl. Cl = 30 pF

6 10

10

Propagation Delay Time to

Logic High Output Level
tPLH 10.0 40 »iS RL = 4.7 kfl, Cl = 30 pF 11

Common Mode Transient

Immunity at Logic Low
Output Level

CMl 600 V/„s
Iin = 3.11 mA. Rl = 4.7 kfl

Vo max. = 0.8V. VCM L
= 140V

8,11 12,13

Common Mode Transient

Immunity at Logic High

Output Level

CMh 4000 V/jts
hN = mA, Rl = 4.7 kfl

Vo min = 20V, VcMH = 1400V

Output Rise Time .10-90%) tr 20 MS Rl = 4.7 kn. Cl = 30 pF
7.10

Output Fall Time (90-10%) tl 0.3 MS Rl = 4.7 kfl, Cl = 30 pF
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Electrical Characteristics
Over Recommended Temperature ;o

oc<TA<7(r C) Unless Otherwise Specified

Parameter Symbol Mln. Typ.» Max. Units Conditions Rg. Note

Input Threshold Current

ITH* 1.96 2.5 3.11 mA Vin=Vth.; Vcc = 4.5V;

Vo = 0.4V: lo 2 4.2 mA

2,3

14

ITH- 1.00 1.3 1.62 mA Vin = Vth- ; Vcc = 4.5V;

Vo = 24V: Ioh< 100 *<A

Input Threshold
Voltage

DC
(Pins 2,3)

Vth- 3.35 3.8 4.05 V
Vin = V2 — V3; Pinsl &4 Open
Vcc = 4,5V; Vo = 0.4V;

l0>4.2 mA

Vth- 2.01 2.6 2.86 V
Vin = Vz — V3;Plns 1 & 4 Open
Vcc = 45V; Vo = 2.4V;

Io<100mA

AC
(Pins l.4i

Vth* 4.23 5.1 5.50 V
Vin=|Vi — V4|;Pins2&30pen

Vcc = 4,5V; Vo = 0.4V;

lO 2 4.2 mA
14.15

Vth- 2.87 3.8 4.24 V
Vin =|Vi —Vt\ Pins 2 & 3 Open
Vcc = 4.5V; Vo = 2.4V;

lo £ 100 ^A

Hysteresis
Ihys 1.2 mA Ihys = Ith. — Ith-

2
Vhys 1.2 V Vhys = Vth- — Vth-

Input Clamp Voltage

VIHC1 5.4 6.0 6.6 V
Vihci = V2 — V3; V3 = GND;
Iin = 10 mA; Pin 1 & 4

Connected to Pin 3

1

VIHC2 6.1 6.7 7.3 V
V|HC2= |Vl — V4|i HlNl =

10 mA; Pins 2 & 3 Open

VIHG3 12.0 13.4 V V.HC3 = V2 — V3 = GND;
Iin = 15 mA; Pinsl & 4 Open

VlLC -0.76 V Vilc = V2 — V3; V3 = GND;
Iin = -10 mA

Input Current llN 3.0 3.7 4.4 mA Vin = V2 — Vs = 5.0V;

Pins 1 & 4 Open
5

Bridge Diode Forward Voltage
V61.2 0.59

Iin = 3 mA (see schematic)
Vd3.4 0.74

Logic Low Output Voltage Vol 0.1 0.4 V Vcc = 4.5V; Iol = 4.2 mA 5
14

Logic High Output Current lOH 100 MA Voh = Vcc= 18V

Logic Low Supply Current ICCL 1.0 4 mA V2 — V3 = 5.0V; Vo = Open
Vcc = 5.0V

Logic High Supply Current ICCH 2 r.A Vcc = 18V; Vo = Open 4 14

Input-Output Insulation

Leakage Current ll-O 1 ***.

Relative Humidity = 45%,

Ta= 25° C. Vi-o = 3000 Vdc;

t = 5 sec.

16Input-Output Resistance Ri-o 1012 n V1-0 = 500 Vdc

Input-Output Capacitance Ci-o 0.6 pp f = 1 MHz, Vi-o = Vdc

Input Capacitance ClN 50 p*r
f=1 MHz; Vin=0V. Pins 2 & 3,

Pins 1 & 4 Open

Notes:

1. Measured at a point 1.6 mm below seating plane.

2. Current into/out of any single lead.

3. Surge Input current duration is 3 mi at 120 Hz pulse repetition rate.

Transient input current duration Is 10fis at 120 Hz pulse repetition rate.

Note that maximum input power, Pin. must be observed.

4. Derate linearly above 70' C free-air temperature at a rate of 4.1 mW/°C.

Maximum input power dissipation of 230 mW allows an input IC

junction temperature of 1 25° C at an ambient temperature of Ta. * 70° C
with a typical thermal resistance from junction to ambient of Cja,

240° C/W. Excessive Pin and Tj may result in IC chip degradation.

5. Derate linearly above 70"C free-air temperature at a rate of 5.4 m W/"C.

6. Derate linearly above 70°C free-air temperature at a rate of 3.9 mW/" C.

Maximum output power dissipation of 210 mW allows an output IC

junction temperature of 12S*C at an ambient temperature of Ta= 70* C
with a typical thermal resistance from Junction to ambient of flj*o

265* C/W.

7. Derate linearly above 70° C free-air temperature at a rate of0,8mA7'C.

8. Maximum operating frequency ii defined when output waveform Pin

6) obtains only 90% of Vcc with H\. - 4.7 kn, Cl = 30 pF using a 5V

square wave input signal.
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9. All typical values are at T*= 25° C, Vcc - 5.0V unless otherwise stated.

10. The tPHL propagation delay is measured from the 2.5V level of the
leading edge of a 5.0V input pulse ( 1 «s rise n me to the 1 5V level on the
leading edge of the output pulse see Figure 9 .

11. The tPLM propagation delay is measured from the 2.5V level of the

trailing edge of a 5.0V input pulse it y s fall timei to the 1.5V level on the
trailing edge of the output pulse isee Figure 9'i.

12. Common mode transient Immunity in Logic High level is the maximum
tolerable (positive) dVcM/dt on the leading edge of the common mode
pulse. Vcm, to Insure that the output will remain in a Logic High state

(I.e., Vo > 2.0V). Common mode transient Immunity in Logic Low level

Is the maximum tolerable
|
negative: dVcM/oi on the trailing edge of the

common mode pulse signal. Vcm. to insure that the output will remain
in a Logic Low state Me.. Vo < 8V. See Figure 10.

13. In applications where dVcM/di may exceed 50.000 W*js {such as static

discharge . a series resistor. Re;, should be included to protect the

detector IC from destructively high surge currents. The recommended
value for Hcc is 240fi per volt of allowable drop In Vcc

|
between Pin 8

and Vcc 1 with a minimum value of 24011.

14. Logic low output level at Pin 6 occurs under the conditions of Vin >

Vth* as well as the range of Vin > Vth— once Vin has exceeded Vth*.

Logic high output level at Pin 8 occurs under the conditions of Vin £
Vth- as well as the range of Vin < Vth- once Vin has decreased below
Vth-.

15. AC voltage is Instantaneous voltage.

16. Device considered a two terminal device: pins 1, 2, 3. 4 connected
together, and Pins 5, 6, 7, 8 connected together.
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Figure 5. Typical Input Current, I |,\j. and Low Level Output
Voltage, V0(_, vs. Temperature.
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PULSE GENERATOR 9
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Electrical Considerations
The HCPL-3700 optocoupler has internal temperature
compensated, predictable voltage and current threshold
points which allow selection of an external resistor. R x . to
determine larger external threshold voltage levels. For a
desired external threshold voltage, Vr, a corresponding
typical value of Rx can be obtained from Figure 11.

Specific calculation of R» can be obtained from Equation
(1

1
of Figure 12. Specification of both V. and V- voltage

threshold levels simultaneously can be obtained by the
use of R x and Rp as shown in Figure 12 and determined by
Equations (2i and (3).

Rx can provide over-current transient protection by
limiting input current during a transient condition. For
monitoring contacts of a relay or switch, the HCPL-3700 in

combination with R x and R p can be used to allow a specific
current to be conducted through the contacts for cleaning
purposes (wetting current:.

The choice of which input voltage clamp level to choose
depends upon the application of this device

| see Figure 1 :

.

It is recommended that the low clamp condition be used
when possible to lower the input powerdissipation as well

as the LED current, which minimizes LED degradation
over time.

In applications where dVcM/dt may be extremely large
(such as static discharge I, a series resistor. Rcc. should
be connected in series with Vcc and Pin 8 to protect the
detector IC from destructively high surge currents. See
note 13 for determination of Rcc- In addition, it is

recommended that a ceramic disc bypass capacitor of
0.01 fjf be placed between Pins 8 and 5 to reduce the effect
of power supply noise.

For interfacing AC signals to TTL systems, output low
pass filtering can be performed with a pullup resistor of
1.5 kfl and 20 pi capacitor. This application requires a
Schmitt trigger gate to avoid slow rise time chatter
problems. For AC input applications, a filtercapacitorcan
be placed across the DC Input terminals for either signal
or transient filtering.

»k*%

13 !
Figure 12. External Threshold Voltage Level Selection.

Either AC Pins 1,4) or DC
|
Pins 2. 3- input can be used to

determine external threshold levels.

For one specifically selected external threshold voltage
level V- or V- , Rx can be determined without use of R p via

V. - Vth-

Rx =- JzL
,T
T->

_<:>

For two specifically selected external threshold voltage
levels, V- and V- , the use of R« and Rp will permit this

selection via equations :2:, ;3i provided the following

conditions are met. If the denominator of equation (2) is

positive, then

^ > VjHl and
V- - Vth- 1th,

V- Vth. V. -Vth- Ith.

Conversely, if the denominator of equation
: 2 1 is negative,

then

V. Vth*

V. ~ Vth.
and

V* -Vth* Ith,

V- - Vth. *
Ith-

R x
= Vth - iV+> -Vth. IV-)

Ith. iVth- ' - Ith. :Vth.1

Vth. (V*)— Vth* (V-

120 160 200 240

Rx - EXTERNAL SERIES RESISTOR - kl!

Figure 11. Typical External Threshold Characteristic. V± vs. Rx .

Ith. (V- - Vth. ) + Ith_ (Vth* - V.i
l "
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tVJ
HEWLETT
PACKARD

DUAL CHANNEL
HERMETICALLY

SEALED
OPTOCOUPLER

6N134

6N134 TXV

6N134 TXVB

TECHNICAL DATA MARCH 1980

OV01

- O
NOTS:

Features
HERMETICALLY SEALED
HIGH SPEED
PERFORMANCE GUARANTEED OVER -55°C TO
+125°C AMBIENT TEMPERATURE RANGE
STANDARD HIGH RELIABILITY SCREENED
PARTS AVAILABLE

TTL COMPATIBLE INPUT AND OUTPUT
HIGH COMMON MODE REJECTION
DUAL-IN-LINE PACKAGE
1500 VDC WITHSTAND TEST VOLTAGE
EIA REGISTRATION
HIGH RADIATION IMMUNITY

Applications

Logic Ground Isolation

Line Receiver

Computer- Peripheral Interface

Vehicle Command/Control Isolation

High Reliability Systems

System Test Equipment Isolation

Description
The 6N134 consists of a pair of inverting optically coupled

gates, each with a light emitting diode and a unique high gain

integrated photon detector in a hermetically sealed ceramic

package. The output of the detector is an open collector

Schottky clamped transistor.

This unique dual coupler design provides maximum DC and

AC circuit isolation between each input and output while

achieving TTL circuit compatibility. The isolator operational

parameters are guaranteed from -55°C to +125°C, such that a

minimum input current of 10 mA in each channel will sinK a

six gate fanout (10 mA) at the output with 4.5 to 5.5 V Vrjc

applied to the detector. This isolation and coupling is achieved

with a typical propagation delay of 55 nsec.

OUTLINE DRAWING*
- TYft I-. V. VBI

DIMENSIONS IN MILLIMETRES AND IINCHES!.

Recommended Operating
Conditions

TABLE I

Sym. Min. Max. Units

Input Current. Low Level

Each Channel 'FL 250 MA

Input Current, High Level

Each Channel 'FH 12.5" 20 mA
Supply Voltage vcc 4.5 5.5 V

Fan Out (TTL Load)

Each Channel N 6

Operating Tomperature TA -55 125 °C

Absolute Maximum Ratings*
(No derating required up to 1 25°C)

Storage Temperature -65°C to +1 50°C
Operating Temperature -55°C to +125°C
Lead Solder Temperature 260°C for 10s

(1.6mm below seating plane)
Peak Forward Input

Current (each channel) 40 mA (< 1 ms Duration)

Average Input Forward Current (each channel) 20 mA
Input Power Dissipation (each channel) 35 mW
Reverse Input Voltage (each channel) 5V
Supply Voltage - VCc 7V (1 minute maximum)
Output Current - Iq (each channel) 25 mA
Output Power Dissipation (each channel) 40 mW
Output Voltage - Vrj (each channel) 7V
Total Power Dissipation (both channels) 350 mW
• •

1 2.5mA condition permits at least 20% CTR degradation guardband.

Initial switching threshold is 10mA or less.

•JEDEC Registered Data.
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TABLE II

Electrical Characteristics
OVER RECOMMENDED TEMPERATURE (TA = -55°C TO +125°C) UNLESS OTHERWISE NOTED

Parameter

High Level Output Current

Low Level Output Voltage

High Level Supply Current

Low Level Supply Current

Input Forward Voltage

Input Reverse

Breakdown Voltage

Input-Output

Insulation Leakage

Current

Propagation Delay Time to

High Output Level

Propagation Delay Time to

Low Output Level

Symbol

'oh*

Vol*

cch"

'CCL

vv
BVR

*

ii-o-

tPLH*

tpHL*

Min. Typ.**

0.5

18

26

1.5

65

55

Max.

250

0.6

28

36

1.75

1.0

90

90

Units

HA

mA

mA

M

Test Conditions

Vcc 5.5V, V = 5.5V.

IF = 250uA

VCc » 5.5V. IF = 10mA
Iql (Sinking) = 10mA

VCC = 5.5V. I F =

(Both Channels)

Vcc = 5.5V, l F = 20mA
(Both Channels)

l F = 20mA. TA = 25°C

lR = 1QuA,TA = 25°C

V|_ = 1500Vdc,

Relative Humidity » 45%
TA = 25°C.t=5s

R L = 510ft, CL = 15pF,

l F = 13mA,TA = 25°C

R L = 510ft. CL = 15pF

lF = 13mA, Ta= 25°C

Figure

2,3

2,3

Note

1,9

2

6

TABLE III

Typical Characteristics at ta = 25°c, vcc = sv

"All typical values are at VCc 5V, TA - 25°

C

EACH CHANNEL
Parameter

Input Capacitance

Input Diode Temperature

Coefficient

Resistance (Input-Output)

Capacitance (Input-Output)

Input-Input Insulation

Leakage Current

Resistance (Input-Input)

Capacitance (Input-Input)

Output Rise-Fall Time

(10-90%)

Common Mode
Transient Immunity

at High Output Level

Common Mode
Transient Immunity

at Low Output Level

Symbol

C|N

AVp

ATA

C|-0

'm

Ri-ii -i

Cm
tr. tf

CM K

CM L

Min. Typ.

60

-1.9

1012

1.7

0.5

1012

0.55

35

100

-400

Max.

pF

Units

PF

mV/°C

£2

nA

ft

pF

V/us

V//JS

Test Conditions

0, f- 1MHz

l F = 20mA

V|_o 500V

f=1MHz

Relative Humidity 45%
Vw = 500V, t = 5s

Vw > 500V

f= 1MHz

RL = 510ft, CL = 15pF

l F = 13mA

VCM 10V (peak).

V'o (min.) = 2V,

RL - 510ft, l F = 0mA

VCM = 10V (peak),

V (max.) - 0.8V

RL - 510ft, l F = 10mA

Figure

6

Note

1

NOTES:
1. Each channel.
2. Measured between pint 1 through 8 shorted together and pin* 9

through 16 shorted together.
3. Measured between pins 1 and 2 or 5 and 6 shorted together, and

pins 9 through 16 shorted together.
4. Measured between pins 1 and 2 shortod together, and pins 5 and 6

shorted together.
5. The tpin propagation delay is measured from the 6.5mA point on

the trailing edge of the input pulse to the 1.5V point on the trailing
edge of the output pulse.

6. The tpH L Propagation dolav is measured from the 6.5mA point on
the leading edge of the input pulse to the 1.5V point on the leading
edge of the output pulse.

7. CM(_) is the max. tolerable common mode transient to assure that
the output will remain In a high logic state (I.e., Vq > 2.0V).

8. CM[_ Is tho max, tolerable common modo transient to assuro that
the output will remain In a low logic state (I.e.. Vq < 0.8V ).

9. It is essential that a bypass capacitor (.01 to O.ImF, ceramicl be con-
nected from Din 1 to pin 1 S. Total lead length between both ends of
the capacitor and the isolator pins should not exceed 20mm (Pig, 71.

•JEDEC Registered Daia.
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GND BUS (BACK)

High Reliability Test Program
Hewlett Packard provides standard high reliability test pro-

grams, patterned after MIL-M-38510.

• The TXV suffix identifies a part which has been precondi-

tioned and screened per Table IV.

• The TXVB suffix identifies a part which has been precondi-

tioned and screened per Table IV, and comes from a lot

which has been subjected to the Group B tests detailed in

Table V.

Part Number System

Figure 7. Recommended Circuit Board Layout.

TABLE IV TXV Preconditioning and Screening -100%

Commercial
Product

With TX
Screening

WfthTX
Screening

Phis Group B

6N134 6N134TXV 6N134TXVB

Examination or Test

MIL-STD-883
Conditions

Methods

1. Pre-Cap Visual Inspection

2. Electrical Teit: I h. Vol. 'CCH. IcCL. Vp. BVR- 'l-O
3. High Temperature Storage

4. Temperature Cycling

5. Acceleration

6. Helium Leak Ten
7. Gross Leak Test

a Electrical Test: Vol
9. Burn-In

10. Electrical Test: Same as Step 2
11. Evaluate Drift

12. Sample ElBCtrlcel Test: Iqh. Vol. "CCH. 'CCL
13. Sample Electrical Test: Iqh. VqL/ 'CCH' 'CCL
14. Sample Electrical Test: tpLH. tpuL
15. External Visual

2010

1008
1010
2001

1014
1014

1015

2009

Condition B
Per Table II.TA = 25°C
168 hrs. ©ISO'C
-6S°Cto-t1BO''C

5KG, Y,
Test Cond. A
Test Cond. C
Per Table ll,TA "25°C
168 hrs., TA - 125°C,
VCC=5.5V, lF-13mA. lo-25mA

Max. A Vol = l20%
Per Table II. LTPD = 7,TA = -55°C
Per Table II, LTPD = 7,TA - +125"C

PerTable II. TA - 25°C, LTPD = 7

TABLE V, GROUP B

Examination or Test

MIL-STD-883

LTPDMethod Condition

Subgroup 1 15
Physical Dimensions 2016 See Product Outline Drawing

Subgroup 2 20
Solderability 2003 Immersion within 2.5mm of body, 16

terminations

Subgroup 3 15
Temperature Cycling 1010 Test Condition C
Thermal Shock 1011 Test Condition A, 5 cycles
Hermetic Seal. Fine Leak 1014 Test Condition A
Hermetic Seal, Gross Leak 1014 Test Condition C,

End Points: l H, VOL. 'CCH- 'CCL. Vf, Par Table II, TA =25°C
BVr. t|.o

Subgroup 4 15
Shock, non-operating 2002 1500 G, t = 0.5 ms, 5 blows in each orientation

X1.V1,Y 2
Constant Acceleration 2001 5KG. Y,

End Points: Same as Subgroup 3

Subgroup 5 16
Terminal Strangth, tension 2004 Test Condition A. 4.SNI1 lb.), 15s

Subgroup 6
High Temperature Life 1008 TA = 160°C X= 7

End Points: Same as Subgroup 3

Subgroup 7 •

Steady State Operating Life 1005 Vcc - 5.5V, l F 13mA, l - 25mA, TA 125°C X-7
End Points: Same as Subgroup 3
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, HEWLETT
HM PACKARD

HERMETICALLY SEALED,
FOUR CHANNEL,

LOW INPUT CURRENT
OPTOCOUPLER

6N140

6N140 TXV

6N140 TXVB

TECHNICAL DATA MARCH 1980

Features
• HERMETICALLY SEALED
• HIGH DENSITY PACKAGING
• HIGH CURRENT TRANSFER RATIO: 500%
TYPICAL

• CTR AND Ioh GUARANTEED OVER -55°C
TO 100°C AMBIENT TEMPERATURE RANGE

• STANDARD HIGH RELIABILITY SCREENED
PARTS AVAILABLE

• 1500 Vdc WITHSTAND TEST VOLTAGE
• LOW INPUT CURRENT REQUIREMENT: 0.5 mA
• LOW OUTPUT SATURATION VOLTAGE: 0.1V

TYPICAL
• LOW POWER CONSUMPTION
• HIGH RADIATION IMMUNITY

Applications
• Isolated Input Line Receiver

• System Test Equipment Isolation

• Digital Logic Ground Isolation

• Vehicle Command/Control Isolation

• EIA RS-232C Line Receiver

• Microprocessor System Interface

• Current Loop Receiver

• Level Shifting

• Process Control Input/Output Isolation

! ~i r TVIVPE ;- V. VBi

hDXXXX'Vv

/ -. '-• •

PIN 1 IDENTIFIER

.•oce I lie,

.Oil! (ami

;- _':

HhTTj

li) 1 -

W-4

*J 4.32 1,170)

I MAK.™^

f
MIN

_ 239 1.090) 0.51 {.CM
Z.79 1.110) MAX.

DIMENSIONS IN MILLIMETERS
AND (INCHES).

3.01 U50I
MIN.

^

Outline Drawing*

Description
The 6N140 contains four GaAsP light emitting diodes,

each of which is optically coupled to a corresponding

integrated high gain photon detector. A common pin for

the photodiodes and first stage of each detector IC (Vcc!
permits lower output saturation voltage and higher speed
operation than possible with conventional photo-

darlington type optocouplers. Also, the separate Vcc P'n

can be strobed low as an output disable or operated with

supply voltages as low as 2.0V without adversely affecting

the parametric performance.

The outstanding high temperature performance of this

split Darlington type output amplifier results from the

inclusion of an integrated emitter-base bypass resistor

which shunts photodiode and first stage leakage currents

to ground.

The high current transfer ratio at very low input currents

permits circuit designs in which adequate margin can be
allowed for the effects of CTR degradation over time.

The 6N140 has a 300% minimum CTR at an input current

of only 0.5mA making it ideal for use in low input current

applications such as MOS, CMOS and low power logic

interfacing or RS-232C data transmission systems.

Compatibility with high voltage CMOS logic systems is

assured by the 1 8V Vcc and by the guaranteed maximum
output leakage :Ioh! at 18V.

Important specifications such as CTR, leakage current,

supply current and output saturation voltage are
guaranteed over the -55°C to 100°C temperature range to

allow trouble free system operation.

•JEDEC Registered Data.
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TABLE I

Recommended Operating
Conditions

Symbol Mln. Max. Units

Input Current, Low Level

(Each Channel)
'FL 2 fA

Input Current, High Level

(Each Channel)
'FH 0.5 S mA

Supply Voltage vCc 2.0 18 V

Absolute Maximum Ratings*
Storage Temperature -65°Cto*150°C
Operating Temperature -55°Cto 100°C
Lead Solder Temperature 260°Cfor 10s.

(1.6mm below seating plane)

Output Current, lo (each channel) 40mA
Output Voltage. Vo (each channel) -0.5to20VM!
Supply Voltage, Vcc -0.5to20Vl 1

l

Output Power Dissipation (each channel) ... 50mWl2
!

Peak Input Current (each channel,

$1 msduration) 20mA
Average Input Current, lp (each channel) 10mAl3 l

Reverse Input Voltage, Vr (each channel) 5VTABLE II.

Electrical Characteristics ta -55°cto ioo°c unless otherwise specified

Parameter Symbol Mln. Typ. Halt. Unlit Tell Condlllont Flfl- Note

Current Transfer Ratio CTR-
300
300
200

1000
750
400

%
%
%

lF=0.5mA, Vo=0.4V. Vcc=4.5V
lF=1.6mA, Vo=0.4V. Vcc=4.5V
lF=5mA, Vo=0.4V, Vcc=4.5V

3 4.5

Logic Low Output Voltage Vol
.1

2

.4

A

V
V

lF=.5mA, loc=1.5mA, Vcc=4.5V
lF=5mA, IOL=10mA, Vcc=4.5V 2 4

Logic High Output Current Ioh' .005 250 *.A
lF=2pA
Vo=Vcc=1BV 4.6

Logic Low Supply Current Iccl' 2 4. mA lF1=lF2=lF3=lF4=1.6mA
Vcc=18V

Logic High Supply Current ICCH* .010 40 *A
lF1=iF2=lF3=lF«"=0

Vcc=18V
Input Forward Voltage Vf- 1.4 1.7 V lF=1.6mA, Ta-25»C 1 4

Input Reverse Breakdown
Voltage BVr" 5 V Ih=10hA, Ta=25°C 4

Input-Output Insulation

Leakage Current Ii-o' 1.0 *A
45% Relative Humidity, TA=25°C,
t=5s.. Vi-o=1500 Vdc 7

Propagation Delay Time
To Logic High At Output tPLH"

25 60 *"S lF=0.5mA. RL=4.7kn. Vcc=5.0V, Ta=25°C 8

10 20 «s lF=5mA, Rl=680O, Vcc=5.0V, Ta-25*C 8
Propagation Delay Time
To Logic Low At Output tPHL

- 35 100 MS lF=0.5mA, RL=4.7kfl, Vcc=5.0V. Ta=25°C 8

2 5 /IS lF=5mA, R L=680n, Vcc=5.0V, Ta=25°C 8
Common Mode Transient
Immunity At Logic High
Level Output

CMh 500 1000 V/pS
If=0. R L=1.5kn
|VcMl=50Vp- , Vcc=5.0V. Ta=25°C 9 10,12

Common Mode Transient

Immunity At Logic Low
Level Output

CMl -500 -1000 V/„S
lF-1.6mA, RL=1.5kfi

|VcMl=50Vp- p . Vcc=5.0V. TA=25°C 9 11.12

TABLE III.

Typical Characteristics TA = 25°C, Vcc " 5V Each Channel

Parameter Symbol Mln. Typ. Max. Unit* Test Conditions FIQ. Note
Resistance Input-Output' Ri-0 10'2 n Vi-o=500 Vdc. TA=25°C 4,8

Capacitance (Input-Outputi Ci-o 1.5 PF f=1MHz, TA=25°C 4,8

Input-Input Insulation

Leakage Current ll-l 0.5 nA
45% Relative Humidity, Vi-i=500 Vdc,
Ta=25°C, t=5s. 9

Resistance > Input-Input > Ri-i 10'? n Vi-i=500Vdc, TA=25°C 9

Capacitance Input-Input. Ci-i 1 PF f=1MHz, Ta=25°C 9
Temperature Coefficient

of Forward Voltage
AVf
ATa -1.8

mV/
°C l F=1.6mA 4

Input Capacitance Cin 60 PF f=1MHz, Vf=0, Ta=25°C 4

NOTES, i Pin 10 ahouul be the rrcs; negative voltage at tie detector s de
Keeping Vcc bb low as possible, but greater ihan 2.0 volts, win provide
lowest total Ioh over temperature.

2. Output power is collector output power plus one lourth of total supply
power. Cerate at 1.26 mW/'C abovo 60' C.

3. Derate If at 0.25 mA^C above 80'C.
4. Each channel.

5 CURRENT TRANSFER RATIO is defined as the ratio of output
collector current, lo. to the forward LED input current. I*, times 100%.

6 i*-2MA for channel under test. For an other channels. i*«l0mA.
7 Oewce considered a two-terminal device: Pins i through 8 are shorted

together and pins 9 through 16 are shorted together

8 Measured between each nput pal' shorted together and all output
pins

9 Measured between adjacent input pairs shorted together, i.e. between
pins 1 anc 2 shonac together and pins 3 and 4 shorted together, etc.

10. CMh is the maximum lolorable common mode transient to assure that

the output will remain m a high logic state il.e. Vo > 2.0V i.

11. CMl isihe maximum tolerable common mode transient to assure that

the output will remain .n a low logic stale nt Vo * 0.8V
12. in applications where dV/dt may eacead 50.000 V/>is :such as a stattc

discharge a series resistor. Rcc. should ce included to protect the

detecfor iC's from destructively hign surge currents. The recom-
mended value is Roc W nn.

•JEDEC Registered Data.
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IS NOT USED.

Figure 10. Recommended drive circuitry

using TTL logic.

•JEDEC Regislered Data.
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Hewlett Packard provides standard high reliability test

programs, patterned after MIL-M-38510 in order to
facilitate the use of HP products in military programs.

HP offers two levels of high reliability testing:
• The TXV suffix Identifies a part which has been

preconditioned and screened per Table IV.

• The TXVB suffix identifies a part which has been
preconditioned and screened per Table IV, and comes
from a lot which has been subjected to the Group B
tests detailed in Table V.

TABLE IV TXV Preconditioning and Screening - 100%

High Reliability Test Program

Part Number System

Commercial

Product

WithTXV
Screening

With TXV
Screening

Plus Group B

6N140 6N140TXV 6N140TXVB

Examination or Test
MIL-STO-883

Conditions
Methods

1. Pre-Cap Visual Inspection

2. High Temperature Storage

>.:&-;. Temperature Cycling

4. Acceleration

5. Helium Leak Test

6. Gross Leak Test

7. Electrical Test CTR.Ioh. IcCL.

ICCH.VF.BVR :

a Burn-In

9. Electrical Test: Same as step 7 and Ii.q

10. Evaluate Drill

11. Sample Electrical Test: CTR, Iqh. 'CCL. 'CCH
12. Sample Electrical Test: CTR, Ion. 'CCL- 'CCH
13. Sample Electrical Test: tpH L. tPLH. CMh. CML
14. External Visual

OEO Procedure

1008

1010

2001

1014

1014

1015

2009

72-4063, 72-4064

72hrs. @150= C
-66°Cto+150''C
5KG, Y,

Cond.A
Cond. C

Ta 25° C, per Table II

VCC - 18V. I F - 5mA. I = 10mA
t - 168 hrs. @TA - 100°C
TA « 25°C. per Table II

Max. ACTR > -25%@ In - 1.6mA
Par Table II. LTPD = 7. TA = -S5°C
Per Table II, LTPD - 7, TA - +100°C
Per Table II, LTPD" 7,TA - 25°C

TABLE V, Group B

Examination or Test
MIL-STD-883

Method Condition
LTPD

Subgroup 1

Physical Dimensions 2016 See Product Outline Drawing 15

Subgroup 2
Solderabiiity

Subgroup 3

2003 Immersion within 2.5mm of body,
16 terminations

20

Temperature Cycling 1010 Test Condition C 15
Thermal Shock

Hermetic Seal, Fine Leak

Hermetic Seal. Gross Leak

1011

1014

10X4

Test Condition A, 5 cycles

Test Condition A
Test Condition C

End Points:

CTR, Ioh. ICCL. 'CCH. V F . BVR Per Table II, TA = 26°

C

Subgroup 4
Shock, non-operating 2002 1 500 G, t - 0.5 ms, 5 blows in each orientation 15

Constant Acceleration 200!
Xl.Yl.Y 2
5KG, Y,

End Points:

Same as Subgroup 3

Subgroups

Terminal Strength, tension 2004 Test Condition A, 4.5N (1 lb.), 15s. 15

Subgroup 6
High Temperature Life

End Points:

1008 TA » 15ryc, non-operating X- 10

Same as Subgroup 3 .':

Subgroup 7

Steady State Operating Life

End Points:

1005 VCc - '8V, If • 5mA, l = 10mA. TA = 100°C X-10

Same as Subgroup 3
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m HEWLETT
PACKARD

DUAL CHANNEL
HERMETICALLY

SEALED
OPTOCOUPLER

4N55

4N55 TXV

4N55 TXVB

TECHNICAL DATA MARCH 1980

DATE CODE ,

1

r

:-^£Z TYPE I-. V, VSI

hpXXXX YY

4N5S

PIN 1 IDENTIFIER

7.371
7.871;8

0.18(.007|

533 tafs)

gasM
4321.1701
MAX.

0.51 I.OMI
M1N.

KM)

129 1.0901 0.61 I.OJOI

1 79 (1101 MAX.

3.B1 (.160)
_,

MIN.

DIMENSIONS NVILUMI I'.ES AND (INCHES!.

?i£<l

Outline Drawing

Features
• HERMETICALLY SEALED

• HIGH SPEED: TYPICALLY 400k blt/s

• PERFORMANCE GUARANTEED OVER -55°

C

TO +125° C AMBIENT TEMPERATURE RANGE
• STANDARD HIGH RELIABILITY SCREENED
PARTS AVAILABLE

• 2 MHz BANDWIDTH
• OPEN COLLECTOR OUTPUTS
• 18 VOLT Vcc
• DUAL-IN-LINE PACKAGE
• 1500 Vdc WITHSTAND TEST VOLTAGE
• HIGH RADIATION IMMUNITY

3 h
ANODE o

4 V'
:

CATHODE o

7 Jf
ANODE O

8
V
' l

CATHODE £

|Q

-0M^v

-o 13

IB
GND

-,16

J
ice

- '0

Vcc

_ 9

*-« v

-o">

Sen.

l>
GND

-a 12

matic

^"v.

Applications

Description
The 4N55 consists of two completely isolated opto-

coupiers in a hermetically sealed ceramic package. Each
channel has a light emitting diode and an integrated

photon detector providing 1500 Vdc electrical isolation

between input and output. Separate connections for the

photodiodes and output transistor collectors improve the

speed up to a hundred times that of a conventional photo-

transistor optocoupler by reducing the base-collector

capacitance.

• HIGH RELIABILITY SYSTEMS

• LINE RECEIVERS

• DIGITAL LOGIC GROUND ISOLATION

• ANALOG SIGNAL GROUND ISOLATION

• SWITCHING POWER SUPPLY FEEDBACK
ELEMENT

• VEHICLE COMMAND/CONTROL
• SYSTEM TEST EQUIPMENT
• LEVEL SHIFTING

The 4N55 is suitable for wide bandwidth analog

applications, as well as for interfacing TTL to LSTTL or

CMOS. Current Transfer Ratio iCTRi is 9% minimum at If

= 16mA over the full military operating temperature range,

-55° C to +1 25° C. The 18V Vcc capability will enable the

designer to interface any TTL family to CMOS. The
availability of the base lead allows optimized gain/

bandwidth adjustment in analog applications. The
shallow depth of the IC photodiode provides better

radiation immunity than conventional phototransistor

couplers.
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Absolute Maximum Ratings
Storage Temperature -65°C to +150°C
Operating Temperature -55°C to +125°

C

Lead Solder Temperature 260°Ctor10s
(1.6mm below seating plane;

Average Input Current. If (each channel l 20mA
Peak Input Current, If (each

channel, < 1ms duration) 40mA
Reverse Input Voltage, Vr (each channel 5V
Input Power Dissipation ;each channel) 36mW
Average Output Current, lo (each channel; 8mA
Peak Output Current, lo (each channel) 16mA
Supply Voltage, Vcc (each channel) -0.5V to 20V
Output Voltage, Vo 'each channel) -0.5V to 20V.

TABLE II.

ClGCtnCal CnaraCteriStiCS TA = -55° C to + 125°C, unless otherwise specified

Emitter Base Reverse Voltage, Vebo 3.0V
Base Current, Ib (each channel! 5mA
Output Power Dissipation (each channel) 50mW
Derate linearly above 100° C free air

temperature at a rate of 1.4mW/°C.

TABLE I.

Recommended Operating
Conditions (each channel)

Symbol Mln. Max. Unit*

Input Current. Low Level IFL 250 mA
Supply Voltage Vcc 2 18 V

Parameter Symbol Min. Typ.* Max. Units Test Condition* Fin- Note
Current Transfer Ratio CTR 9 20 % lF=16mA, Vo=0.4V, Vcc=4.5V 2,3 1.2

Logic High Output Current lOH 20 100 /A
If=0, If (other channel )=20mA
Vo=VCc=18V 4 1

Output Leakage Current
lOHl 70 250 <iA

If=250/jA, If i other channel )=20mA
Vo=Vcc=18V 4 1

Logic Low Supply Current ICCL 35 200 mA lFi=lF2=20mA, Vcc=18V 5 1

Logic High Supply Current ICCH 0.2 10 mA
lF=0mA. If iother channel =20mA
Vcc=18V 1

Input Forward Voltage Vf 1,5 1.8 V lF=20mA 1 1

input Reverse Breakdown
Voltage Bvr 3 V Ir=10uA 1

Input-Output Insulation

Leakage Current ll-O 1.0 MA
45% Relative Humidity,

Ta=25°C, t=5s, Vi-o=1500Vdc 3

Propagation Delay Time
to Logic High at Output tPLH 2.0 6.0 *<s

RL=8.2Kn. C L=50pF
lF=16mA, VCc=5V

6,9 1

Propagation Delay Time
to Logic Low at Output tPHL 0.4 2.0 us

Rl=8.2K!!. Cl=50pF
lF=16mA, Vcc=5V 6,9 . 1

Notes: 'All typicals at TA=25°C.
1. Each channel.
2. Current Transfer Ratio is defined as ihe ratio of output collector current, lo, to the forward LED input current. If. times 100%. CTR isknown to degrade slightly over the unit's lifetime as a function of input current, temperature, signal duty cycle and system on time

Reter lo Application Note 1002 for more detail. In short it is recommended that designers allow at least 20-25% quardband
for CTR degradation.

3. Measured between pins 1 through 8 shorted together and pins 9 through 16 shorted together.
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TABLE Ml.

Typical Characteristics at TA=25°C

Parameter Symbol Typ. Units Test Conditions Fig. Note

Temperature Coefficient

of Forward Voltage

AVf
^ta

-1.9 mV/°C lr=18mA .1

Input Capacitance Cm 120 pF f=1 MHz, Vf=0 1

Resistance i Input-Output' Ri-o 1012 n Vi-o=500 Vdc 1

Capacitance (Input-Output) C|-0 1.0 pF f=1 MHz 1.4

Input-Input Insulation

Leakage Current
ll-l 1 PA

45% Relative Humidity,

Vl-l=500Vdc, t=5s
5

Capacitanco Input-input Ci-i .55 PF f=1 MHz 5

Transistor DC Current Gain hFE 250 — Vo=5V, lo=3mA 1

Small Signal Current

Transfer Ratio

AlO

AlF
21 % Vcc=5V, Vo=2V 7 1

Common Mode Transient

Immunity at Logic High
Level Output

CMh 1000 V/M s

lF=0, RL=8.2kP.

VcM=10Vp-p 10 1,6

Common Mode Transient

Immunity at Logic Low
Level Output

CMl -1000 V/M s

lF=16mA, Ri=8.2kn

;VcM--=10Vp-p 10
:
1,7

Bandwidth BW 2 MHz Rl=ioo.q 8 8

Notes .cont •:

4 Measured between each input pair shorted together and the output pins tor that channel shorted together.

5. Measured between pins 3 and 4 shorted together and pins 7 and 8 shorted together.

6. CMh is the steepest slope idV/dt; on the leading edge ot the common mode pulse. Vcm, for which the output will remain in the

Ifinlr hinh etoTOrogic nign state.

7. CMl is the steepest slope >dV/dt> on the trailing edge ol the common mode pulse. Vcm, for which the output will remain in the

logic low state.

Bandwidth is the frequency at which the ac output voltage is 3dB below the low frequency asymptote
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Figure 5. Logic Low Supply Current vs. Input Oioda
Forward Current.
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Figure 6. Propagation Delay vs. Temperature.
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Figure 7. Normalized Small Signal Current Transfer Ratio vs.

Quiescent Input Current.
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Figure 8. Frequency Response.
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Figure 9. Switching Test Circuit.
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Vcm 10V-
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SWITCH ATA: I, -OmA

SWITCH AT B: If-lSmA

SO* DUTY CYCLE
\li 10CL.I

^^

I

pH

."*

-4*
HP19COA

PULSE GEN.
I

Figure 10. Test Circuit for Transient Immunity and

Typical Waveforms.

LOGIC FAMILY LSTTL CMOS

DEVICE NO. S4LS14 1 CO40I06BM

Vcc SV 5v ;isv

TOLERANCE MBkfl
1

•THE EOUIVALENT OUTPUT LOAD RESISTANCE IS AFFECTED
BY THE LSTTL INPUT CURRENT AND IS APPROXIMATELY B.2M1.

This Is a worst case design which takes into account 25%
degradation of CTR. See App. Note 1002 to assess actual

degradation and lifetime.

Figure 11. Recommended Logic Interface.

High Reliability Test Program
Hewlett-Packard provides standard high reliability test

programs, patterned after MIL-M-38510.

e The TXV suffix identifies a part which has been

preconditioned and screened per Table IV.

e The TVXB suffix identifies a part which has been

preconditioned and screened per Table IV, and

comes from a lot which has been subjected to the

Group B tests detailed in Table V.

Part Number System

Commercial
Product

With TXV
Screening

With TXV
Screening

Plus Group B

4N55 4N55TXV 4N55TXVB

I \A^-

-rt

Vcc Vcc
+S.BV +3.5V

270n

-wv—

f

2701

-VW '

Burn-in-Circuil
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TABLE IV. TXV PRECONDITIONING AND SCREENING - 100%

Examination or Test

MIL-STD-883

Methods Conditions

1, Pre-Cap Visual Inspection 2010 Condition B :

2. High Temperature 1008 24 Hrs. @ 150°C

3. Temperature Cycling 1010 65°Cto+150°C
4. Acceleration 2001 5kG. Yi

5. Helium Leak Test 1014 Test Condition A
6. Gross Leak Test ' 1014 Test Condition C
7. Electrical Test: CTR Per Table II. Ta = 25°C
8. Burn-In 1015 168 Hrs., TA = 125°C

Vcc = 5.5V. If = 20mA, Voc =

R L = 270f!

3.5V

9. Electrical Test:

CTR, Ioh, Iccl. Icch. Vf, BVr, h-o Per Table II.Ta = 25°C
10. Evaluate Drift Max. dCTR = ±20%
11 Sample Electrical Test:

Ioh. Icch, Iccl. CTR. Vf, AVr Per Table II, LTPD = 5, Ta = -55°

C

12. Sample Electrical Test:

Ioh. Icch. Iccl, CTR, Vf, BVr Per Table II, LTPD = 5, Ta = +125°C
13. Sample Electrical Test:

tPHL, tPLH Per Table II, Ta = 25°C, LTPD = 5

14. External Visual 2009

TABLE V. GROUP

B

Examination or Test

MIL-STD-883

LTPDMethod Condition

Subgroup 1 15
Physical Dimensions 2016 See Product Outline Drawing

Subgroup 2 20
Solderability 2003 Immersion within 2.5mm of body. 16

terminations

Subgroup 3 15
Temperature Cycling 1010 Test Condition C
Thermal Shock 1011 Test Condition A
Hermetic Seal. Fine Leak 1014 Test Condition A
Hermetic Seal, Gross Leak 1014 Test Condition C
End Points: Ioh. CTR, Icch, Iccl. Vf. Per Table II, Ta = 25°

C

BVr, Ii-o

Subgroup 4 15
Shock, non-operating 2002 1500 G, t = 0.5 ms, 5 blows in each orientation

Xi, Yi, Y 2

Constant Acceleration 2001 5KG, Y-

End Points: Same as Subgroup 3

Subgroup 5 15
Terminal Strength, tension 2004 Test Condition A. 4.5N (1 lb. . 15s

Subgroup 6
High Temperature Life 1008 Ta = 150°C \ = 7
End Points: Same as Subgioup 3

Subgroup 7
Steady State Operating Life 1005 Vcc = SV. If = 20mA, Ta = 125°C X = 7

End Points: Same as Subgroup 3 Vcc = 3.5V. RL = 27011
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RUN

OFF

PHONO

Solid State Lamps
Selection Guide

Red, High Efficiency Red, Yellow

and Green Lamps

Integrated Lamps

Hermetically Sealed Lamps

Panel Mounting Kit
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High Efficiency Red, Yellow, Green LED Lamps
Devic* Description

Typical

Luminous

Intensity

26M 1"
Typical

Forward

Voltage

Page

No. |Package Outlina Drawing Part No. Color® Package Lens

5082-4550 Yellow

(538 nm)

M*« Yellow

Diffused

1.8mcd@l0mA
90°

2.2 Volts

S> 10mA
113 I

5082-4555 3.0 mod© 10mA

/
N
\ 5082-4557 Yellow

Non-Diffused

9.0 mcd ®1 0mA
35°

5082-455B 16.0 mcd @10mA

5082-4650 High

Efficiency

Red

(635 nm)

Red

Diffused

2.0 mcd @ 10mA
90°

5082-4655 4.0 mcd® 10mA

5082-4657 Red

Non-Diffused

12.0 mod® 10mA
35°

5082-4658 24.0 mcd@ 10mA

f
3 ° ')

5082-4950 Green

1565 nm)

Green

Diffused

1.8 mcd @ 20mA . 1 2.4 Volts
90 t?20mA

6082-4956 3,0 mcd @ 20mA

5082-4957 Green

Non-Diffused

9.0 mcd®20mA
30°

5082-4958 16.0 mcd 020mA

o
5082-4590 Yellow

(638 nm)

T-1*

Low Profile

Yellow

Diffused

3.5 mcd® 10mA
50°

2.2 Volts

910mA
117

(

5082-4592 6.0 mcd® 10mA

5082-4595 Yellow

Non-Diffused

6.5mcd@10mA
45°

.1
5082-4597 11.0 media 10mA

"I

5082-4690 High

Efficiency

Red

(636 nm)

Red
Diffused

3.5 mcd ©10mA
50°

5082-4693 7.0 mcd @ 10mA

5082-4694 Red

Non-Diffused

8.0mcd@10mA
45°

5082-4695 11.0mcd®10mA

[
D a

1

5082-4990 Green

(565 nm)

Green

Diffused

4.5 mcd®20mA
50°

2.4 Volts

®20mA

5082-4992 7.5 mcd®20mA

5082-4986 Green

Non-Diffused

6.5 mcd @ 20mA
40°

5082-4997 11.0 mcd® 20mA

See Page 111 for Notes.
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High Efficiency Red, Yellow, Green LED Lamps (continued

Sea Page 111 for Nous.
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High Efficiency Red, Yellow, Green Light Bar Modules

Device

Package Outline Drawing Part No.

Description

Package

Typical

Luminous

Intensity

2&A ["
Typical

Forward

Voltage

Page

No.

HLVIP-2300 Hi'n 4Pinln-Linc;.100"
Efficiency

C|lnt8rs . A0Q
..

L ,
Red

(635 nml

HLV.P-2400

HL.V.P-2500

Yellow

1538 nm)

Green

(565 nml

.195"W x ,240"H

HLMP-2350 High

Efficiency

Red

(635 nml

8 Pin ln-Line;.100"

Centers; .800"L x

.195"Wx.240"H

Red

Diffused

Yellow

Diffused

Green

Diffused

Red

Diffused

HLMP-2450 Yellow

(538 nml

HLMP-2550

HLMP-2600

HLMP-2700

Green

(565 nm)

High

Efficiency

Red

1635 nm)

Yellow

Diffused

Green

Diffused

8 Pin DIP:. 100"

Centers;.400 L »

.4O0'\V « -240"H:

Dual Arrangement

Yellow

(538 nml

HLMP-2800

HLMP-2620

HLMP-2720

HLMP-2B20

Green

(565 nm)

High

Efficiency

Red

(635 nm)

Red

Diffused

Yellow

Diffused

Green

Diffused

Yelluw

(538 nm)

Green

(565 nm)

16 Pin DIP;. 100" i Red

Centers; .800"L x Diffused

.400"W x .240"H;

Quad Arrangement

Yellow

Diffused

Green

Diffused

See Page 1 1 1 for Notes.

7 media20mA (Not

Appli-

cable)

5 met! I? 20mA

3.5mcdS>20TiA

15mco®20mA

11 mcd6>20mA

7.5 med®20mA

7mcd©20mA

5 med & 20mA

3.5 mcd@20mA

7mcdG>20mA

5mcrlS820mA

3.5 med© 20mA

1.9 Volts

IS 20mA

2.0 Volts

@ 20mA

2.1 Volts

IS 20mA

1.9 Volts

6» 20mA

2.0 Volts

4> 20mA

2.1 Volts

I»i 20mA

2.2 Volts

5> 20mA

139

2.1 Volts

©20mA

2.2 Volts

©20mA
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High Efficiency Red, Yellow, Green Light Bar Modules (continued)

Device

Package Outline Drawing Pari No.

Description

Colo.'
1

Package

Typical

Luminous

Intensity

20* "

Typical

Forward

Voltage

Paje

No.

HLMP-2735

HLMP-2835

High

Efficiency

Red

(635 nm)

Yellow

(538 nml

Green

(565 nml

16 Pin DIP;. 100" Red

Centers, .800"L x |
Diffused

.400"W x .240"H;

Dual Bar Arrange-

ment

Yellow

Diffused

Green

Diffused

HLMP-2655 High

Efficiency

Red

(635 nml

HLMP-2755

HLMP-2855

Yellow

(538 nml

HLMP-2670

[

HLMP-2770~—*
HLMP-2870

HLMP-2685

HLMP-2785

HLMP-2885

Green

(565 nm)

High

Efficiency

Red

(635 nm)

8 Pin DIP:. 100" ! Red

Centers; .400"L x Diffused

,400"W x .240"H:

Square Arrange-

ment

Yellow

Diffused

Green

Diffused

Yellow

(538 nml

Green

(565 nm)

High

Efficiency

Red

(635 nm)

Yellow

(538 nm)

Green

(565 nml

16 Pin DIP. 100"

Centers; .800"L x

,400"W x .240"H;

Dual Square

Arrangement

16 Pin DIP. .100"

Centers; .800"L x

.400"W x .240"H;

Single Bar Arrange-

ment

Red

Diffused

Yellow

Diffused

Green

Diffused

Red

Diffused

Yellow

Diffused

Green

Diffused

14 med §>20mA

1 med @ 20mA

7 mcdP 20mA

1 4 med @ 20mA

1 med @ 20mA

7 med 20mA

14 med®20mA

10 med© 20mA

7 med « 20mA

28 med @20mA

20 med @ 20mA

14 med ® 20mA

I Not

Appli-

cable)

2.1 Volts

©20mA

2.2 Volts

©20mA

2.1 Volts

»20mA

2.2 Volts

- 20-,

A

2.1 Volts

©20mA

2.2 Volts

19 20mA

2.1 Volts

6= 20mA

2.2 Volts

@20mA

139

See Page 111 for Notes.
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Red LED Lamps

Package Outline Drawing Pari No.

Description

Color- Package

Typical

Luminous

Intensity

2011"

Typical

Forward

Voltage

Red

(655 nm)

T-1*'"

6082-4865

5082-4-103

5082-4410

5082-4415

5082-4880

5082-4883

5082-4886

5082-4881

F.C32-43H-:

5082-488/

5082-4882

5082-4881

5082-4888

Cfc=©
5082-4790

5082-4791

CK O
5082-4484

5082-4494

5082-4480

eg

5082-4486

Sai Parje 1 1 1 for Notes.

-:

141

T-1S

Low Profile

Red

Diffused

Clear

Non-Diffused

Clear

Diffused

0.8 med §> 20mA

BS

1 .4 med @ 20mA

1. 2 med @ 20mA

0.7 med @ 20mA

1.2 med ©20mA

75°

0.7 med® 20mA

0.8 med © 20mA 58°

50°

65°

Red

Diffused

Clear

Non-D :

f1uieC

Clear

Diffused

Red

Diffused

1.3 meet? 20mA

1 .8 med S> 20mA

Clear

Non-Diffused

I Clear

I Diffused

50°

65'

58

50°

65
=

Red

Diffused

1.2 med S>20mA

2.5 med © 20mA

BC

Red

iffused

1.4 med »20mA

0.8 met! ? 20mA

Clear

Difused

Clear

Non-Diffused

1.6 Volts

®20mA

120°
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Red LED Lamps (continued:

Device

Package Outline Drawing Part No.

Description

Color 21 Package

Typical

Luminous

Intensity

2(-M !

Typical

Forward

Voltage

Page

No.

CK
5082-4487 Red

(655 nm)

5082-4488

5082-4100

5082-4101

HLMP-6203

HLMP-6204

HLMP-6205

T-1

Low Profile
141

Clear

Non- Diffused

Subminiature

Radial Leads

Subminiature Arrav

Radial Leads

Red

Diffused

0.8 mcd@ 20mA
120°

1.6 Volts

9 20mA
Guaranteed Min.

0.3 mcd© 20mA

0.5 mod 9 10mA

45°

1.6 Volts

@ 10mA

10 mod 9 10mA

131

153

Integrated LED Lamps

Package Outline Drawing Part No.

Description

Color '' Package Lens

Typical

Luminous

Intensity

20a" 1

Typical ?,v
Foiward No
Voltage

HLMP-3600
High Eff.

Red

1635 nml

T-1V

HLMP-3650 Yellow

(538nm)

HLMP-3680 Green

(565 nml

Red

Diffused

Yellow

Diffused

HLMP-3105

HLMP-3112

5082-4061

5082-4468

Red

(665 nml

CK
5082-4732

HLMP-6600

Q

Green

Diffused

2.4mcd*>5V

1.8mcdS>5V

Red

Diffused

1.5mcdif>5V

90°

15mA
S>5V

16b

20mA
@6V

157

14mA
@12V

0.8mod@5V 58° 16mA
® 5V

159

T-1 Ml Clear

Diffused

HLWP-6620

Subminiature;

Radial Leads

Red

Diffused

0.7 mode 2.75V

2.4 mod 95V

0.6mcd«*V

70°

95° 13mA
«>2.75V

161

90" 9.6mA
S>6V

183

3.5mA

«"5V

NOTES: I. 0*4 is the off-axis angle at which the luminous intensity is half the axial luminouj intensity.

2. Peak Wavelength

3. Panel Mountable. For Panel Mounting Kit, see page 171.

4. PC Board Mountable

5. Military Approved and qualified for High Reliability Applications.
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Hermetically Sealed and High Reliability LED Lamps

Package Outline Drawing Part No.

Description

Color 12
I Package

Minimum
Luminous
Intensity

2954111

Typical

Forward

Voltage

See Pago 1 1 1 for Notes.

IN 5765

JAN1NS765I51

JANTX1N5765I5 '

IN6092

JAN1N6092*!

JANTX1N6092'5 '

1N6093

JANIN6O.93I51

JANTX1N6093' 5:

Red

(655 ran)

High

Efficiency

Red

(635 nml

Yellow

(583 nml

IN 6094

JAN 1N6094'6 !

JANTX1N6094 151

5082-4787

HLMP-0930'61

HLMP-093115 '

5082 4687

Ml 9500/51901 l51

Ml 9500/5 19-02'6'

Greon

(565 nml

Hermetic/TO^e 14 ' Red

Diffused

0.5 mcd @ 20mA

1 .0 mcd tp 20m

A

Yellow

Diffused

Green

Diffused

0.8 mcd G1 25mA

Red

(655 nml

High

Efficiency

Red

(635 nml

Panel Mount

Version

Red

Diffused

5082-4587

Ml9500/5200 1
Is1

Ml 9500/520-02 BI

5082-4987

M 19500/521-01 :6>

M 19500/52 1-02 Is
'

Yellow

(583 nm)

Green

(565 nm)

Yellow

Diffused

0.5 mcd @ 20mA

1.0 mcd • 20mA

Green

Diffused

0.8 mcd ©25mA

70°
. 1.6 Volts

©20mA

2.0 Volts

19 20mA

2.1 Volts

6>20mA

1.6 Volts

20mA

2.0 Volts

9 20mA

2.1 Volts

S>20mA
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m HEWLETT
PACKARD

SOLID STATE LAMPS

HIGH EFFICIENCY RED
YELLOW
GREEN

5082-4650 Series

5082-4550 Series

5082-4950 Series

TECHNICAL DATA MARCH 1980

Features
• HIGH INTENSITY

• CHOICE OF 3 BRIGHT COLORS
High Efficiency Red
Yellow
Green

• POPULAR T-1'A DIAMETER PACKAGE
• LIGHT OUTPUT CATEGORIES
• WIDE VIEWING ANGLE AND NARROW
VIEWING ANGLE TYPES

• GENERAL PURPOSE LEADS
• IC COMPATIBLE/LOW CURRENT
REQUIREMENTS

• RELIABLE AND RUGGED

Description
The 5082-4650 and the 5082-4550 Series lamps are
Gallium Arsenide Phosphide on Gallium Phosphide
diodes emitting red and yellow light respectively. The
5082-4950 Series lamps are green light emitting Gallium
Phosphide diodes.

General purpose and selected brightness versions of both
the diffused and non-diffused lens type are available in

each family.

Package Dimensions

J. AH.Dn»FNS>ON3.V»> l-i VIlllVETRES '.NCHCS-
.7, SILVPRPlATEDLfADS. SEC AWUCATIO* BULLHTtrg 3.

3- AN (POXY MfcNiSCUiiMAV EXTEND ABOUl 1mm
IOW1 OOWN the LEADS.

Part

Number
5082- Application Lens

|
Color

4650

4655

4657

4658

Indicator —
General Purpose

Diffused

Indicator —
High Ambient

Wide Angle
High

Efficiency

Red
Illuminator/Point

Source
Non Diffused

Illuminator/High

Brightness

Narrow Angle!

4550

4555

4557

4558

Indicator

General Purpose
Diffused

Wide Angle

Yellow

Indicator —
High Ambient

Illuminator/Point

Source
Non-Diffused

Narrow AngleIlluminator/High

Brightness

4950

4955

4957

4958

Indicator —
General Purpose

Diffused

Wide Angle

Green

Indicator —
High Ambient

Illuminator/Point

Source
Non-Diffused

Narrow AngleIlluminator/High

Brightness
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Electrical Characteristics at TA=25°C

Symbol Description

Device

5082- Min. Typ. Max. Unfts Test Conditons

lv Luminous Intensity

4650
4655
4657
4658

1.0

3.0

9.0

15.0

2.0

4.0

12.0

24.0

mcd. lF = 10mA
(Fig. 3)

1

4550
4555
4557
4558

1.0

2.2

6.0

12.0

1.8

3.0

9.0

16.0

mcd. If = 10mA
(Fig. 8)

4950
4955
4957
4958

1.0

2.2

6.0

12.0

1.8

3.0

9.0
16.0

mcd. If = 20mA
(Fig. 13)

26* Included Angle
Between Half

Luminous Intensity

Points

4650
4655
4657
4658

90
90
35
35

Deg. lF 10mA
See Note 1 (Fig. 6)

4550
4555
4557
4558

90
90
35
35

Deg. If - 10mA
See Note 1 (Fig. 11)

4950
4955
4957
4958

90
90
30
30

Deg. lF = 20mA
See Note 1 (Fig. 16)

Veak Peak Wavelength 4650s

4550s
4950s

635
583
565

nm Measurement at Peak
(Fig. 1)

Xd Dominant Wavelength 4650s

4550s
4950s

626
585
572

nm SeeNote2(Fig.1)

rs Speed of Response 4650s
4550s
4950s

90
90

200

ns

C Capacitance 4650s
4550s
4950s

16
18
18

pF VF = 0. f = 1 MHz

0JC Thermal Resistance 4650s
4550s

4950s

135
135
145

°C/W Junction to Cathode
Lead at Seating Plane

i

VF Forward Voltage 4650s
4550s
4950s

2.2

2.2

2.4

3.0

3.0

3.0

V lF = 10mA (Fig. 2.

IF = 10mA Fig. 7.

IF = 20mA Fig. 12)

bvr Reverse Breakdown Volt. All G.O V Ir = 100mA

lv Luminous Efficacy 4650s
4550s
4950s

147
570

665

lumens/wan See Note 3

NOTES:

. 01,^ is the off-axis angle al which the luminous intensity is half the axial 1

2. The dominant vavelength. X . is dofived from the CIE chromaticitv diagfs

3. Radiant intensity. Ia , in watts/steradian. may be found from the equation

efficacy In lumens/watt

minous Intensity.

m and represent! the single wavelength vvh

le^ly/^v. where |V is the luminous intonsit

ch defines the color of the device.

1 in cundelos ond ivis the luminous

•
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Absolute Maximum Ratings at TA=25°C

Parameter
High Efficiency Red

4650 Series

Yellow
4550 Series

Green
4950 Series

Units

Power Dissipation 120 120 120 mW
DC Forward Current 20l'l 20H 1 30fc»I mA
Peak Operating Forward Current 60

(Fig. 5)

60
(Fig. 10)

60
(Fig. 15)

mA

Operating and Storage Temperature Range -55°C to -100°C

Lead Solder Temperature (1.6mm[0.063

inch) below package base)
260°C for 5 seconds

1, Derate from 50° Cat 0.2mA/°C
2. Derate (rom 50° C at 0.4mA/°C

800 050

WAVELENGTH -ran

Figure 1. Rolative Intensity vs. Wavelength.

High Efficiency Red 5082-4650 Series

it

10

1

rA - k-c

!

1

I

"0 ,B 1.0 14 30 9.C 30

V, - FORWARD VOLTAGE -V

Figure 2. Forward Current vs.

Forward Voltage

Figure 5. Maximum Tolerable Peak Cur-

rent vs. Pulse Duration. (IqqMAX
as per MAX Ratings.)

II

p

— TA _a"

1
'

1 5 20

I
Is

||
11

jf'T 1

tf

I i _ _
\f - FORWARD CURRthT-mA

Figure 3. Relative Luminous Intensity

vs. Forward Current.

10 M 30 *0 50 60

W*« - PEAK CURRENT - mA

Figure 4- Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.

10" 20' »' »" 50" W 70" BO 00* 100

Figure 6. Relative Luminous Intensity vs. Angular Displacement.
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Yellow 5082-4550 Series
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Figure 7. Forward Currant vs.

Forward Voltage.

10 100 1O0O 10.000

, - PULSE DURATION --»

Figure 10. Maximum Tolerable Peak Cur-

rent vs. Pulse Duretion. (Iqq MAX
as per MAX Ratings)
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Figure 8. Relative Luminous Intensity

vs. Forward Current.

Figure 9. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.

Figure 11. Relative Luminous Intensity vs. Angular Displacement.

Green 5082-4950 Series
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Figure 12. Forward Current vs.

Forward Voltage.

10 100 1000
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Figure 15. Maximum Tolerable Peak Cur-

rent vs. Pulse Duration. Hqq MAX
as per MAX Ratings)
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Figure 13. Relative Luminous Intensity

vs. Forward Current.
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Figure 14. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.

:
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Figurt 16. ReUlive Luminous Intensity vs. Anjular Displacement.
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HEWLETT
PACKARD

LOW PROFILE SOLID STATE LAMPS
RED • 5082-4790 SERIES

HIGH EFFICIENCY RED • 5082- 4690 SERIES

YELLOW • 5082-4590 SERIES

GREEN • 5082-4990 SERIES

TECHNICAL DATA MARCH 1980

Features
• HIGH INTENSITY

• LOW PROFILE: 5.8mm (0.23 In) NOMINAL
• T-1% DIAMETER PACKAGE
• LIGHT OUTPUT CATEGORIES
• DIFFUSED AND NON-DIFFUSED TYPES
• GENERAL PURPOSE LEADS
• IC COMPATIBLE/LOW CURRENT
REQUIREMENTS

• RELIABLE AND RUGGED
• CHOICE OF 4 BRIGHT COLORS

Red High Efficiency Red
Yellow Green

Description
The 5082-4790/4791 are Gallium Arsenide Phosphide Red
Light Emitting Diodes packaged in a Low Profile T-1%

outline with a red diffused lens.

The 5082-4690 Series are Gallium Arsenide Phosphide on
Gallium Phosphide High Efficiency Red Light Emitting

Diodes packaged in a Low Profile T-1% outline.

The 5082-4590 Series are Gallium Arsenide Phosphide on
Gallium Phosphide Yellow Light Emitting Diodes pack-

aged in a Low Profile T-1% outline.

Package Dimensions

The 5082-4990 Series are Gallium Phosphide Green Light

Emitting Diodes packaged in a Low Profile T-1% outline.

The Low Profile T-1 % package provides space savings and

Is excellent for backlighting applications.

(.»JOJ

ALL DIMENSIONS ARE
IN MILLIMETRES !INCH£SI
LAMP LEADS ARE PLATED
SILVER ISEE AP NOT£ 3l

AN EPOXY MENISCUS MAY
EXTENO ABOUT 1mm (.040"I

DOWN THE LEADS.

1—4-ff,**-

Part

Number
5082- Application Lent Color

4690

4693

4694

469S

4590

4592

4595

4597

4990

4992

4995

4997

4790

4791

Indicator —
General Purpose Diffused

Wide Angle
High
Efficiency

Red

Indicator —
High Brightness

General Purpose
Pom! Source Non-dltfused

Narrow AngleHigh Brightness

Annunciator

Indicator —
General Purpose Diffused

Wide Angle

Yellow

Indicator —
High Brightness

General Purpose

Point Source Non-diffused

Narrow AngleHigh Brightness

Annunciator

Indicator —
General Purpose Diffused

Wide Angle

Green

Indicator —
High Brightness

General Purpose

Point Source Non-diffused

Narrow AngleHigh Brightness

Annunicator

Indicator —
General Purpose Diffused

Wide Angle
Red

Indicator —
High Brightness
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Absolute Maximum Ratings at TA=25°C

Parameter

Red

4790 Series

Hi-Eff. Red

4690 Series

Yellow

4590 Series

Green

4990 Series Units

Power Dissipation 100 120 120 120 mW

DC Forward Current 50'" 20
1" 20'" 30

l2 ' mA

Peak Forward Current 1000

See Fig. 5

60

See Fig. 10

60

See Fig. 15

60

See Fig. 20

mA

Operating and Storage

Temperature Range
-55°Cto + 100°C

Lead Solder Temperature

(1.6mm [0.63 inch]

from body)
260°C For 5 Seconds

1. Derate from 50° C at 0.2mA/°C

2. Derate from 50°C at 0.4mA/°C

T» - 25C

500 600 650 700

WAVELENGTH - nm

Figure 1. Relative Intensity versus Wavelength.
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RED 5082-4790 SERIES

Electrical Specifications at TA=25°C

Symbol Description
Device

5082-
Min. Typ. Max. Units Test Conditions

lv Axial Luminous Intensity
4790 0.8 1.2

mcd lF = 20mA (Fig. 3)
4791 1.6 2.5

29 H

Included Angle Between

Half Luminous Intensity

Points

60 deg. Note 1 (Fig. 6)

*PEAK Peak Wavelength 655 nm Measurement @ Peak (Fig. 1)

*d Dominant Wavelength 648 nm Note 2

^s Speed of Response 15 ns

c Capacitance 100 pF VF = 0; f = 1 MHz

fljc Thermal Resistance 125 °C/W Junction to Cathode Lead 1.6 mm
(0.063 in.) from Body

Vf Forward Voltage 1.6 2.0 V l F 20mA (Fig. 2)

BVr Reverse Breakdown Voltage 3 10 V Ir - 100M
Vv Luminous Efficacy 55 Im/W Note 3

NotBi: l.ffjj is the off-axis angle at which the luminous Intensity « half theaxiol luminous intensity. 2. Oomlnani wavelength, Xh, is derived from the CIE
chfomaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity le , in watti/steradien may be found
from the equation le - l v/iy. where l v is the luminous intensity in candebs and nv is the luminous efficacy in lumens/wait.

1-40 1.50 1.60 i;

V, - FORWARD VOLTAGE - V

Figure 2. Forward Current versus

Forward Voltage.

lEdlSEeS

Ms

SS

S3

n

'.

-

J6-C

/

\

f
- FORWARD CURRENT - mA

Figure 3. Relative Luminous Intensity

versus Forward Current.

10 100 1,000

V - PULSE OURATtON - JBj

1 30

1J /
*

- Q
/

'

?< /
St

.'
> '

\

Ip^K - PEAK CURRENT - mA

Figure 4. Relative Efficiency

(Luminous Intensity

per Unit Current)

versus Peek Current,

1
Figure 5. Maximum Tolerable Peak Current versus Pulse

Duration. {Iqc MAX as per MAX Ratings}

Figure 6. Relative Luminous Intensity versus

Angular Displecement,
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HIGH EFFICIENCY RED 5082-4690 SERIES

Electrical Specifications at TA=25°C

Symbol Description
Device

5082-
Mbi. Typ. Max. Units Test Conditions

lv Axial Luminous Intensity

4690

4693

4694

4695

1.5

5.0

4.0

8.0

3.5

7.0

8.0

11.0

mcd l F = 10mA (Fig.8)

20J4

Included Angle Between

Half Luminous Intensity

Points

4690

4693

4694

4695

50

50

45

45

deg. Note 1 (Fig. 11)

*PEAK Peak Wavelength 635 nm Measurement @ Peak (Fig. 1)

Xd Dominant Wavelength 626 nm Note 2

r
s

Speed of Response 90 ns

C Capacitance 16 PF VF =0;f = 1 MHz

fljc Thermal Resistance 130 °C/W Junction to Cathode Lead 1 .6mm

(0.063 in.) from Body

VF Forward Voltage 2.2 3.0 V l F:= 10mA (Fig. 7)

BVr Reverse Breakdown Voltage 5.0 V lR = 100/jA

lv Luminous Efficacy 147 Im/W Note 3

Notes: l.ffjj it the off-axis angle al which the luminous intensity is half the axial luminous intensity. 2. Dominant wavelength, \fj,
is derived from the ClE

chromaticity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity l,,. In W8tts/cteradian may bo found
from the equation l e

=
l v/rjv . where l v is the luminous intensity in cande'asond r/v is the luminous efficacy in lumens/watt.

20

TA 25" C

J

l<

-T.-B

^s'

1.0

^^'

,-*
^.^

r

/

/
//

.5 10 1.5 2.0 2.5

V
F

- FORWARD VOLTAGE - V

Figure 7. Forward Currant versus

Forward Voltage.

a s

V K O ^DEC I- 5

li

16 20

l, - FORWARD CURRENT - mA

Figure 8. Relative Luminous Intensity

versus Forward Current.

10 20 30 40 50

"MAX " PEAK CURRE*T - "A

Figure 9. Relative Efficiency

(Luminous Intensity

per Unit Current)

versus Peak Current.

10 100 1000 10,000

t. -PULSE DURATION-,*

Figure 10. Maximum Tolerable Peak Current versus Pulse

Duration. (Iqc MA* as per MAX Ratings)

Figure 11. Relative Luminous Intensity versus

Angular Displacement.
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YELLOW 5082-4590 SERIES

Electrical Specifications at TA=25°C

Symbol Description
Device

5082-
Min. Typ. Max. Units Test Conditions

lv Axial Luminous Intensity

4590

4592

4595

4597

1.5

4.5

4.0

8.0

3.5

6.0

6.5

11.0

mcd lF = 10mA (Fig. 131

m
Included Angle Between

Half Luminous Intensity

Points

4590

4592

4595

4597

50

50

45

45

deg. Note 1 (Fig. 16)

*PEAK Peak Wavelength 583 nm Measurement @> Peak (Fig. 1)

.'*d Dominant Wavelength 585 nm Note 2

>"s
Speed of Response 90 ns

C Capacitance 18 pF VF = 0; f = 1 MHz

8JC Thermal Resistance 100 °G/W Junction to Cathode Lead 1 .6mm
(0.063 in.) from Body

vF Forward Voltage 2.2 3.0 V lF = 10mA (Fig. 12)

BVr Reverse Breakdown Voltage 5.0 V lR = 100mA

^v Luminous Efficacy 570 Im/W Note 3

Notes: 1. By, is the off -ax is angle at which the luminous intensity is hall the axial luminous intensity. 2. Dominant wavelength. Ad . is derived from the CI E
chromaiicity diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity l

fl
, in wotts/iteradian may he found

from the equation l e - lv/n.v .
where lv is the luminous intensity in candelas and rjv is the luminous efficacy in lumens/watt.

....

26-C

/

ll l

, J
9 1 1 S 2 2 5 3.0

u
is
IS

!

'a
"***

P" i

/

'
9 - I

> Q

£ <

>N

II

V
F
- FORWAflD VOLTAGE - V

gure 12. Forward Current versus

Forward Voltage.

tF
- FORWARD CURRENT - mA

Figure 13. Relative Luminous Intensity

versus Forward Current.

, J^. _
•

/
... ,

7

10.000

ip- PULSE DURATION -*

Figure 15. Maximum Tolerable Peak Curront versus Pulse

Duration. (Iqq MAX as per MAX Ratings).

40 SO 60

'ptAK
- PEAK CURRENT - mA

Figure 14. Relative Efficiency

(Luminous Intensity

per Unit Current)

versus Peak Current.

. jo: <

n i

. MawmO^Jx
~\\

75
\l

I

\
v^flrr

26

\V —;4BB0rtW2-,

^V
^^^»r

ao' «r ioo'

Figure 16. Relative Luminous Intensity versus

Angular Displacement
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GREEN 5082-4990 SERIES

Electrical specifications at TA=25°C

Symbol Description
Device

5082-
Min. Typ. Max. Units Test Conditions

Axial Luminous Intensity

4990

4992

4995

4997

2.0

6.0

3.5

8.0

4.5

7.5

6.5

11.0

mod l F =20mA(Fig.18)

»14

Included Angle Between

Half Luminous Intensity

Points

4990

4992

4995

4997

^PEAK Peak Wavelength

50

50

40

40

deg. Note 1 (Fig.21)

565 Measurement @ Peak (Fig. 1)

Xd Dominant Wavelength 570 Note 2

Speed of Response 200

Capacitance 12 pF VF = 0; f = 1 MHz

fJC Thermal Resistance 90 "C/W Junction to Cathode Lead 1 .6mm

(0.063 in.) from Body

VF Forward Voltage 2.4 3.0 l F = 20mA (Fig. 17)

BVR Reverse Breakdown Voltage 5.0 lR = 100/jA

l?v Luminous Efficacy 665 ImAV Note 3

Notes: t.tfu ii ihe off-axis angle at which the luminous intensity is half the axial luminous Intensity. 2. Dominant wavelength. Arj. is derived from the CI

chromaticlty diagram and represents the single wavelength which defines the color of the device. 3. Radiant Intensity le .
In watts/steradlan may be found

from the equation l e
=

l v/nv , where l v is the luminous intensity in candelas and nv 's the luminous efficacy In lumens/watt.
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/

1

I I \A I

%
Z :
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3 zj

>s
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"t

Figure

T«- 25 C

/
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>X 13
S?

y 1-2

- <
* 1.1

s«l

If
1.0
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"^

*
s

'

/
s

/
/

/
J

FORWARD VOLTAGE - V

17. Forward Current versus

Forward Voltage.

\
f
- fORVVARO CURRENT - mA

Figure 18. Relative Luminous Intensity

versus Forward Current.

IspS3 k I* 9

is

IP(AK - PEAK CURRENT - mA

Figure 19. Relative Efficiency

(Luminous Intensity

per Unit Current)

versus Peak Current.

iff q;

10.000

(,, - PULSE OURATION - -%

Figure 20. Maximum Tolerable Peak Current versus Pulse

Duration, OqC max a* P*1" MAX ratings).

20* «o* 60* to* 100*

Figure 21. Relative Luminous Intensity versus

Angular Displacement.
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ra HEWLETT
PACKARD

SOLID STATE LAMPS
HIGH EFFICIENCY RED

YELLOW
GREEN

Features

• HIGH INTENSITY

• WIDE VIEWING ANGLE
• SMALL SIZE T-1 DIAMETER
3.18mm (0.125 Inch)

• IC COMPATIBLE

• RELIABLE AND RUGGED
• CHOICE OF 3 BRIGHT COLORS

HIGH EFFICIENCY RED
YELLOW
GREEN

Package Dimensions

NOTES;
1. ALL DIMENSIONS ARE IN MILLIMETRES IINCHES)
2. SILVER PLATED LEADS. SEE APPLICATIONS

BULLETINS.

3. AN EPOXV MENISCUS MAY EXTEND ABOUT 1mm
(,040"l DOWN THE LEADS.

HLMP-1300.-1301.-1302

HLMP-1400,-1401,-1402

HLMP-1500,-1501,-1502

TECHNICAL DATA MARCH 1980

Description
The HLMP-1300, -1301, and -1302 have a Gallium

Arsenide Phosphide on Gallium Phosphide High Effi-

ciency Red Light Emitting Diode packaged in a T-1 outline

with a red diffused lens, which provides excellent on-off

contrast ratio, high axial luminous intensity and a wide
viewing angle.

The HLMP-1400, -1401, and -1402 have a Gallium
Arsenide Phosphide on Gallium Phosphide Yellow Light

Emitting Diode packaged in a T-1 outline with a yellow
diffused lens, which provides good on-off contrast ratio,

high axial luminous intensity and a wide viewing angle.

The HLMP-1500, -1501, and -1502 have a Gallium
Phosphide Green Light Emitting Diode packaged in a T-1
outline with a green diffused lens, which provides good
on-off contrast ratio, high axial luminous intensity, and a

wide viewing angle.

ly — Axial Luminous Intensity at 25° C
(Figures 3,8,15)

ly (mcd)

i

Mln.
i
Typ.

|
Test Conditions

High Efficiency Red

HLMP-1300
HLMP-1301 (-4684)

HLMP-1302

0.5

1.0

2.0

1.5

2.0

2.5

If=10 mA

Yellow

HLMP-1400
HLMP-1401 1-4584)

HLMP-1402

0.5

1.0

2.5

1.5

2.5

4.0

lF=10 mA

Green

HLMP-1500
HLMP-1501 (-4984)

HLMP-1502

0,5

0.8

2.0

1.2

2.0

3.0

If=20 mA
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Absolute Maximum Ratings at TA=25°C

Parameter
High Efficiency Red
HLMP-1300,1301,1302

Yellow

HLMP-1400,1401,1402
Green

HLMP-1500,1501,1502 Units

Power Dissipation 120 120 120 mW
DC Forward Current 20"1 20111 30I21 mA
Peak Forward Current 60

See Figure 5

60

See Figure 10

60

See Figure 15

mA

Operating and Storage

Temperature Range -55°C to 100"

C

Lead Soldering Temperature
[1.6mm (0.063 In.l from Body] 230°C for 7 Seconds

1. Derate from 50° C at 0.2mA/°C

2 Derate (rom 50° C at 0.4mA/°C

Electrical /Optical Characteristics at TA=25°C

Symbol Description

HLMP-1300, -1301,

-1302

HLMP-1400,-1401,
-1402

HLMP-1500,-1501,
-1502

Units Test ConditionsMln. Typ. Max. Mln. Typ. Max. Mln. Typ. Max.

2e,/2 Included Angle

Between Half

Luminous Intensity

Points

70 60 60 Deg. Note 1 'Figs. 6,

11. 161

Apeak Peak Wavelength 635 583 .565 nm Measurement

at Peak

Ad Dominant
Wavelength 628 585 572 nm Note.2

rs Speed of Response SO 90 200 ns

C Capacitance 20 15 8 pF Vf=0; 1=1 MHz

0JC Thermal Resistance 95 95 95 °C/W Junction to

Cathode Lead

at 0.79mm
10.031 in.l

From Body

vF Forward Voltage 2.2 3.0 2.2 3.0

at

2.4

F = 20

3.0

mA
V lp=10mA

(Figs. 2,7,12)

BVr Reverse Breakdown
Voltage 5.0 5.0 5.0 V Ir=100/iA-

^v Luminous Efficacy 147 570 665 1m/W Note 3

1. t* 1/2 is the o(f-axis angle at which the luminous Intensity Is hall the axial luminous intensity.

2. The dominant wavelength, \c, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the

color of the device.

3. Radiant intensity, le , in watts/sieradian, may be found from the equation l e=lv/t)v . where lv is the luminous intensity in candelas and tj
v

is the luminous efficacy in lumens/watt.

Tft -25<C

550 600 660

WAVELENGTH -nm

Ftgurt 1. Ralifive Intensity vs. Wavelength.
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High Efficiency Red HLMP-1300 -1301,-1302
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V, - 'ORWARO VOLTAGE - V

Figure 2. Forward Current vs.

Forward Voltags.

10 100 1.000 10,000

tr - PULSE DURATION ---»

Figure 5. Maximum Tolerable Peak Cur-

rent vs. Puis* Duration. (Ipc^X
as per MAX Ratings).
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Figure 3. Relative Luminous Intensity

vs. Forward Current.
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O 10 » X *0 SO ftO

WtA« -'£*« CURRENT -tr*

Figure 4. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.

10" 20" 30' Vf 60- 60* 70" BO" 90" 100"

F.jure 6. Relative Luminous Intensity vs. Angular Displacement.

YellOW HLMP-1400,-1401,-1402

-JS'e

J
5 1.0 15 70 IS

v, - fOftAARD VOLTAGE - V

Figure 7. Forward Current vs.

Forward Voltage.

100 1000 10 000

i
- PULSE DURATION at

Figure 10. Maximum Tolerable Peak Current

vs. Pulse Duration. Uqq max
as per MAX Ratings.)
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Figure 8. Relative Luminous Intensity

vs. Forward Current.
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Figure 9. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.
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Figure 11. Relative Luminous Intensity vs. Angular Displacement.
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Green HLMP-1500,-1501,-1502

V *C
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1 5 30 IS 30

V, - POMMHO VOL'401 - V

Figure 12. Forward Currant vs.

Forward Voltaga.

lies

if*

Figure 15. Maximum Tolerable Peak Current

vs. Pulsa Duration. (Iqq MAX
as per MAX Ratings.)
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gure 13. Relative Luminous Intensity

vs. Forward Current,
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Figure 14, Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.
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Figure 16. Relative Luminious Intensity vs. Angular Displacement.
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m HEWLETT
PACKARD

RECTANGULAR SOLID STATE LAMPS

HIGH EFFICIENCY RED
YELLOW
GREEN

HLMP-0300/0301

HLMP-0400/0401

HLMP-0500/0501

TECHNICAL DATA MARCH 1980

Features

RECTANGULAR LIGHT EMITTING SURFACE
FLAT HIGH STERANCE EMITTING SURFACE

STACKABLE ON 2.54 MM (0.100 INCH)
CENTERS

IDEAL AS FLUSH MOUNTED PANEL
INDICATORS

IDEAL FOR BACKLIGHTING LEGENDS
LONG LIFE: SOLID STATE RELIABILITY

CHOICE OF 3 BRIGHT COLORS
HIGH EFFICIENCY RED
YELLOW
GREEN

IC COMPATIBLE/LOW CURRENT
REQUIREMENTS

Description
The HLMP-03XX, -04XX, -05XX are solid state lamps encapsulated in an axial lead rectangular epoxy package. They utilize

a tinted, diffused epoxy to provide high on-off contrast and a flat high intensity emitting surface. Borderless package
design allows creation of uninterrupted light emitting areas.

The HLMP-0300 and -0301 have a high-efficiency red GaAsP on GaP LED chip in a light red epoxy package. This lamp's
efficiency is comparable to that of the Gap red, but extends to higher current levels.

The HLMP-0400 and -0401 provide a yellow GaAsP on GaP LED chip in a yellow epoxy package.

The HLMP-0500 and -0501 provide a green GaP LED chip in a green epoxy package.

Package Dimensions

?5~
|
rooj

! a '

D90I 7.37 (.290!
i

-26.67 11.05) MIN.-

7.49 1.295)

6.99 (.2761

LIGHT EMITTING SURFACE

TOP VIEW

PLASTIC

«XIAL LUMINOUS INTENSITY

CATH0OE

— 26.40 11.001 MIN.-

SIDE VIEW

MIN. IYP TEST CONDITIONS

H^MPOSX Jt tOma ip = 25mA

H MP-0331 1,5

,8

?b,-cd

•

Q n cd

lp - 25mA

lt -15mA

HLW-OMO 1.0 1.2 mtd | r
- 25mA

MLUP-0401 2.0 2$mcd

1.0 I.Smce

lF -26mA

lF - 15mA

HLWP05QO 1.0 1.2 fKd 1F -25mA

MLMMJ501 1.5

1,0

2.6 ncd

' .5 it\cd

lB = 2SmA

le - 20mA

NOTES:
1. ALL DIMENSIONSARE IN

MILLIMETRES (INCHES).

2. SILVER-PLATED LEADS.
SEE APPLICATION
BULLETIN 3.

3. AN EPOXY MENISCUS MAY EXTEND
ABOUT 1mm 1.040") DOWN THE
LEADS.

64
I
0Z0I

.30 1.014)

NOTE. Ljm^oui -ca"C5. Lv .«> \?m l*ffib«m. m»y M found f'om ihi wjualion

Iv.atwi K' 'l* Juitvnoui,ni»nUiY*imiillcwJiJt

264 1.100) NOMINAL

S3 :017)
" 33 1.013)

BOTTOM VIEW
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Absolute Maximum Ratings at TA=25°C

Parameter
High-Efficiency Red
HLMP-0300/0301

Yellow
HLMP-0400/0401

Green
HLMP-0500/0501

Units

Power Dissipation 120 120 120 mW

DC Forward Current som 30'" 30 f" mA

Peak Forward Current
60

See Figure 5

60
See Figure 10

60
See Figure 15

mA

Operating and Storage
Temperature Range

-55" C to 100°C

Lead Soldering Temperature
[1.6mm (0.063 in.) from body]

260°C for 5 seconds

1. Derate from 50° Cat 0.4mA/°C.

Electrical /Optical Characteristics at TA=25°C

Symbol Description
HLMP-0300/0301 HLMP-0400/0401 HLMP-0500/0501

Units Test Conditions
Mln. Typ. Max. Mln. Typ. Max. Mln. Typ. Max.

28, : Included Angle
Between Half

Luminous Intensity

Points, Both Axes

100 100 100 deg. Note 1. Figures

6,11.16

^PEAK Peak Wavelength 635 583 565 nm Measurement at

Peak

Ad Dominant Wavelength 626 585 571 nm Note 2

TS Speed of Response 90 90 200 ns

C Capacitance 17 17 17 PF Vi=0; f=1 MHz

eJC Thermal Resistance 130 130 130 °C/W Junction to Cathode
Lead at 1 .6 mm
(0.063 in.) from
Body

v,. Forward Voltage 2.5 3.0 2.5 3.0 2.5 3.0 V l F= 25mA
Figures 2,7,12

BVR Reverse Breakdown
Voltage

5.0 5.0 5.0 V Ir = 100^A

>fc>
Luminous Efficacy 147 570 665 Im/W Note 3

NOTES:
1. 8|/j Is the off-axis angle at which the luminous intensity is half the axial luminous Intensity.

The dominant wavelength. A,,, is derived from the CIE chromaticity diagram and represents the single wavelength which defines the
2. color of the device.

3. Radiant intensity, U. in watts/steradian. may be found from the equation l,=lv/ijv. where lv is the luminous intensity in candelas and
tjv Is the luminous efficacy in lumens/watt.

*
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\ hiqhefficieivcy
V / RED
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Figure 1. Relative Intensity vs. Wavelength.
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YELLOW HLMP- 0400/0401
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HEWLETT
PACKARD

SUBMINIATURE SOLID STATE LAMPS
RED • 5082-4100/4101

HIGH EFFICIENCY RED • 5082-4160

YELLOW • 5082-4150

GREEN • 5082-4190

TECHNICAL DATA MARCH 1980

Features
• SUBMINIATURE PACKAGE STYLE
• END STACKABLE ON 2.21mm

(0.087 in. ) CENTERS
• LOW PACKAGE PROFILE

• RADIAL LEADS

• WIDE VIEWING ANGLE
• LONG LIFE — SOLID STATE
RELIABILITY

• CHOICE OF 4 BRIGHT COLORS
Red
High Efficiency Red
Yellow

Green

Description
The 5082-4100/4101, 4150, 4160 and 4190 are solid state lamps encapsulated in a radial lead subminiature package of
molded epoxy. They utilize a tinted, diffused lens providing high on-off contrast and wide-angle viewing.

The -4100/4101 utilizes a GaAsP LED chip in a deep red molded package.

The -4160 has a high-efficiency red GaAsP on GaP LED chip in a light red molded package. This lamp's efficiency is

comparable to that of the GaP red but does not saturate at low current levels.

The -4150 provides a yellow GaAsP on GaP LED chip in a yellow molded package.

The -4190 provides a green GaP LED chip in a green molded package.

Tape-and-reel mounting is available on request.

Package Dimensions

» .M 1.037)

_| V £921.115)^"^ MSI

TOP VIEW

NOTES:
1. ALL DIMENSIONS ARE IN MILLIMETRES IINCME8I.
2 SILVER-PLAT ED LEADS. SEE APPLICATION BULLETIN 3
1 USER MAYBEND LEADS AS SHOWN.

, UUflZZI J

END VIEW

SIDE VIEW
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Absolute Maximum Ratings at TA=25°C

Parameter
Red

4100/4101
High Eff. Red

4160

Yellow

4150

Green
4190

Units

Power Dissipation 100 120 120 120 mW
DC Forward Current SOW 20i' 1 20 Ml 30l2 l mA

Peak Forward Current
1000

See Fig. 5
60

See Fig. 10

60
See Fig. 15

60
See Fig. 20

mA

Operating and Storage
Temperature Range

-55°C to 100°C

Lead Soldering Temperature
[1.6mm (0.063 in.) from body]

245° C for 3 seconds

1. Derate from 50° C at 0.2mA/°C

2. Derate from 50°C at 0.4mA/°C

Electrical /Optical Characteristics at TA=25°C

Symbol Description
5082-4100/4101 5082-4160 5082-4150 5082-4190

Units Test Conditions :

Mln. Typ. Max. Mln. Typ. Max. Mln. Typ. Max. Mln.
]
Typ. Max.

lv Axial Luminous
Intensity

- .'0.5 .7/1.0 1.0 3.0 1.0 2.0 0.8

A
1.5

If =• 20mA
mcd

l K=10mA,
Figs. 3,8,13,18

2e1/2 Included Angle
Between Half

Luminous Intensity

Points

45 80 90 70 oeg. Note 1 Figures

6. 11. t6, 21

Apeak Peak Wavelength 655 635 583 565 nm Measurement
at Peak

*4 Dominant Wavelength 640 628 585 572 nm Note 2

's Speed of Response 15 90 90 200 ns

C Capacitance 100 11 15 13 PF V,=0; ("1 MHz

6k. Thermal Resistance 125 120 100 100 °c/w Junction to

Cathode Lead at

0.79mm (.031 in)

from Body

Vf Forward Voltage 1.6 2.0 2.2 3.0 22 3.0

A

2.4

If = 21

3.0

3mA

V 1,^10mA,
Figures 2. 7.

12.17

BVr Reverse Breakdown
Voltage

3.0 10 5.0 5.0 5.0 V Ir » 100|jA

?v Luminous Efficacy 55 147 570 665 im/w Note3

NOTES
1. 0,: is the off-axis angle at which the luminous Intensity is half the axial luminous intensity.

2. The dominant wavelength. Ki. is derived from the CIE chromaticity diagram and represents the single wavelength w.iich defines the color of the device.

3. Radiant intensity, U. in watts/steradian, may be found from the equation i..°*I ( /t?.. where lv is the luminous intensity in candelas and i> Is the luminous
efficacy In lumens/watt

WAVELENGTH -nm

Figure 1. Relative Intensity vs. Wavelength.
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Red 5082-4100/4101
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Figure 6. Relative Luminous Intensity vs. Angular Displacement.
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Yellow 5082-4150
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Figure 16. Relative Luminous Intensity vs. AngularDlsplacement.
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m HEWLETT
PACKARD

9 mm(0.35 INCH) AND 19mm (0.75 INCH)

LIGHT BAR MODULES
HIGH EFFICIENCY RED HLMP-2300 SERIES

YELLOW HLMP-2400 SERIES

GREEN HLMP-2500 SERIES

TECHNICAL DATA MARCH 1980

Features

• LARGE, BRIGHT, UNIFORM LIGHT
EMITTING SURFACE
Typical Luminous Stearance 260 cd/m 2 at

100mA Peak, 20mA Average

Approximately Lambertian Radiation Pattern

• SUITABLE FOR MULTIPLEX OPERATION
LED's in Either Parallel, Series or Parallel/

Series Connection

• CHOICE OF THREE COLORS
High Efficiency Red
Yellow

Green

• CATEGORIZED FOR LIGHT OUTPUT
Use of Like Chip Categories Yields a

Uniform Display

• EASILY MOUNTED ON P.C. BOARDS
OR SOCKETS
Single In-Line Package, Leads on Industry

Standard 2.54mm (0.1 in.) Centers

I.C. Compatible
Mechanically Rugged

• X-YSTACKABLE

• FLUSH MOUNTABLE

• EASY ALIGNMENT

• EXCELLENT ON-OFF CONTRAST

,

-; ''• :'.

Applications

• ILLUMINATED LEGENDS

• INDICATORS

• BAR GRAPHS

• LIGHTED SWITCHES

Description
The HLMP-2300/-2400/-2500 series light bar modules are 9mm (.35 inch) and 19mm (.75 inch) rectangular light sources

designed for a variety ot applications where a large, bright source ot light is required. The -2300 and -2400 series devices utilize

LED chips which are made from GaAsP on a transparent GaP substrate. The-2500 series devices utilize chips made from GaP
on a transparent GaP substrate.

Devices
Part No.
HLMP- Color Size of Emitting Area

Package
Drawing

2300
High Efficiency Red

8.89mm x 3.81mm (.350 in. x .150 in.) A

2350 19.05mm x 3.81mm (.750 in. x .150 in.) B

2400
Yellow

8.89mm x 3.81mm (.350 in. x .150 in.) A

2450 19,05mm x 3.81 mm (.750 in. x .150 in.) B

2500
Green

8.89mm x 3.81mm (.350 in. x .150 in.) A

2550 19.05mm x 3.81mm (.750 in. x .150 in.) B
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Absolute Maximum Ratings

Average Power Dissipation Per LED Chip (Ta=50°C) 90mW
Operating Temperature Range -40°C to +85°C
Storage Temperature Range -40°C to +85°C
Peak Forward Current Per LED Chip (Ta= 50°C)12 -3' 120mA

(Maximum Pulse Width = 1.25ms)

DC Forward Current Per LED Chip (Ta= 50°C)M ' 30mA
Reverse Voltage Per LED Chip 6.0V

Lead Soldering Temperature [1.6mm (1/16 inch) below

seating plane] 260°C for 3 Seconds

NOTES: 1. Derate maximum DC
current above Ta= 50=C
at 0.51 m/V°C per LED
chip, see Figure 2.

2. See Figure 1 to establish

pulsed operating

conditions.

3. For operation above
Ta=50°C, see the al-

lowed deratings tor

higher temperatures
shown in Figure 2.

For a Detailed Explanation on the Use ol Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.

Package Dimensions

rt».050
.,

I0.JWI *]

il

I
"

. 12 3 4 8 8 7 8 '. 9R<
4.953
(0.1961

MAX

CATHODE END END VIEW A. B

DATE
CODE--

LUMINOUS
INTENSITY
CATEGORY

TOPB

20KO— WJ00)—
MAX

HLMPXXXX'
V XYV Z

254TYP_
{O.lOOt

3-610
(0.150)

PART
NUMBER

0.508

(COM,

SIDE B

internal Circuit Diagram

r l0.3»)^

(0,196)

MAX

DATE
CODE

"X

TOP A

10.180

-I0.4O0I-
MAX

HLMP-XXXX
XVV Z-~~"

5080
flUOOT

ESI TYP_
,0 100:

3.010
(0.160)

.

PAHT
t NUMBER

LUMINOUS
-INTENSITY
CATEGORY

SIDE A

€::

FUNCTION

PIN
A

-23007-2400
-2500

B
-2350/-2450

-2550

1 Cathode — a Cathode— a

2 Anode — a Anode — a

3 Cathode— b Cathode — b

4 Anode — b Anode — b

5 Cathode— c

6 Anode — c

7 Cathode— d

8 Anode— d

NOTES: 1. Dimensions in millimetres and (inches).

2. Tolerances ±.26 mm unless otherwise Indicated.
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Electrical/optical Characteristics at TA=25°c

HIGH EFFICIENCY RED HLMP-2300/-2350

Parameter Symbol Test Conditions Min. Typ. Max. Units

1 Luminous Intensity*41

with All LED's

Illuminated

-2300 lv

100mA Pk: 1 of 5

Duty Factor
10 mod

20mA DC 3 7
''

:" mod

-2350 K.

100mAPk:1of5
Duty Factor

21 mcd

20mA DC 7 15 mcd

Peak Wavelength Apeak 635 nm

Dominant Wavelength15' M 626 nm

Forward Voltage Per LED vf
lF= 100mA 2.5 3.5 V
IF= 20mA 1.9 2.6

Reverse Current Per LED ir VR=6V 10 MA
Temperature Coelticient of Vf Per LED avf/=c lF=100mA -1.1 mvrc

Thermal Resistance LED Junction-to-Pin R0J-PIN 150 °c/w/
LED

YELLOW HLMP-2400/-2450

Parameter Symbol Test Conditions Mln. Typ. Max. UnltB

Luminous Intensity14 '

with All LED"s

Illuminated

-2400 lv

100mA Pk: 1 of 5

Duty Factor
8 mcd

20mA DC 2 5 mcd

-2450 lv

100mA Pk: 1 of 5

Duty Factor
18 mcd

20mA DC 5 11 mcd

Peak Wavelength "peak 583 nm

Dominant Wavelength151

«d 585 nm

Forward Voltage Per LED vf
lF=100mA 2.6 3.5 VlF= 20mA 2.0 2.6

Reverse Current Per LED IR VR=6V 10 pA
Temperature Coefficient of Vf Per LED AVf/°C F=100mA -1.1 mV/=C

>

Thermal Resistance LED Junction-to-Pin R0J-PIN 150 °c/w/
LED

SREEN HLMP-2500/-2550

Parameter Symbol Test Conditions Min. Typ. Max. Units

Luminous Intensity 4 '

with All LED's

Illuminated

-2500 V
100mA Pk: 1 of 5

Duty Factor
6 mcd

20mA DC 1.5 3.5 mcd

-2550 lv

100mA Pk: 1 of 5

Duty Factor
13 mcd

20mA DC 3.5 7.5 mcd

Peak Wavelength *peak 565 nm
Dominant Wavelength15 '

*d 572 nm

Forward Voltage Per LED VF
lF=100mA

2.7 3.6 V
lF= 20mA 2.1 2.6

Reverse Current Per LED IR VR=6V 10 U.A

Temperature Coefficient of Vf Per LED AVf/°C lF=100mA -1.1 mvrc

Thermal Resistance LED Junction-to-Pin R0J-PIN 150

LED
NOTES: 4. Each device >s categorized (or luminous intensity with the intensity category designated by a letter located on the right hand side of the package.

5 The dominant wavelength. \a. is derived trom theCIEchromaticity diagram and is that single wavelength which defines the color of the device
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Electrical

The HLMP-2300/-2400/-2500 series of light bar devices are

composed of two or four light emitting diodes, with the light

from each LED optically scattered to form an evenly illumi-

nated light emitting surface. The LED's have a large area P-N

junction diffused into the epitaxial layer on a GaP transparent

substrate.

The anode and cathode of each LED is brought out by sepa-

rate pins. This universal pinout arrangement allows for the

wiring of the LED's within a device in any of three possible

configurations: parallel, series, or series/parallel.

These light bar devices are designed for strobed operation at

high peak currents. The typical forward voltage values,

scaled from Figure 4, should be used for calculating the cur-

rent limiting resistor values and typical power dissipation. Ex-

pected maximum Vf values for the purpose of driver circuit

design and maximum power dissipation may be calculated

using the following Vf models:

Optical

The radiation pattern for these light bar devices is approx-

imately Lambertian. The luminous sterance may be calculated

using one of the two following formulas:

Lv(cd/m*) = Ivcdi

A(m2
)

Lv(footlamberts)
Tly.cd-

A(ft*)

SIZE OF
EMITTING SURFACE

AREA
SO. METRES SQ. FEET

8.89mm x 3.81mm

19.05mm x 3.81mm

33.87 x 10" •

72.58x10"'

364.58x10"
781.25 x 10 •

Vf =2.2V*Ipeak (130)

For Ipeak 2 30mA

Vf = 1.9V + loc (23.3X1)

For 10mA < loc < 30mA

OPfRATION IN THIS
neaiON requires
TEMPERATURE DERATING
OP loc VAX

DC OPEHATIQN

^ - PULSE 0URATION - ,-S

Figure 1. Maximum Allowed Peak Current vs. Pulse Duration
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ra HEWLETT
PACKARD

LED LIGHT BAR MODULES
SINGLE, TWIN, & QUAD ARRANGEMENTS

HIGH EFFICIENCY RED -HLMP-2600 SERIES

YELLOW -HLMP -2700 SERIES

GREEN -HLMP-2800 SERIES

TECHNICAL DATA MARCH 1980

Features
• LARGE, BRIGHT, UNIFORM LIGHT EMITTING
SURFACE

Typical Luminous Sterance 160 cd/m 2 at

60 mA Peak, 20 mA Average
Approximately Lambertlan Radiation Pattern

• SUITABLE FOR MULTIPLEX OPERATION
LEO's in Either Parallel, Series or Parallel/

Series Connection

• CHOICE OF THREE COLORS
High Efficiency Red
Yellow

Green

• CATEGORIZED FOR LIGHT OUTPUT
Use of Like Chip Categories Yields a

Uniform Display

• EASILY MOUNTED ON P.C. BOARDS OR
SOCKETS

Industry Standard 7.62 mm (0.3 in.) DIP
Leads on 2.54 mm (0.100 In.) Centers
I.C. Compatible
Mechanically Rugged

• X — Y Stackable

• FLUSH MOUNTABLE
• EASY ALIGNMENT
• EXCELLENT ON-OFF CONTRAST

Applications
• ANNUNCIATORS WITH ILLUMINATED
LEGENDS

• BACKLIGHTED FRONT PANELS
• FRONT PANEL INDICATORS

• BAR GRAPHS
• LIGHTED SWITCHES
• EDGE LIGHT PANELS

Description
The HLMP-26OO/-2700/-280O series light bar modules are rectangular light sources designed for a variety of applications where
a large, bright source of light is required. These modules are configured in packages that contain either a single, twin or quad
light emitting surface arrangement. The -2600 and -2700 series devices utilize LED chips which are made from GaAsP on a
transparent GaP substrate. The -2800 series devices utilize chips made from GaP on a transparent GaP substrate.

Devices

Part Number HLMP-

Size of Light Emitting Areas

Number
of

Light

Emitting

Areas

Hlgh
Efficiency

Red Yellow Green

Package Outline

2655 2755,.! 5 2855 8.89 mm x 8.89 mm >.350 in. x 350 in.. 1 A

2600 2700 \-\ J 2800 8.89 mm x 3.81 mm (.350 in. x .150 in. 2 B ED
2685 2785 1-^ 9 2885 8.89 mm x 19.05 mm (.350 in. x .750 in.) 1 C
2670 2770 |.

c
9 2870 8.89 mm x 8.89 mm :.350 in. x .350 in.) 2 D m

2620 2720 1-^ 1 2820 8.89 mm x 3.81 mm i.350 in. x .150 in. 4 E inn
2635 2735 \J\ 2835 3.81 mm x 19.05 mm 1.150 in. x .750 in.

j

2 F Q
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Absolute Maximum Ratings
Average Power Dissipation Per LED Chip (Ta = 50°C; 93mW
Operating Temperature Range -40°Cto+85°C
Storage Temperature Range -40°Cto+85°C
Peak Forward Current Per LED Chip (Ta = 50° CI 361 60 mA

(Maximum Pulse Width = 2.0 ms)
Time Average Forward Current Per LED Chip
Pulsed Conditions 141 20 mA
DC Forward Current Per LED Chip ;HLMP-2700 Series)

(Ta = 50°C) 1' 25 mA
DC Forward Current Per LED Chip (HLMP-2600/-2800
Series; ;Ta = 50°C) i

'
1 30 mA

Reverse Voltage Per LED Chip 6.0V

Lead Soldering Temperature [1.6 mm (1/16 inch; below
seating plane 260°C for 3 seconds

NOTES:
1. Derate maximum DC current above

Ta = 50° C at 0.57 mA/°C per LED
chip, see Figure 2.

2. Derate maximum DC current above
58° C at 0.56 mA/D C per LED chip,

see Figure 2.

3. See Figure 1 to establish pulsed
operating conditions.

4. Derate maximum Iavg current

above Ta = 50° C at 0.40 mA
average/ C per LED chip, see
Figure 2.

5. For operation above Ta = 50° C, see

the allowed deratings for higher

temperatures shown in Figures 2
and 3.

Package Dimensions

3.810

-i°-
,M1

1.270

jTJiio """l
j (0.1501

0.254 : 05

(0.0101

4.064 1

—

(0.160) I

MIN 1

—

J 7.620
(0.3001

_L
6.223
(0.7451

END VIEW A,B,C,D.E,F

8.890 L
(0.3S0I |

3.810 _^„
(0.150)

1.270
-10.0501

_J 3.810
10.150)

I

T

'

1.270
(0.050I

I

10.160
10.4001

WAX.
[—

3 810
(0.150)

4 PLCS

19050
(0.750)

10.160

i0.400) - -

MAX. I

SIDE VIEW C.D.E.F

NOTES: OUTSIDE WALL THICKNESS 0.508 10.020) TYPICAL ALL PACKAGES.
DIMENSIONS IN INCHES AND (MILLIMETRES).

Internal Circuit Diagrams Pin Function

FUNCTION
PIN

A.B C.D.E.F

1 CATHODE o CATHODE a

2 ANODE a ANODE a

3 ANODE b ANODE b
4 CATHODE b CATHODE b
5 CATHODE c CATHODE c

6 ANODE c ANODE c

7 ANODE

d

ANODE d
8 CATHODE d CATHODE d

9 CATHODE e
10 ANODE e

11 ANODE

<

12 CATHODE f

13 CATHODE g
14 ANODE 9

15
16

ANODE h
CATHODE h

C.D.E.F
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Electrical/Optical Characteristics at TA=25°C
HIGH EFFICIENCY RED HLMP-2600 SERIES

Parameter Symbol Min. Typ. Max. Units Test Conditions

Luminous Intensity161

Per Light Emitting

Surface Area

-2655 lv

16 mcd 60 mA Pk: 1 of 3 Duty Factor

6 14 mcd 20 mA DC

-2600 Iv

8 mcd 60 mA Pk: 1 of 3 Duty Factor

3 7 mcd 20 mA DC

-2685 lv

32 mcd 60 mA Pk: 1 of 3 Duty Factor

12 28 mcd 20 mA DC

-2670 Iv

16 mcd 30 mA Pk: 1 of 3 Duty Factor

6 14 mcd 20 mA DC

-2620 lv

8 mcd 60 mA Pk: 1 of 3 Duty Factor

3 7 mcd 20 mA DC

-2635 lv

16
|
mod 60 mA Pk: 1 of 3 Duty Factor

6 14 mcd 20 mA DC
Peak Wavelength \peaK 635 nm

Dominant Wavelength '

Ad 626 nm

Forward Voltage Per LED Vf 2.1 2.6 V IF = 20 mA
Reverse Current Per LED Ih 10 mA Vr = 6V

Thermal Resistance LED
Junction-to-Pin

R0J PIN 150

°C/W/
LED
Chip

ITELLOW HLMP-2700 S ERIES

Parameter Symbol Mln. Typ. Max. Units Test Conditions

Luminous Intensity

'

Per Light Emitting

Surface Area

-2755 lv

12 mcd 60 mA Pk: 1 of 3 Duty Factor

5.4 10 mcd 20 mA DC

-2700 lv

6 mcd 60 mA Pk: 1 of 3 Duty Factor

2.7 5 mcd 20 mA DC

-2785 lv

24 mcd 60 mA Pk: 1 of 3 Duty Factor

1

10.8 20 mcd 20 mA DC

-2770 Iv

12 mcd 60 mA Pk: 1 of 3 Duty Factor

5.4 10 mcd 20 mA DC

-2720 Iv

6 mcd 60 mA Pk: 1 of 3 Duty Factor

2.7 5 mcd 20 mA DC

-2735 Iv

12 mcd 60 mA Pk: 1 of 3 Duty Factor

5.4 10 mcd 20 mA DC

Peak Wavelength kpub 583 nm

Dominant Wavelength '

Ad 585 nm

Forward Voltage Per LED Vf 2.2 2.6 V If = 20 mA
Reverse Current Per LED IR 10 „A Vr = 6V

Thermal Resistance LED
Junction-to-Pin R0J-PIN 150

°c/w/
LED
Chip
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Electrical /Optical Characteristics at TA=25°C
GREEN HLMP-2800 SERIES

Parameter Symbol Mln. Typ. Max. Units Test Conditions

Luminous Intensity *

Per Light Emitting

Surface Area

-2855 Iv

10 mcd 60 mA'Pk: 1 of 3 Duty Factor

5 7 mcd 20 mA DC

-2800 lv

5 mcd 60 mA Pk: 1 of 3 Duty Factor

2.5 3.5 mcd 20 mA DC

-2885 Iv

20 mcd 60 mA Pk: 1 of 3 Duty Factor

10 14 mcd 20 mA DC

-2870 lv

10 mcd 60 mA Pk: 1 of 3 Duty Factor

5 7 mcd 20 mA DC

-2820 Iv

5 mcd 60 mA Pk: 1 of 3 Duty Factor

2.5 3.5 mcd 20 mA DC

-2835 Iv

10 mcd 60 mA Pk: 1 of 3 Duty Factor

S 7 mcd 20 mA DC
Peak Wavelength \peak 565 nm
Dominant Wavelength- 71

\d 572 nm

Forward Voltage Per LED Vf 2.2 2.6 V If = 20 mA
Reverse Current Per LED IR 10 MA Vr = 6V

Thermal Resistance LED
Junction-to-PIn Rflj-PIN 150

•c/w/
LED
Chip

*

Notes:

6. These devices are categorized for luminous intensity with the inlensity category designated bya letter located on the right hand side of

the package.

7. The dominant wavelength. Ad. is derived from the CIE chromaticity diagram and is that single wavelength which detines the color of the

device.

Electrical

The HLMP-2600/-2700/-2800 series of light bar devices

are composed of four or eight light emitting diodes, with

the light from each LED optically scattered to form an

evenly illuminated light emitting surface. The LED's have a

P-N junction diffused into the epitaxial layer on a GaP
transparent substrate.

The anode and cathode of each LED is brought out by

separate pins. This universal pinout arrangement allows

for the wiring of the LED's within a device in any of three

possible configurations: parallel, series, or series/parallel.

The typical forward voltage values, scaled from Figure 4,

should be used for calculating thecurrent limiting resistor

values and typical power dissipation. Expected maximum
Vf values for the purpose of driver circuit design and
maximum power dissipation may be calculated using the

following Vf models:

Vf= 1.8V + Ipeak :40ft:

For Ipeak 5 20mA
Vf = 1.6V- Idc (50ft]

For 5mA < Idc < 20mA

Optical

The radiation pattern for these light bar devices is

approximately Lambertian. The luminous sterance may
be calculated using one of the two following formulas:

L, :cd/m2i = lv icdi

A (m2)

*
Lv (footlamberts! = "£,$;

Size of Light Area
Emitting Surface

Area Sq. Metres Sq. Feet

8.89 mm x 8.89 mm 67.74 x 10"6 729.16 x 10-"

8.89 mm x 3.81 mm 33.87 x 10"6 364.58 x 10"8

8.89 mm x 19.05 mm 135.48 X 10-* 1458.32 x 10'*

3.81 mm x 19.05 mm 72.58 x 10"6 781.25x10"*
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Refresh rates of 1 kHz or faster provide the most efficient

operation resulting in the maximum possible time average

luminous intensity.

The time average luminous intensity may be calculated

using the relative efficiency characteristic of Figure 3,

ijipeak- ar|d adjusted for operating ambient temperature.

The time average luminous intensity at Ta = 25°C is

calculated as follows:

'"™EAVG = [fe] (

»lpEAK)(
'* DalaShee,:'

Example: For HLMP-2735 series

1jPEAK
= 1.18 at Ipeak = 48 mA

lv TIME AVG =
-B

2mA
20mA (1.18) :10 mcd) = 7 mcd

The time average luminous intensity may be adjusted for

operating ambient temperature bythefollowingexponen-
tial equation:

Iv(Ta) = lV (25 C)e IKlT»- 25'c 'i

These light bar devices may be operated in ambient

temperatures above +60°C without derating when
installed in a PC board configuration that provides a

thermal resistance to ambient value less than 250° C/W/

LED. See Figure 6 to determine the maximum allowed

thermal resistance for the PC board, R()pc-a, which will

permit nonderated operation in a given ambient

temperature.

To optimize device optical performance, specially

developed plastics are used which restrict the solvents

that maybe used for cleaning. It is recommended that only

mixtures of Freon !F113) and alcohol be used for vapor

cleaning processes, with an immersion time in the vapors

of less than two [2] minutes maximum. Some suggested
vapor cleaning solvents are Freon TE, Genesolv DI-15 or

DE-15, Arklone A or K. A 60°C <140°Fi water cleaning

process may also be used, which includes a neutralizer

rinse ;3% ammonia solution or equivalents, a surfactant

rinse !1% detergent solution or equivalent!, a hot water

rinse and a thorough air dry. Room temperature cleaning

may be accomplished with Freon T-E35 or T-P35,

Ethanol, Isopropanol or water with a mild detergent.

Device K

-2600 Series

-2700 Series

-2800 Series

-0.0131/°C
-0.011 2/° C
-0.0104/° C

Example: lv (80°C: = (7 mcd) e i-o°, »f«<|-2» |)=3.8mcd

Mechanical

These devices are constructed utilizing a lead frame in a
DIP package. The LED dice are attached directly to the

lead frame. Therefore, the cathode leads are the direct

thermal and mechanical stress paths to the LED dice. The
absolute maximum allowed junction temperature, Tj max,
is 100° C. The maximum power ratings have been
established so that the worst case Vf device does not

exceed this limit. For most reliable operation, it is

recommended that the device pin-to-ambient thermal

resistance through the PC board be less than 250° C/W/
LED. This will then establish a maximum thermal

resistance LED junction-to-ambient of 400° C/W/LED.
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Figure 3. Maximum Allowable DC Current per LED vs.

Ambient Temperature. Deratings Based on
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Figure 4. Relative Efficiency (Luminous Intensity per

Unit Current) vs. Peak LED Current.

5 10 15 20 2S 30

loc - DC CURRENT PER LEO - mA

Figure 6. Relative Luminous Intensity vs. DC Forward Current.

For a Detailed Explanation on the Use of Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.
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HEWLETT
PACKARD

•T

11.0 (.450)

5082-4850/4865

5-1 ijoai_

4.3 (.170)

89 1035)
"64 (.025)

m
23.0 (.901

MIN.

'5 1.060)

1.0 (.0401

1.15 1.0451

0.08 (.036)

2.54 (.100! NOM.

5082-4484/4494

NOTES:
1. ALL DIMENSIONSARE IN MILLIMETRES (INCHES)

2. SILVER PLATED LEADS. SEE APPLICATIONS
BULLETIN 3.

3. AN 6POXY MENISCUS MAY EXTEND ABOUT lmm
l.040"l OOWN THE LEADS.

COMMERCIAL
LIGHT EMITTING

DIODES

5082-4850

5082-4855

5082-4484

5082-4494

TECHNICAL DATA MARCH 1980

Features

• LOW COST: BROAD APPLICATION

• LONG LIFE: SOLID STATE RELIABILITY

• LOW POWER REQUIREMENTS: 20mA @- 1.6V

• HIGH LIGHT OUTPUT
0.8 mcd TYPICAL FOR 5082-4850/4484

1.4 mcd TYPICAL FOR 5082-4855/4494

• WIDE VIEWING ANGLE
• RED DIFFUSED LENS

Description

The 5082-4850/4855 and 5082-4484/4494 are Gallium Arsenide

Phosphide Light Emitting Diodes intended for High Volume/Low
Cost applications such as indicators for appliances, automobile

instrument panels and many other commercial uses.

The 5082-4850/4855 are T-1% lamp size, have red diffused lenses

and can be panel mounted using mounting clip 5082-4707.

The 5082-4484/4494 are T-1 lamp size, have red diffused lenses

and are ideal where space is at a premium, such as high density

arrays.

Absolute Maximum Ratings at TA=25°C

Power Dissipation 100mW

DC Forward Current (Derate linearly from

50°C at 0.2mA/°C) 50mA

Peak Forward Current 1 Amp
(Ijisec pulse width, 300pps)

Operating and Storage

Temperature Range -55°C to +100°C

Lead Soldering Temperature 230°C for 7 sec.
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Electrical Characteristics at TA=25°C

Symbol Parameters
5082-4850 5082-4865 5082-4484 5082-4494

Units Test Conditions

Mln. Typ. Max. Min. Typ. Max. Min. Typ. Max. Mln. Typ. Max.

'v
Luminous

Intensity
0.8 0.8 1.4 0.8 0.8 1.4 mcd l F -20mA

APEAK Wavelength 655 655 655 655 nm
Measurement

at Peak

Ts

Speed of

Response
10 10 10 10 ns

C Capacitance 100

^——
100 100 100 pF

Vp-0,
f - 1MHz

vF
Forward

Voltage
1.6 2.0 1.6 2.0 1.6 2.0 1.6 2.0 V l F -20mA

BVr
Reverse

Breakdown

Voltage

3 10 3 10 3 10 3 10, V l R -100uA

9JC
Thermal
Resistance

100 100 100 100 °C/W
Junction to

Cathode Lead

50

00
i /

30 - 'a •25"C

20 /
10

/

/
71

T. /
4 /
3 /

2

1 1

/
/

1.40 ISO 1-60 1.70

V, - FORWARD VOLTAGE - VOLTS

Figure 1. Forward Current Versus Forward Vol-

tage Characteristic For 5082-4850/

4855/4484/4494.

f J^-^"
^-^4--.. -j

———>:

30" JS^*\*T^ J*r~ JO

V^l-
n? J&c\ ~*~~^i_ v^

•10

\i \ ^r^
40"

60" kAV^CoV. '

60"

60" 60*

70"
y!-~ 70*

10* M

Figure 2. Relative Luminous Intansity Versus

Angular Displacement For

5082-4850/4855.

Figure 3. Relative Luminous Intensity Versus

Angular Displacement For

5082-4484/4494.
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1 \ '
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Figure 4. Relative Luminous Intensity Versus

Forward Current For 5082-4850/

4855/4484/4494.
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ra HEWLETT
PACKARD

5082-4403

5082-4415

SOLID STATE LAMPS 5082-4440

5082-4444

5082-4880 SERIES

TECHNICAL DATA MARCH 1980

Features
EASILY PANEL MOUNTABLE
HIGH BRIGHTNESS OVER A WIDE
VIEWING ANGLE
RUGGED CONSTRUCTION FOR EASE
OF HANDLING
STURDY LEADS ON 2.54mm (0.10 in.)

CENTERS
IC COMPATIBLE/LOW POWER
CONSUMPTION
LONG LIFE

608 <.200|

a 32 (.170}

RED
PLASTIC

Description
The 5082-4403, -4415. -4440. -4444 and the -4880 series

are plastic encapsulated Gallium Arsenide Phosphide
Light Emitting Diodes. They radiate light in the 655

nanometer (red light) region.

The 5082-4403 and -4440 are LEDs with a red diffused

plastic lens, providing high visibility for circuit board or

panel mounting with a clip.

The 5082-4415 and -4444 have the added feature of a 90°

lead bend for edge mounting on circuit boards.

The 5082-4880 series is available in three different lens

configurations. These are Red Diffused, Clear Diffused,

and Clear Non-Diffused.

The Red Diffused lens provides an excellent off/on

contrast ratio. The Clear Non-Diffused lens is designed

for applications where a point source is desired. It is

particularly useful where the light must be focused or

diffused with external optics. The Clear Diffused lens is

useful in masking the red color in the off condition.

LED SELECTION GUIDE

NOTE: AN BFOXY MIN1SCUS MAY EXTEND ABOUT
. |.040"> DOWN THE LEADS.

3IMt.\3'ONS IN Mlfill HI | A%,° I'NCHES;

-4680 SERIES
CATHODE

IDENTIFICATION

\ 'SOB (.2001

4T5U70>
LHUg
B13C.320:

MINIMUM
LIGHT
OUTPUT
(mcd)

LONG LEAD (UNBENT)

Red
Diffused

Lens

Clear Non-
Diffused

Lens

Clear

Diffused

Lens

0.5

1.0

1.6

5082-4880
5082-4881
5082-4882

5082-4883
5082-4884
5082-4885

5082-4886
5082-4887
5082-4888

0.3

0.8

SHORT LEAD
5082-4440
5082-4403

UNBENT

0.3

0.8

5082-4444
5082-4415 BENT

NOTE: AN EPOXY MENISCUS MAY EXTEND ABOUT
1mm 1.040") DOWN THE LEADS.

Maximum Ratings at TA=25°C
DC Power Dissipation 100 mW
DC Forward Current 50mA
(Derate linearly from 50°C at 0.2mA/°C>

Peak Transient Forward Current 1 Amp
(1usec pulse width, 300 pps)

Isolation Voltage (between lead and base) 300 V
Operating and Storage

Temperature Range -55°Cto+100°C
Lead Soldering Temperature 230°C for 7 sec
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Electrical Characteristics at 7>25°C

Symbol Parameter

5082-4403

5082-4415

5082-4440

5082-4444

5082-4880

5082-4883

5082-4886

5082-4881

50824884
5082-4887

5082-4882

5082-4885

5082-4888

Units

Test

ConditionsMin. Typ. Max. Mln. Typ. Max. Mln. Typ. Max. Mln. Typ Max. Mln. Typ. Max.

iv Luminous '.

Intensity

0.8 1.2 0.3 0.7 0.5 0.8 1.0 -3 1.6 1.8 mod lp - 20mA

*PEAK Wavelength 655 655 655 655 655 nm Measurement

at Peak

U Speed ol

Response
15 15 15 15 IS ns

C Capacitance 100 100 100 100 100 pF

9JC Thermal

Resistance

87 87 100 100 100 "C/W Junction to

Cathode Lead

vF Forward

Voltage

1.6 2.0 1.6 2,0 1.6 2.0 1.6 2.0 1.6 2.0 V lp - 20mA

8VR Reverse Break-

down Voltage

3 10 3 10 3 10 3 10 3 10 V lH = 100/iA

TYPICAL RELATIVE LUMINOUS INTENSITY VERSUS ANGULAR DISPLACEMENT

4880. 4881 . 4882

W »' 30-

\ "k ' T"~

< \( <*- \
"m
1

^^^^^^

FORWARD CURRENT VS. VOLTAGE
CHARACTERISTICS

: i

|
i

f

11 1iT1 1 II Llll i i lilt tiii

i

I

i

1 L^j
-a

f ORVYAKD CURRENT - VOLTAGE CHARACTERISTICS

4883, 4884, 4885
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ra HEWLETT
PACKARD SOLID STATE LAMPS 5082-4480

SERIES

TECHNICAL DATA MARCH 1980

Features
• HIGH INTENSITY: 0.8mcd TYPICAL

• WIDE VIEWING ANGLE
• SMALL SIZE T-1 DIAMETER 3.18mm (0.125")

• IC COMPATIBLE
• RELIABLE AND RUGGED

Description
The 5082-4480 is a series of Gallium Arsenide Phosphide

Light Emitting Diodes designed for applications where

space is at a premium, such as in high density arrays.

The 5082-4480 series is available in three lens configura-

tions.

5082-4480 - Red Diffused lens provides excellent on-off

contrast ratio, high axial luminous intensity, and wide view-

ing angle.

5082-4483 - Same as 5082-4480, but Clear Diffused

to mask red color in the "off" condition.

5082-4486 - Clear Non-Diffused plastic lens provides a

point source. Useful when illuminating external lens, annun-

ciators, or photo-detectors.

Maximum Ratings at TA=25°C

24.13 (096)
MIN.

26.40 11.00)

HN.

NOTES.

DC Power Dissipation 100mW

552
! 22!

0.41 (.016)

1. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

2. SILVER PLATED LEADS. SEE APPLICATIONS
BULLETIN 3.

3. AN EPOXY MENISCUS MAY EXTEND ABOUT 1mm
1.040") DOWN THE LEADS.

DC Forward Current 50mA
(Derate linearly from 50°C at 0.2mA/°C)

Peak Forward Current 1 Amp
( 1 /.sec pulse width, 300 pp«)

Operating and Storage

Temperature Range -55°C to +100°C

Lead Soldering Temperature 230°C for 7 sec.

Electrical Characteristics at TA=25°C

PART NO. LENS CONFIGURATION

5082-4480 Red MfUMd

5082-4483 Untlnied Dlffuwd

5082-4486 Clur Plastic

Symbol Parameters

5082-4480

5082-4483

5082-4486

Min. Typ. Max.

Units Test Conditions

Luminous Intensity 0.3 0.8 mcd I F
= 20mA

XpEAK Wavelength 655 Measurement at Peak

Speed of Response 15

Capacitance 100 pF VF = 0, f = 1 MHz

7JC Thermal Resistance 270 °C/W Junction to Cathode Lead

Forward Voltage 1.6 2.0

BVo Reverse Breakdown Voltage 10 10mA
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5082-4480 AND 5082-4483 5082-4486

Figure 1. Relative Luminous Intensity

vs. Angular Displacement.
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Figure 2. Relative Luminous Intensity

vs. Angular Displacement,
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Figure 3. Forward Current vs. Voltage

Characteristic.

Figure 4. Luminous Intensity vs. Forward

Current (lp).
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HEWLETT
PACKARD

LOW PROFILE
SOLID STATE LAMPS

5082-4487

5082-4488

TECHNICAL DATA MARCH 1980

Features
• LOW COST: BROAD APPLICATION

• LOW PROFILE: 4.57mm (0.18") LENS HEIGHT
TYPICAL

• HIGH DENSITY PACKAGING

• LONG LIFE: SOLID STATE RELIABILITY

• LOW POWER REQUIREMENTS:
20mA @ 1.6V

• HIGH LIGHT OUTPUT: 0.8mcd TYPICAL

3.30 (.1301 MAX.

3.30 (0.130) NOM,

NOTES:
1. ALL DIMENSIONSARE IN MILLIMETRES (INCHES).
2. SILVER PLATED LEADS. SEE APPLICATIONS

BULLETIN 3.

3. AN EPOXV MENISCUS MAY EXTEND ABOUT 1mm
I.IMO") DOWN THE LEADS.

Description

The 5082-4487 and 5082-4488 are Gallium Arsenide Phosphide Light Emitting Diodes for High
Volume/Low Cost Applications such as indicators for calculators, cameras, appliances,
automobile instrument panels, and many other commercial uses.

The 5082-4487 is an untinted non-diffused, low profile T-1 LED lamp, and has a typical light output
of 0.8 mcd at 20 mA.

The 5082-4488 is an untinted non-diffused, low profile T-1 LED lamp, and has a guaranteed
minimum light output of 0.3 mcd at 20 mA.

Absolute Maximum Ratings at TA=25°C
DC Power Dissipation 100mW
DC Forward Current [Derate linearly from 50°C at 0.2mA/°C] 50mW
Peak Forward Current [l^sec pulse width, 300pps] 1 Amp
Operating and Storage Temperature Range —55°C to +100°C

Lead Soldering Temperature 230°C for 7 sec.
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Electrical/Optical Characteristics at TA=25°C

Symbol Parameters
5082-4487 5082-4488

Units Test Conditions
Min. Typ. Max. Min. Typ. Max.

"v Luminous Intensity 0.8 0.3 0.8 mod lF =20mA

^PEAK Wavelength 655 655 nm Measurement at

Peak

T
S

Speed of Response 10 10 ns

C Capacitance 100 100 pF VF = 0, f = 1 MHz

VF Forward Voltage 1.6 2.0 1.6 2.0 V lF =20mA

BVB Reverse Breakdown

Voltage

3 10 3 10 V lR = 100jiA

du

I
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Z
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Figure 1. Typical Forward Currant Versus

Voltage Characteristic
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Figure 3. Typical Relative Luminous Intensity
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m HEWLETT
PACKARD

MATCHED ARRAYS OF
SUBMINIATURERED
SOLID STATE LAMPS

3 - ELEMENT. HLMP- 6203

4 -ELEMENT- HLMP -6204

5 -ELEMENT. HLMP -6205

TECHNICAL DATA MARCH 1980

Features
• EXCELLENT UNIFORMITY BETWEEN
ELEMENTS AND BETWEEN ARRAYS

• EASY INSERTION AND ALIGNMENT
• VERSATILE LENGTHS - 3,4,5 ELEMENTS
• END STACKABLE FOR LONGER ARRAYS
• COMPACT SUBMINIATURE PACKAGE STYLE

• NO CROSSTALK BETWEEN ELEMENTS

Description
The HLMP-62XX Series arrays are comprised of several

Gallium Arsenide Phosphide Red Solid State Lamps
molded as a single bar. Arrays are tested to assure

uniformity between elements and matching between
arrays. Each element has separately accessible leads and
a red diffused lens which provides a wide viewing angle

and a high on/off contrast ratio. Center-to-center spacing

is 2.54mm (.100 in.) between elements and arrays are end
stackable on 2.54mm (.100 in.) centers.

Package Dimensions

Absolute Maximum
Ratings/Element at TA=25°C
Power Dissipation 100mW
Average Forward Current (Derate linearly from

50° C at 0.2mA/°/C) 50 mA
Peak Forward Current (see Figure 4) 1000mA
Operating and Storage

Temperature Range -55°Cto+100°C
Lead Soldering Temperature [1.6 mm

(0.063 in.) from body] 245°Cfor3sec.

M 1.01

-50 (.022)

11.« !.«5I

not
BOTH SIDES

2S9M021

M 1016!

M 10221 "

CATHQDF

LUMINOUS INTENSITY
CATEGORY DOT

tot-:
1. AHcDirttnUontsrvinnatbTWlrei (iaefto).

2 Sif»»< ptoud hadt. Sac AppBouon Bulltlkit 1
2 Umt rwy band laadi u shown.
4. Ova«»*fVfm tilhancmparof attmaniillmaa

254mm {100 ml

z*^J \ / i1 __L
'—

' I
1—

'

N (254 (."00)1 MAX
NOTE 4

.23 (.ooBi L.!*1W*HJ
I« «
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Electrical Specifications/Element at ta=25°c

Symbol Description Min, Typ, Max. Units Test Conditions Figure

lv Axial Luminous Intensity .5 1.0 mcd l F » 10 mA; Note 1 2

»W2 Included Angle Between Half

Luminous Intensity Points

45 Deg. Note 2 5

''PEAK Peak Wavelength 655 nm Measurement @ Peak

*d Dominant Wavelength 640 nm Note 3

u Speed of Response 15 ns

c Capacitance 100 pF VF =0;f = 1 MHz

9jc Thermal Resistance 125 "C/W Junction to Cathode Lead at

.79mm(.031in)fromthe body

v F Forward Voltage 1.6 2.0 V If = 10 mA 1

BVR Reverse Breakdown Voltage 3 10 V l R = 100 mA

1JV Luminous Efficacy 55 Im/W Note 4

Notes:

1

.

Arrays categorized for luminous intensity.

2. y - 12 is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

3. Dominant wavelength, a^, is derived from the CI E Chromatid ty Diagram and is that single wavelength which defines the color of

the device.

4. Radiant intensity, l e , in watts/steradian, may be found from the equation le = I v/tjv , where l v is the luminous intensity in candelas

and i?v is the luminous efficacy in lumens/watt.
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Figure 1. Forward Current vs.

Forward Voltage.

Figure 2. Relative Luminous Intensity

vs. DC Forward Current.

Figure 3. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.
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as per MAX Ratings).

Figure 5. Relative Luminous Intensity vs. Angular Displacement.
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HEWLETT
PACKARD

5 VOLT LED RESISTOR LAMPS

HIGH EFFICIENCY RED • HLMP-3600

YELLOW • HLMP-3650

GREEN • HLMP-3680
TECHNICAL DATA MARCH 1980

Features
• INTEGRAL CURRENT LIMITING RESISTOR

• INTEGRAL REVERSE PROTECTION DIODE

• TTL COMPATIBLE: REQUIRES NO EXTERNAL
CURRENT LIMITER WITH 5 VOLT SUPPLY

• COST EFFECTIVE: SPACE SAVING

• PANEL MOUNTABLE T-VA PACKAGE

• WIRE WRAPPABLE LEADS

• WIDE VIEWING ANGLE

Description
The HLMP-3600 series lamps contain an integral current

limiting resistor and reverse current protection diode in

series with the LED. This allows the lamp to be driven from
a 5 volt source without the need for an external current

limiter. The -3600 and -3650 lamps utilize LED chips which
are made from GaAsP on a transparent GaP substrate.

The -3680 lamp utilizes an LED chip made from GaP on a

transparent GaP substrate. These T-1% lamps are
diffused to provide wide off-axis viewing and may be front

panel mounted using the 5082-4707 clip and ring. The
leads are wire wrappable.

Absolute Maximum Ratings
(Ta = 25°C unless otherwise specified'

DC Forward Voltage (Ta = 25°Ci" 1 7.5V

Reverse Voltage 20V

Operating Temperature Range -40°Cto85°C
Storage Temperature Range -40°C to 85°

C

Lead Soldering Temperature 260°C for 5 sec.

1 1.6 mm 1 0.063 inch, from bodyl

Notes:

1. Derate from T» 506 C at 0.071V/"C See Figure 3.

Package Dimensions

69 { 027!
• * .53 I.023I

SQUARI ""••

lj 6.8 1,2201

- 2.54 (.1001 NOM

r>IME«SK)r<SIN«l1I.UVErRES'lKCHrs
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Electrical/Optical Characteristics at TA=25°c

Symbol Parameter
Device

HLMP- Mln. Typ. Max. Units Test Conditions

lv Axial Luminous Intensity'
4

'

3600
3650
3680

1.0

1.0

0.8

2.4

2.4

1.8

mcd Vf = 5 Volts

201/2 Included Angle Between Halt

Luminous Intensity Points

All 90 Note 1 (See Figure 4)

XPeak Peak Wavelength
3600
3650
3680

635
585

565

nm Measurement at Peak

Ad Dominant Wavelength
3600
3650
3680

626

585
572

nm Note 2

Rflj-PIN Thermal Resistance All 90 °C/W Junction to Lead at

3 mm from Body

If Forward Current
3600
3650
3680

10

10

12

15

15

15

mA Vf = 5 Volts

In Reverse Current All 10 mA Vr = 12 Volts

lv Luminous Efficacy

3600
3650
3680

147

570

665
m/W Note 3

Notes:

1. fli/2 Is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

2. The dominant wavelength, x-j, is derived from the CIE chromaticlty diagram and represents the single wavelength which defines the color of the device.

3. Radiant Intensity, U, in watts/steradlan, may be found from the equation U - lv/i?v. where lv Is the luminous Intensity in candelai and r* Is the luminous
efficacy tn lumens/watt. Qtvice k

4. The luminous Intensity may be adjusted for operating ambient temperature

by the following exponential equation: lv ITftl lv -25°C! e'k T* - 25 " c -3650
-3690

-0 013VC
-0C1"2.~C
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Figure 1. Relative Luminous Intensity vs. Applied Forward Voltage
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s N
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V

Figure 2. Forward Current vs. Applied Forward Voltage

10*

TA - AMBIENT TEMPERATURE - *C

Figure 3. Max. Allowed Applied Forward Voltage vs. Ambient Temp.

10s
20' 30- 40" M" SO' TO* 80" SO' 100"

Flgure 4. Relative Luminous Intensity vs. Angular Displacement
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RED 5 AND 12 VOLT hlmp-3105

LED RESISTOR LAMPS hlmp-3112

TECHNICAL DATA MARCH 1980

Features
• INTEGRAL CURRENT LIMITING RESISTOR

• INTEGRAL REVERSE DIODE PROTECTION

• TTL COMPATIBLE: REQUIRES NO EXTERNAL
CURRENT LIMITER WITH 5 VOLT/12 VOLT
SUPPLY

• COST EFFECTIVE: SPACE SAVING

• PANEL MOUNTABLE T-1% PACKAGE

• WIRE WRAPPABLE LEADS

• WIDE VIEWING ANGLE

Description
The HLMP-3105 and -3112 lamps contain an integral

current limiting resistor and reverse current protection
diode in series with the LED. This allows the lamp to be
driven from a 5 volt/1 2 volt source without the need for an
external current limiter. Both lamps utilize LED chips
which are made from GaAsP on a GaAsP substrate. The
color is standard red. These T-1% lamps are diffused to

provide wide off-axis viewing and may be front panel

mounted using the 5082-4707 clip and ring. The leads are
wire wrappable.

Absolute Maximum Ratings
iTa = 25° C unless otherwise specified.

HLMP-310S HLMP-3112

DC Forward Voltage cTa*ZS*G 7 5 Volts ' IS Volts '

Reverse Vollage 20 Volts 20 Volts

Operating Temperature Range -40°Cto85'C -40° C to 85°C

Storage Temperature Range

Lead Soldering Temperature
i 6 mm 0.063 inch from body

-40°C to 85' C -40°C to S5"C

260"C tor 5 seconds

Notes:

1 Derate from Ta - 50°C at 0.071 V/°C. See Figure 3.

2 Derate trom T» =- 50°C at 086V/°C. See Figure 3.

ANODE V\~ V\ CATHODE

Package Dimensions

5-1 I.200I

4.3 (.1701

9.47 1.3731

,8» (.0351 7.96 13131

-SQUARE TVP.

2.54 MOOINOM.

DIMENSIONS IN MILLIMETRES I
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Electrical/Optical Characteristics at ta=25°c

Symbol Parameter

HLMP-3105 HLMP-3112

Units Tesl ConditionsMin. Typ. Max. Min. Typ. Max.

lv Axial Luminous Intensity 4|
0.8 1.5

0.8 1.5

med

med

n
VF = 5 Volts

Vf = 12 Volts

20i/2 Included Angle Between Hall

Luminous Intensity Points
90 90 Note 1 See Figure 2-

APeak Peak Wavelength 655 655 nm Measurement al Peak

Ad Dominant Wavelength 640 640 nm Note 2

Rflj-P<N Thermal Resistance 90 90 -c/w Junction to

Lead al 3mm Irom Body

If Forward Current
13 20

14 20

mA
mA

Vf = 5 Volts

Vf - 12 Volts

|R Reverse Current 10 10 cA Vb = 12 Volts

lv Luminous Efficacy 55 55 im/W Note 3

1. flu? '5 the olf-axts angle a! which the luminous intensity >s hall (he axial luminous intensity.

2. The dominant wavelength. Ao. is derived Irom the CIE chromaticity digram and represents the single wavelength which defines the co'or ol the device.

3. Radiant intensity. I
.
in watts/steradian, may be found from the equation ]» lv/i*. where lv is the luminous intensity in candelas and ij» is the luminous

efficacy in lumens/watt.

4. The lum.nous intensity may oe adjusted lor operating ambient temperature by the following exponeniial equation:

lv Ta - lv 25°C e
-0.1B8 Ta-25*C

5< £1
5 =

2' 6 .8 10 12 14 16

5 73 15

Vcc - APPLIED FORWARD VOLTAGE - V

Figure 1. Relative Luminous Intensity vs. Applied Forward Voltage

/hlUP310£ /
/

/
/ml tP-31 i

/
/

.8 10 12 1

i.
1 16

Vcc - APPLIED FORWARD VOLTAGE V

Figure 2. Forward Current vs, Applied Forward Voltage 1
"

kJHLMP 3 12 —^ %^
HLMP-310fN<

B
20 40 60 80 8S

TA - AMBIENT TEMPERATURE - C

Figure 3. Maximum Allowed Applied Forward Voltage
vs. Ambient Temperature R# ,

. 175°C/W

ID' 20'- 30~ *0 bO 60' 70 80 90 100

Figure 4. Relative Luminous Intensity vs. Angular Displacement
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m HEWLETT
PACKARD RESISTOR LEDS

5082-4860

5082-4468

TECHNICAL DATA MARCH 1980

ri
89 1.0351

EK It?','

n«

i go t
"?

n.n i no]

16.24

1.CO0)

MIN.

k

-7^
IATHODE

320)

290 (.115)

105 1
.1201

: S | BHl

o n i UH
051 (.0201

16.81

(»1
MtN

3.051.120)

"2.031.0*01

4.70 MBS)

t 4.19 (.105)

051 1020)

-L/?l _^\ uolmo* notes mic*M
__I'

(
JJJ — U.I I sSSfSoi 1. ALL DIMENSIONS ARE IN MILLIMETRES flNCHESl.

T NX. y/ 3. SILVER PLATED LEADS- SEE APPLICATIONS
0.7S 1030)N^^X

. . f BULLETIN J.

0.51 1.020! x AN EPOXV MENISCUS MAV EXTEND ABOUT 1mm

5082-4860 OIMENSIONSINMILLIMETRESANOilNCHES umo") down the leads.

NOTE: AN EPOXV MENISCUSMAV EXTEND ABOUT 5082-4468
1mm (0.Q4Q") DOWN THE LEADS.

Features
• TTL COMPATIBLE: 16mA @ 5 VOLTS TYPICAL

• INTEGRAL CURRENT LIMITING RESISTOR

• T-1 DIAMETER PACKAGE, 3.18mm (.125 In.)

T-1% DIAMETER PACKAGE, 5.08mm (.200 in.)

• RUGGED AND RELIABLE

Description
The HP Resistor-LED series provides an integral current limiting resistor in series with the LED. Applica-

tions include panel mounted indicators, cartridge indicators, and lighted switches.

The 5082-4860 is a standard red diffused 5.08mm (.200") diameter (T-1% size) LED, with long wire wrap-

pable leads.

The 5082-4468 is a clear diffused 3.18mm (.125") diameter (T-1 size) LED.

Absolute Maximum Ratings at TA=25°C
DC Forward Voltage [Derate linearly to 5V @ 100°C] 7.5V
Reverse Voltage 7V
Isolation Voltage [between lead and base of the 5082-4860] 300V
Operating and Storage Temperature Range —55°C to +100°C
Lead Soldering Temperature 230°C for 7 sec.
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Electrical Characteristics at TA=25°C

Symbol Parameters

BOS

Min.

2-4860/-4468

Units Test ConditionsTyp. Max.

ly Luminous Intensity 0.3 | 0.8 mcd VF =5.0V

^PEAK Wavelength 655 nm Measurement at Peak

T
s

Speed of Response 15 ns

'f Forward Current 16 20 mA VF =5.0V

BVR Reverse Breakdown Voltage 3 V l R p" 10QuA

TYPICAL RELATIVE LUMINOUS INTENSITY VERSUS ANGULAR DISPLACEMENT

4860

30 20 10 0* 10" 20 30*

s
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3 60

\
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1- 40<
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f
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Tr CASE TEMPERATURE - "C
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2.25
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1-
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<
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'
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>
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VF - FORWARD VOLTAGE - V

Figure 1. Typical DC Forward Current •

Voltage Characteristic

Figure 2. Relative Luminosity vs. Case

Temperature

Figure 3. Relative Luminous Intensity

vs. Voltage
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m HEWLETT
PACKARD VOLTAGE SENSING LED 5082-4732

TECHNICAL DATA MARCH 1980

OUTLINE DRAWING

ftwu.wr.

T

WTti
I. ALLOtMEhStONSAfiEi* WLLIMErftESMNCMESi.
J. SILVER PLATED LEADS SEE AmiCATtQNS

bulletin*

Features

HIGH SENSITIVITY: 10mV ON TO OFF

BUILT IN LED CURRENT LIMITING

TEMPERATURE COMPENSATED THRESHOLD
VOLTAGE

COMPACT: PACKAGE INCLUDES
INTEGRATED CIRCUIT AND LED

GUARANTEED MINIMUM LUMINOUS
INTENSITY

THRESHOLD VOLTAGE CAN BE INCREASED
WITH EXTERNAL COMPONENT

Applications

Push-to-test battery voltage tester (pagers,

cameras, appliances, radios, test equipment. . .)

Logic level indicator

Power supply voltage monitor
V-U meter

Analog level sense

Voltage indicating arrays — use several with
different thresholds

Current monitor

BLOCK DIAGRAM

TEWERATuHE
COVPE\SATEO
REFERENCE
VOLTAGE

COMPARATOR

-^

Description

The HP voltage sensing LEDs use an integrated circuit and a

red GaAsP LED to provide a complete voltage sensing function

in a standard red diffused T-l LED package. When the input

voltage (V IN ) exceeds the threshold voltage (V TH ) the LED
turns "on". The high gain of the comparator provides un-

ambiguous indication by the LED of the input voltage with

respect to the threshold voltage. The V-l characteristics are

resistive above and below the threshold voltage. This allows

battery testing under simulated load conditions. Use of a

resistor, diode or zener in series allows the threshold voltage

to be increased to any desired voltage. A resistor in parallel

allows the sensing LED to be used as a current threshold

indicator.

The 5082-4732 has a nominal threshold voltage of 2.7V.

Absolute Maximum Ratings
Storage Temperature -55°C to +100°C
Operating Temperature -65°C to +85°C
Lead Solder Temperature 230°C for 7 Sec

Input Voltage - V|N HI +5V dc

Reverse Input Voltage - Vr -0.5V

NOTES:
1. Derate linearly above 50°C free-air temperature at a rate of 37mV/°C.
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Electro -Optical Characteristics at TA=25°C

Parameter Sym.

5082-4732

Units Test Conditions FK).Min. Typ- Max.

Threshold Voltage VTH 2.5 2.7 2.9 V 1,2

Temperature Coefficient

of Threshold

avTh
4TA

-1 mV/°C

Input Current •in
13

33 50

mA
mA

V|N = 2.75V

V|N -5.0V

2

2

Luminous Intensity K 0.3 0.7 mcd V|N = 2.75V 1

Wavelength X PEAK 655 nm Measurement at peak

Dominant WavBlength •Vi 639 nm Note 1

20" 10' -
10

- OT 30"

.. .

Ta*=-6'C

••oi

lOmV
F"TO -ON'-

) 5 6

V|N - INPUT VOLTAGE - V

Figure 1. Luminous Intensity vs.

Input Voltage.

60"

70-

80'

90-

V,N - INPUT VOLTAGE - V

Figure 2. Input Current vs. Input Voltage. Figure 3. Relative Luminous Intensity vs.

Angular Displacement.

r ink-
\ /

IK

40*

50

80*

70

SO

3<^K?^f~~-

Techniques For increasing The Threshold voltage

(XTERNAL
OQMf-ONQtl

OWth

>

External Component

v?,, Y3 v?

Schottky Diode

"• (HP60B.'?K.)S>

vtH>H^„
,1

P-N Dic.le

N914)

"^ LED

tb (HP 5082-4484)

V^ 1^ ^H

Zener Diode

V'TH

VTH 0.45V

VTn + 0.75V

Vth 1.6V

V-TH * V 2

AV'th
TC <mV/°C)

ATA

-2

-2.5

-2.9

-1 + Zener TC

Notes: I, The dominant wavelength, Xj, is derived from the CIE chromaticity diagram and represents the single wavelength which

defines the color of the device.

2. Ith is 'he maximum current just below the threshold. Vjh- Sin" do'" 'TH <"nd VTH are variable, a precise value of

V'th Is obtainable only bv selecting R to tit the measured characteristics of the Individual devices (e.g., with curve tracer)

3. The temperature coefficient (TC) will be a function of the resistor TC and the value of the resistor.
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ra HEWLETT
PACKARD

SUBMINIATURE RESISTOR LAMPS
HIGH EFFICIENCY RED

5 VOLT. 4mA •HLMP-6620

5 VOLT, 10mA • HLMP-6600

TECHNICAL DATA JANUARY 1980

Features

• IDEAL FOR TTL AND LSTTL GATE
STATUS INDICATION

• REQUIRES NO EXTERNAL RESISTORS WITH
5 VOLT SUPPLY

• SPACE SAVING SUBMINIATURE PACKAGE

• TWO CHOICES OF CURRENT LEVEL

• RUGGED INTEGRAL RESISTOR AND
REVERSE PROTECTION DIODE

• EXCELLENT VIEWING ANGLE

Description
The HLMP-6600 and HLMP-6620 provide a Red
Gallium Arsenide Phosphide on Gallium Phos-
phide Light Emitting Diode together with an
integral biasing resistor and reverse protection
diode. The package has a red diffused lens and
radial leads. Tape-and-reel mounting is available
on request.

Package Dimensions

CATHODE

j mun~ 178 1.070)

TOP VIEW

NOUS
1. ALL DIMENSIONS ARC IN MILLIMETRES .INCHES;.
2. SILVER-PLATED LEADS SEE APPLICATION BULLETIN 3
X UBMMAV BEND LEADS AS SHOWN

//
M-^H>r

Absolute Maximum Ratings

HLMP-6600 HLMP-6620
DC Forward Voltage 6 Volts 6 Volts

Reverse Voltage 15 Volts 15 Volts

Operating Temperature Range -55°C to 70°

C

Storage Temperature Range -55° C to 100°C
Lead Soldering Temperature
[1.6mm (0.063 in.) from body] 245<'Cfor5sec.

23 i.ixvn
1.91 r.om MAX. / I'

">''

1 21 0M
" .0»)

: : -°' b
;' .

^254(100)
NOV

SIDE VIEW

V-

END VIEW
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Electrical /Optical Characteristics at TA=25°C

Symbol Parameter

HLMP-6600 HLMP-6620

Units Test ConditionsMln. Typ. Max. Mln. Typ. Max.

ly Axial Luminous Intensity 1.0 2.4 - 0.2 0.6 mod Vf = 5 Volts

(See Figure 1)

201/2 Included Angle Between
Half Luminous Intensity

Points

90° 90" Note 1

(See Figure 2)

APEAK Peak Wavelength 635 635 nm Measurement at

Peak

Ad Dominant Wavelength 628 628 nm Note 2

8j Thermal Resistance 120 120 °C/W Junction to

Cathode Lead at

0.79mm (0.031 In.)

From Body

If Forward Current 9.6 13 3.5 5 mA Vf=5 Volts

(See Figure 3)

IR Reverse Current 10 10 MA Vr=15 Volts

vv Luminous Efficacy 147 147 Im/W Note 3

NOTES;
1. 61/2 is the off-axis angle at which the lumii

2. The dominant wavelength. ,\a, is derived (ro

color of the device.

3. Radiant intensity, U. in watts/ steraOian. may be found from tneequation i c = lv/>?v . where Iv is the luminous intensity in candelas and tjv

is the luminous efficacy in lumens/watt.

ninous intensity is half the axial luminous intensify.

Irom the CIE chromaticity diagram and represents the single wavelength which defines the

II

P

& 1 2 3 d S 6 7 9

Vf - FORWARD VOLTAGE - VOLTS

Figure 1. Rotative Luminous Intensity vs.

Forward Voltage.

A

a

"

10' 20* 30' 40' SO- W 701 B0' 90' 100'

Figure 2, Relative Luminous Intensity vs.

Angular Displacement,

*
14

12

10

a

-:

4

2

i j
• /
I

H LMP-6soo/

/
~T~\ >

HUVInax

yjf
) > a

Vp - FORWARD VOLTAGE - VOLTS

Figure 3. Forward Current vs. Forward

Vortage.

i g

T.-25C

>

Z

S 0.6

>

<

s

^^
600 650 700

WAVELENGTH -nm

Figure 4. Relative Intensity vs. Wavelength.
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, HEWLETT
'EM PACKARD

HERMETIC
SOLID STATE

LAMPS*

1N6092 1N6094
IN6093 1N5765

JAN 1N5765/

M2/1N6093/1N6094

JAN TX 1N5765/

IN60SWNBC193/INBG94

TECHNICAL DATA MARCH 1980

Features
• CHOICE OF 4 COLORS

Red
High Efficiency Red
Yellow

Green

• DESIGNED FOR HIGH-RELIABILITY
APPLICATIONS

• HERMETICALLY SEALED

• WIDE VIEWING ANGLE
• LOW POWER OPERATION
• IC COMPATIBLE
• LONG LIFE

• PANEL MOUNT OPTION HAS WIRE
WRAPPABLE LEADS AND AN
ELECTRICALLY ISOLATED CASE

Description
The 1N5765, 1N6092, 1N6093, and 1N6094 are hermeti-
cally sealed solid state lamps encapsulated in a TO-46
package with a tinted diffused plastic lens over a glass
window. These hermetic lamps provide good on-off
contrast, high axial luminous intensity and a wide viewing
angle.

All of these devices are available in a panel mountable
fixture. The semiconductor chips are packaged in a
hermetically sealed TO-46 package with a tinted diffused
plastic lens over glass window. This TO-46 package is

then encapsulated in a panel mountable fixture designed
for high reliability applications. The encapsulated LED
lamp assembly provides a high on-off contrast, a high
axial luminous intensity and a wide viewing angle.

HERMETIC PANEL MOUNT

The 1N5765 utilizes a GaAsP LED chip with a red diffused
plastic lens over glass window.

The 1N6092 has a high efficiency red GaAsPon GaP LED
chip with a red diffused plastic lens over glass window.
This lamp's efficiency is comparable to that of a GaP red
but extends to higher current levels.

The 1N6093 provides a yellow GaAsP on GaP LED chip
with a yellow diffused plastic lens over glass window.

The 1 N6094 provides a green GaP LED chip with a green
diffused plastic lens over glass window.

Color — Part Number — Panel Mount Matrix

Description Red High Efficiency Red Yellow Green
Base Hermetic Part 1 N5765 1N6092 1N6093 1 N6094
Base Hermetic Part

In Panel-Mount 5082-4787 5082-4687 5082-4587 5082-4987

JAN Part JAN1N5765 JAN1N6092 JAN1N6093 JAN1N6094
JAN Part in

Panel-Mount HLMP-0930 M19500/519-01 M19500/520-01 Ml 9500/521 -01

JANTX Part JANTX1N5765 JANTX1N6092 JANTX1N6093 JANTX1N6094
JANTX Part in

Panel-Mount HLMP-0931 M19500/519-02 M 19500/520-02 M 19500/52 1-02

•Panel-Mount versions of all of the above are available per the selection matrix on this page.

165



JAN 1N5765: Samples of each lot are subjected to Group A inspection for parameters listed in Table I, and to Group

B and Group C tests listed below. All tests are to the conditions and limits specified by Ml L-S- 19500/467. A summary of

the data gathered in Groups A, B. and C lot acceptance testing is supplied with each shipment.

JAN TX 1N5765: Devices undergo 100% screening tests as listed below to the conditions and limits specified by MIL-

S-19500/467. The JAN TX lot is then subjected to Group A, Group B and Group C tests as for the JAN 1N5765 above.

Asummary of the data gathered in Groups A, B and C acceptance testing can be provided upon request. Serialized data can

be gathered, but lead times will be increased accordingly.

Group B Sample Acceptance Tests
Method

MIL-STD-750
Group C Sample Acceptance Tests

Method

MIL-STD-750

Physical Dimensions 2066 Low Temp. Operation (-55°C)

Breakdown Voltage 4021

Solderabilitv 2026 Temperature Cycling 1051A

Thermal Shock

Temperature Cycling

Fine Leak Test

Gross Leak Test

1056A

1051A

1071H

1071C

Resistance to Solvents

Temp. Storage (100°C. 1K hours)

Operating Life (50mAdc, 1K hours)

Peak Forward Pulse Current

*

1031

1026

TX Screening (100%)

Moisture Resistance 1021
Temp. Storage (100°C, 72 hours)

Mechanical Shock 2016
Temperature Cycling 1051A

Vibration 2056
Constant Acceleration 2006

Constant Acceleration 2006
Fine Leak Test 1071H

Terminal Strength 2036E
Gross Leak Test 1071C

Salt Atmosphere 1041
Burn-in (50mAdc, 168 hours)

Temp. Storage (100°C, 340 hours) 1032
Evaluation of Drift

dvi.VF .lR )

Operating Life (50mAdc, 340 hours) 1027

•MIL-STD-202 Method 215

Electrical / Optical Characteristics at TA=25°C
(Per Table I, Group A Testing of Ml L-S 19500/467)

Specification Symbol Min. Max. Units
I

1

Test Conditions

Luminous Intensity (Axial)
'v,

0.5 3.0 mcd l F =20mAdc,f> = 0°

Luminous Intensity (off Axis) l«2 0.3 mcd l F
= 20mAdc, 6 = 30° [see Note 1

)

Wavelength *v 630 700 nM Design Parameter

Capacitance C 300 pF VR = 0, f ^ 1 MHz

Forward Voltage VF 2.0 Vdc l

F
-20mAdc

Reverse Current Ir 1 ;jAdc Vr -3Vdc [see Note 1]

NOTES:

1. These specifications apply only to JAN/JAN TX levels.
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Absolute Maximum Ratings at TA=25°C

Parameter
Red

1N5765/4787
High Eft. Red
1N6092/4687

Yellow
1N6093/4587

Green
1N6094/4987

Units

Power Dissipation

(derate linearly from 50°C at

1.6mW/°C)
100 120 120 120 mW

DC Forward Current 50l'l 35l2 l 35P1 35l*l mA

Peak Forward Current
1000

See Fig. 5

60
See Fig. 10

60
See Fig. 15

60
See Fig. 20

mA

Operating and Storage
Temperature Range

-65°C to 100°C

Lead Soldering Temperature
[1.6mm (0.063 in.) from body)

260° C for 7 seconds.

1. Derate from 50° C at 0.2mA/°C
2. Derate from 50° C at 0.5mA/°C

Electrical /Optical Characteristics at TA
==25°C

Symbol Description
1N5765/5082-4787 1N6092/5082-4687 1N6093/5082-4S87 1N6094 '5082-4987

Units Teat Conditions
Min. Typ. Mai. Min. Typ. Max. Min. Typ. Mai. Min. Typ- Mai.

k Axial Luminous
Iniensuy

as 1,0 10 2.S 1.0 2.5 8 1.6

At l r = 25mA
med

Ij 20mA
Figs. 3,8.13.18

2S,i Included Angle

Between Half

Luminous Intensity

Points

60 70 70 70 deg Note 1 Figures

6. 11. 16. 21

npEAK Peak Wavelength 655 635 583 565 nm Measurement
at Peak

u Dominant waveiengtn 6<0 626 585 570 nm Nolo 2

*S
Speed ot Response 10 200 200 203 ns

c Capacitance 200 35 35 35 PF V.-O.N1 MHz

»IC Thermal Resistance* 425 425 425 425 •C'W Notes

Sic Thermal Resistance" 550 550 550 550 -ow Note 3

Vf Forward Voltage 1.6 2.0 2.0 3.0 20 3.0

A

2.1

If =2

3:0

5mA

V l F 20mA
Figures 2. 7.

12. 17

BVb Reverse Breakdown
Voltage

4 S ;

:

SO 5.0 V In » 100„A

I
17* Luminous Efficacy 56 140 455 600 im/W Note 4

NOTES:
1. 6|/j is the off-axis angle al which the luminous intensity is hall the axle! luminous intensity.

2. The dominant wavelength, A«j, Is derived (rom the CIE chromaticily diagram and represents the single wavelength which defines the color of the device.

3. Junction to Cathode Lead with 3.18mm (0.125 inch) of leads exposed between base of flange and neat sink

4. Radiant intensity. I* in watts/ste radian, may oa found from the equation I, - 1,/t-v. where U is the luminous intensity in candelaa and n, '» tne luminous

efficacy in lumens/watt.

•Panel mount.

"TQ-46

WAVFIENGTH - nm

Figure 1. Relative Intensity vs. Wavelength.
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Package Dimensions

5082-4787, 4687, 4587, 4987

l.ALL EXTERNAL MSTAL SURFACES OF THE PACKAGE
ARE BLACK ANODI2EO EXCEPT FOR THE ALOOINE
AREA OF IMt FLANGE AND THE COLO PLATEO LEADS.

2. MOUNTING HARDWARE WHICH INCLUDES ONE LOCK
WASHER AMD ONE HEX-NUT 15 INCLUDED WITH EACH
PANEL MOUNTABLE HERMETIC SOLID STATE LAMP.

3. USE OF METRIC DRILL SI2E 8.20 MILLIMETRES OR
ENGLISH DRILL SIZE P 10.323 INCH) IS RECOMMENDED
FOR PRODUCING HOLE IN THE PANEL FOR PANEL
MOUNTING.

4. ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).

1N5765, 1N6092, 1N6093, 1N6094

4 47 I 176)

i \u
I
ism"

6.35 1.225)

24.fi I.9J0)

26.2 iTOMI

' 40 (.Q161

"OBI (.0241 -

0*1 1.016*

SI '0201
*

IJ4
|
MB)

TINTED PLASTIC
OVER GLASS LENS

— \GtASSYMETA.
-* HERMETIC CAK

^ GOLD PLATED
KOVAR

OUTLINE TO-46

NOTES:
1: ALL DIMENSIONS ARE IN MILLIMETRES (INCHES).
2. GOLD PLATED tEAOS.

RED 1N5765/ 5082-4787

2 *

I

40

.10 : t,-»-c

20 _

l\

1 ! /
/

2

40 1 1.60 \ 1

Vr ~ FORWARD VOLTAGE - VOLTS

Figure 2. Forward Current vs.

Forward Voltage.

1N5765/4787

F0P.WARO CURRENT - mA

Figure 3. Relative Luminous Intensity

vs. Forward Current.

n

I

I

I

"

~~^
-- .— —

1

1

60 100 160 200 250 30<

l„,- - PiAK CURRENT - mA

Figure 4. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.

IM 1000

.),

1 :-:

1.0

:

'"
1

] oso

J

\ OB
\'

n> l i ? J 1 1 i a i « o

*" w -PULSE WIDTH -^i

Figure 5. Maximum Tolerable Peak Currant vs. Pulse Duration.

(IQC MAX as per MAX Ratings!

Figure 6. Relative Luminous Intensity vs. Angular Displacement.
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HIGH EFFICIENCY RED 1N6092/ 5082-4687

/

1

.

/ J I I 1

i

:

la U 10 U
V. - PEAK FORWARD VOLTAQI - V

Figure 7. Forward Currant vs.

Forward Voltage.

100 1,000

i
- PULSE DURATION - m

Figure 10. Maximum Tolerable Peak Cur-

rent vs. Pulse Duration. (IDC MAX
as per MAX Ratings)

200
i I

,_
r i

I? 'SO

is

-| 0.75

51

r

<? •*

OOB

\, - FORWARD CURRENT - nA

Figure 8. Relative Luminous Intensity

vs. Forward Current.

1

',
»

!

.--'
*

'i

A
7

- ^4

23

10 20 X 40 90 60

I.,., - PEAK CURRENT - mA

Figure 9. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current,

£--—T—

'

V i.»

1.0

.75

• \

-"•"A
\

i

—

\Y 1 Y M

^ -28

' n<
-~~z:&3W

O 10 20 30 40 GO 60 70 80 90 1

Figure 11. Relative Luminous Intensity vs. Angular Displacement.

YELLOW 1N6093/5082-4587

s »--

I
*

j

/

—

1.0 1.5 7.0 35 30 JJ

Vi - PEAK FORWARD VOLTAGE - V

Figure 12. Forward Current vs.

Forward Voltage.

1.000 10.000

t, - PULSE DURATION - -t

Figure 15. Maximum Tolerable Peak Cur-

rent vs. Pulse Duration. Urjc MAX
as per MAX Ratings)

z»

> 2.M
I-

|| 1-26

Ij 1.00

%% 075

<— oso

c 0.25

000
5 10 1* 20 75 30 36

I, -FORWARD CURRENT mA

Figure 13. Relative Luminous Intensity

vs. Forward Current.

'

/
/

/
//

20 30 40 50 60

(
- PEA" CURRENT -mA

Figure 14. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.

1

,

^
1

j

1

"

' u

\
.75

\
V '

Y -i. TTw
!

10 10 20 30 40 SO 60 70 B0 90 IAD

Figure 16. Relative Luminous Intansity vs. Angular Displacement.
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GREEN 1N6094/5082-4987

,

::::::ix
/

/. i. 1 1 1 j
?« U 3fl 14

V. -Pf AK FOftWAflO

Figure 17. Forward Current vs.

Forward Voltage.

-PUlSt DURATION -i,

Figure 20. Maximum Tolerable Peak Cur-

rent vs. Pulse Duration. (Ipc MAX
as per MAX Ratings)
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Figure 18. Relative Luminous Intensity

vs. Forward Current.

l,lAK - PEAK CURRENT - mA

Figure 19. Relative Efficiency

(Luminous Intensity per Unit

Current) vs. Peak Current.
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Figure 21. Relative Luminous Intensity vs. Angular Displacement.
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I

—

[VJ
HEWLETT
PACKARD

CLIP AND RETAINING
RING FOR PANEL
MOUNTED LEDS

5082-4707

TECHNICAL DATA MARCH 1980

Description

The 5082-4707 is a black plastic mounting clip

and retaining ring, it is designed to panel mount

Hewlett Packard Solid State high profile T • 1%
size lamps. This clip and ring combination is in-

tended for installation in instrument panels up to

3.18mm (.125") thick. For panels greater than

3.18mm (.125"), counterboring is required to the

3.18mm (.125") thickness.

Mounting instructions

1. Drill an ASA C size 6.15mm (.242") dia.

hole in the panel. Deburr but do not

chamfer the edges of the hole.

2. Press the panel clip into the hole from

the front of the panel.

3. Press the LED into the clip from the

back. Use blunt long nose pliers to push

on the LED. Do not use force on the

LED leads. A tool such as a nut driver

may be used to press on the clip.

-7.11 (.2801 DIA.

6.3S
I.2B01-

DIA.

NOTtS ) DIMENSIONSINMILUMfcTERSONCHES).
2. TOLERANCES .25 (.010).

6-73

(.2661

4.06

(.1601

)

:;;•! 1.0251 ,

381
(.1501

__521 (.205)_J
DIA.

8.00 (.315) DIA.

- 6.86 (.270) DIA.

- 9.53 : 375 I DIA.

4. Slip a plastic retaining ring onto the back

of the clip and press tight using tools such

as two nut drivers.

c = l

-rfc-f

-*-

-r*<

\^
/

not on
-<« •JUT DRIVER
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Solid State Displays

• Selection Guide 17

• Red, High Efficiency Red, Yellow

and Green Seven Segment Displays

• Red Seven Segment Displays

• Integrated Displays

• Hermetically Sealed Integrated

Displays

• Alphanumeric Displays
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Red, High Efficiency Red, Yellow and Green Seven Segment LED Displays

Package Device Description Application
No.

:,'=

4"='

5082-7610
High Efficiency Red, Common Anode, LHDP (14 Pin

Epoxy)

5082-7611

MMMtyf

High Efficiency Red, Common Anode, RHDP (14 Pin

EnnxvlEpoxy)

5082-7613
High Efficiency Red, Common Cathode, RHDP
(10 Pin Epoxy)

*i

5082-7616
7.11mm (.29") High Efficiency Red, Universal Polarity

Overflow Indicator RHDP (14 Pin Epoxy)

5082-7620 Yellow, Common Anode LHDP (14 Pin Epoxy)

5082-7621 Yellow. Common Anode RHDP (14 Pin Epoxy)

5082-7623 Yellow, Common Cathode, RHDP (10 Pin Epoxy)

5082-7626
7.11mm (.29") Yellow, Universal Polarity and

Overflow Indicator RHDP (14 Pin Epoxy)

5082-7630 Green, Common Anode LHDP (14 Pin Epoxy)

5082-7631 Green, Common Anode RHDP (14 Pin Epoxy)

7.62mm (.3")

Dual-ln-Line

.75"Hx.4"Wx.18"D

5082-7633 Green. Common Cathode RHDP (10 Pin Epoxy)

5082-7636
7.11mm (.29") Green, Universal Polarity and

Overflow Indicator RH DP (14 Pin Epoxy)

:0
? ?

5082-7650 High Efficiency Red, Common Anode, LHDP

*.<

10.92mm (.43")

Dual-ln-Line

.75"H x .5"W x .25"D
(14 Pin Epoxy)

JGt H
. ° 9

5082-7651 High Efficiency Red, Common Anode, RHDP

5082-7653 High Efficiency Red, Common Cathode RHDP

5082-7656
10.36 (.4") High Efficiency Red Universal Polarity

and Overflow Indicator RHDP

5082-7660 Yellow Common Anode LHDP

5082-7661 Yellow Common Anode RHDP

5082-7663 Yellow Common Cathode RHDP

5082-7666
10.36 (.4") Yellow Universal Polarity and

Overflow Indicator RHDP

5082-7670 Green Common Anode LHDP

5082-7671 Green Common Anode RHDP

5082-7673 Green Common Cathode RHDP

5082-7676
10.36 (.4") Green Universal Polarity and Overflow

Indicator RHDP

HDSP-3530
High Efficiency Red, Common Anode, LHDP (14 Pin

Epoxy)

HDSP-3531

H
7.62mm (.3")

Dual-ln-Line

.75"Hx.4"Wx.18"D

HDSP-3533

HDSP-3536

HDSP-4030

HDSP-4031

HDSP-4033

HDSP-4036

High Efficiency Red, Common Anode, RHDP (14 Pin

Epoxy)

High Efficiency Red, Common Cathode RHDP
(10 Pin Epoxy)

7.11mm (.29") High Efficiency Red, Universal Polarity

Overflow Indicator RHDP (14 Pin Epoxy)

Yellow, Common Anode, LHDP (14 Pin Epoxy)

Yellow, Common Anode, RHDP

Yellow, Common Cathode, RHOP (10 Pin Epoxy)

7.11mm (.29") Yellow. Universal Polarity Overflow

Indicator RHDP (14 Pin Epoxy)

General Purpose Market

• Test Equipment

• Digital Clocks

• Clock Radios

• TV Channel Indicators

• Business Machines

• Digital Instruments

• Automobiles

For further information see

Application Notes 941 and 964

beginning on page 332.
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Red, High Efficiency Red, Yellow and Green Seven Segment LED Displays (Cont.

Package Device Description Application
Page

No.

:Q:

HDSP-3730

HDSP-3731

HDSP-3733

High Efficiency Red, Common Anode, LHDP

High Efficiency Red, Common Anode, RHDP

High Efficiency Red, Common Cathode, RHDP

T.h

HDSP-3736
10.36mm (.4") High Efficiency Red, Universal

Polarity Overflow Indicator RHDP

HOSP-4130 Yellow, Common Anode LHDP

10.92mm (.43")

Dual-ln-Line

.75"H x .5"w x .25::d

(14 Pin Epoxy)

HDSP-4131 Yellow, Common Anode RHDP

HDSP-4133 Yellow, Common Cathode RHDP

:0: rft

HDSP-4136

5082-7730

10.36mm (.4") Yellow, Universal Polarity

Overflow Indicator RHDP

Red, Common Anode, LHDP

(14 Pin Epoxy)

5082-7731
Red, Common Anode, RHDP
(14 Pin Epoxy)

5082-7736

7.62mm (.3")

Dual-ln-Line

.75"Hx.4"Wx.18"D

7. 1 1mm (.29") Red, Common Anode, Polarity and

Overflow Indicator (14 Pin Epoxy)

5082-7740

;o

Red, Common Cathode, RHDP

(10 Pin Epoxy)

10.92mm (.43")

Dual-ln-Line

,75"H x .5"W x ,25"D

(14 Pin Epoxy)

5082-7750 Red, Common Anode, LHDP

5082-7751 Red, Common Anode, RHDP

5082-7756

5082-7760

10.36mm (.4") Red, Universal Polarity and

Overflow Indicator, R HOP

Red, Common Cathode, RHDP

HDSP-3400 Red, Common Anode LHDP

HDSP-3401 . Red, Common Anode RHDP

HDSP-3403

20.32mm (.8"

Dual-ln-Line

1.09"Hx.78"Wx.33"D

(18 Pin Epoxy)

HDSP-3405

Red, Common Cathode RHDP

Red, Common Cathode LHDP

HDSP-3406
18.87mm (.74") Red, Universal Polarity

Overflow Indicator RHDP

General Purpose Market

• Test Equipment

• Digital Clocks

• Clock Radios

• TV Channel Indicators

• Business Machines

• Digital Instruments

• Automobiles

For further information see

Application Notes 941 and 964

beginning on page 332.
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Red Seven Segment LED Displays

Device Description Package Application

Ai°ii°u^yyHA.

xccc
^urlS^rWW

Pi

vw
O OGGt O

-.-.-.. ..
.

ZE3333C33
Mtatmnnmimimmiin

CCGCXSeGGO
^?.uii>asaiiiiSL_i

5082-7402
2.79mm(.1t") Red. 3 Digits

Right,HI Centered D.P.

12 Pin Epoxy,

7.62mm (,3"l DIP

5082-7403
2.79mm(.ll") Red, 3 Digits

LeftJ" Centered D.P.

5082-7404
2.79mm(.11") Red, 4 Digits

Centered D.P.

5082-7405 2.79mml.n") Red, 5 Digits.

Centered D.P.

14 Pin Epoxy,

7.62mm (.3"l DIP

5082-7412
2.79mm (.11") Red, 3 Digits

Right,!" RHDP
12 Pin Epoxy,

7.62mm (.3") DIP

5082-7413
2.79mm (.11") Red. 3 Digits

Left.HI RHDP

5082-7414
2.79mml.11")Red, 4 Oigit,

RHDP

5082-7415
2.79mm(.ir)Red,5Digit,

RHDP
14 Pin Epoxy,

7.62mm (.3") DIP

5082-7432
2.79mm(.H") Red, 2 Digits

Right,!?! RHDP
12 Pin Epoxy,

7.62mm (.3") DIP

5082-7433
2.79mm (.11") Red, 3 Digits,

RHOP

5082-7440
2.67mm(.105'

Mounted on P,

I Red, 8 Digits,

C. Board

50.8mm(2") P.C. Bd.,

17 Term. Edge Con.

5082-7448
2.67mm(.105'

Mounted on P,

) Red, 8 Digits,

C. Board

60.3mm(2.375")PC Bd.,

17 Term. Edge Con.

5082-7441
2.67mm(.105"

Mounted on P.

) Red, 9 0igits,

C. Board

50.8mm(2") PC Bd.,

17 Term. Edge Con.

5082-7449
2.67mm(.105'

Mounted on P.

I Red, 9 Digits.

C. Board

60.3mm(2.375")PC Bd.,

17 Term. Edge Con.

5082-7442
2.54mm(.100'

Mounted on P

I Red, 12 Digits,

C. Board

60.3mm(2.375")PC Bd..

20 Term. Edge Con.

5082-7445
2.54mm(.100'

Mounted on P

) Red, 12 Digits.

C. Board

5082-7444
2.54mm{.100'

Mounted on P.

) Red, 14 Digits,

C. Board

5082-7446

59.6mm(2.345")PC Bd.,

20 Term. Edge Con.

60.3mm|2.375") PC Bd.

22 Term. Edge Con.

2.92mm(.115") Red, 16 Digits, 69.85mm(2.750")PC Bd.

Mounted on P.C. Board 24 Term. Edge Con.

5082-7447
2.85mm(.112")Red. 14 Digits,

Mounted on P.C. Board

5082-7240
2.59mm(.102"l Red, 8 Digits,

Mounted on P.C. Board

5082-7241
2.59mm(.102")Red,9Digits,

Mounted on P.C. Board.

5082-7265

4.45mm(.175") Red. 5 Digits,

Mounted on P.C. Board.

Centered D.P.

5082-7285
4.45mm(.175") Red, 5 Digits

Mounted on P.C. Board. RHDP

5082-7275

4.45mm(.175") Red, 15 Digits.

Mounted on P.C. Board.

Centered D.P.

5082-7295
4.45mm(.175") Red. 15 Digits,

Mounted on P.C. Board. RHOP

176

60.3mm(2.375")PCBd.,

22 TBrm. Edge Con.

50.8mm (2") PC 8d..

17 Term. Edge Con.

50.8mm(2") PC Bd.,

15 Term. Edge Con.

91.2mm(3.59")PCBd.,

23 Term. Edge Con.

Small Oisplay Market

• Portable/Battery

Power Instruments

• Portable Calculators

• Digital Counters

• Digital Thermometers

• Digital Micrometers

• Stopwatches

• Cameras

• Copiers

• Digital Telephone

Peripherals

• Data Entry Terminals

• Taxi Meters

For further information ask for

Application Note 937.



Integrated LED Displays

Device Description Package Application
Pag.

No.

_r-nj

5082-7300

7.4mm (.29") 4x7 Single Digit

Numeric, RHDP, Built-in

Decover/Oriver/Memory

8 Pin Epoxy,

15.2mm (.6") DIP

5082-7302

7.4mm (.29") 4x7 Single Oigit

Numeric, LHDP, Built-in

Decover/Driver/Memory

5082-7340
7.4mm (.29") 4x7 Single Digit

Hexadecimal, 8uilt-ln

Decoder/Driver/Memory

General Purpose Market

• Test Equipment

• Business Machines

• Computer Peripherals

• Avionics

For further information ask

for Application Note 934 on

LED Display Installation

Techniques
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5082-7304
7.4mm (.29") Overrange

Character Plus/Minus Sign

5082-7356

7.4mm (.29") 4x7 Single Digit

Numeric, RHDP, Built-in

Decoder/Driver/Memory

8 Pin Glass Ceramic

15.2mm (.6") DIP

6082-7357
7.4mm(.29") 4x7 Single Digit

Numeric, LHOP, Built-in

Decoder/Driver/Memory

Medical Equipment

i Industrial and Process Control

Equipment

Computers

Where Ceramic Package IC's

are required.
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5082-7359
7.4mm (.29") 4x7 Single Digit

Hexadecimal, Built-in

Oecoder/Driver/Memory

5082-7358
7.4mm(.29") Overrange

Character Plus/Minus Sign

Hermetically Sealed Integrated LED Displays

Device Description Package Application
Page

No.

+
5082-7010

6.8mm 1.27") 5x7 Single Oigit

Numeric, LHDP, Built-in

Decoder/Driver

8 Pin Hermetic

2.54mm (.100"!

Centers

Pin

5082-7011
6.8mm (.27") Plus/Minus

Sign

> Ground, Airborne,

Shipboard Equipment

i Fire Control Systems
i Space Flight Systems

241
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5082-7391

7.4mm (.29") 4x7 Single Oigit

Numeric, RHDP, Built-in

Decoder/Driver/Memory

8 Pin Hermetic

15.2mm (.6") DIP

with Gold Plated Leads

5082-7392

7.4mm(.29") 4x7 Single Digit

Numeric, LHDP, Built-in

Decoder/Driver/Memory

• Ground, Airborne,

Shipboard Equipment

• Fire Control Systems

• Space Flight Systems

• Other High Reliability

Applications
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5082-7395

7.4mm(.29") 4x7 Single Digit

Hexadecimal, Built-in

Decoder/Driver/Memory

5082-7393
7.4mm(.29") Overrange

Character Plus/Minus Sign

Alphanumeric LED Displays

Device Description Package Application
Page

No.

HDSP-2000
3.7mm (.15") 5x7 Four Char-

acter Alphanumeric Built-in

Shift Register, Drivers

12 Pin Ceramic 7.62mm
(.3")OIP. Redglass

Contrast Filter

• Programmable Calculators

• Computer Terminals

• Business Machines

• Medical Instruments

• Portable, Hand-held or

mobile data entry, read-

out or communications

For further information see

Application Notes 966 and 1001.

starting on page 368.
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Alphanumeric LED Displays (Cont.j

Device Description Package Application

HDSP-2001
3.7mm (.15") 5x7 Four Char-

acter Alphanumeric Built-in

Shift Register, Drivers

12 Pin Ceramic 7.62mm
(.3") DIP Integral

Untinted Glass Lens

HDSP-2010

• Programmable Calculators

• Computer Terminals

• Business Machines

• Medical Instruments

• Portable, Hand-held or

mobile data entry, read-

out or communication

For further information see

Application Notes 966 and

1001, starting on page 368.

12 Pin Ceramic 7.62mm
(.3") DIP Integral

Red Glass Contrast Filtei

• Extended temperature

applications requiring

high reliability.

• I/O Terminals

• Avionics

HDSP-2416

Single-Line 16 Character

Display Panel Utilizing

the HDSP-2000 Display

162.56mm (6.4") L x

58.42mm (2.3") H x

7.11mm (.28") D

H DSP- 24 24

Single-Line 24 Character

Display Panel Utilizing

the HDSP-2000 Display.

• Data Entry Terminals

• Instrumentation

• Electronic Typewriters

For further information see

Application Note 1001

beginning on page 398.

HDSP-2432
Single-Line 32 Character

Display Panel Utilizing

the HOSP-2000 Display

HDSP-2440
Single Line 40 Character

Display Panel Utilizing

the HDSP-2000 Display

177.80mm (7.0") Lx
58.42mm (2.3") Hx
7.1 1mm (.28") D

ftvQ~J$
HDSP-2470

HDSP-2000 Display Inter-

face Incorporating a 64

Character ASCII Oecoder

171.22mm (6.74") Lx
58.42mm (2.3") H x

16.51mm (.65") O

HDSP-2471

HDSP-2000 Display Inter-

face Incorporating a 128

Character ASCII Decoder

HDSP-2472

HDSP-2000 Display Inter-

face with out ASCII De-

coder. Instead, a 24 Pin

Socket is Provided to

Accept a Custom 128

Character Set from a

User Programmed IK x

8PROM

XCOCOX t
HDSP-6300

3.56mm (.14") Eighteen

Segment Eight Character

Alphanumeric

26 Pin 15.2mm
(.6") DIP

• Computer Peripherals and

Terminals

• Computer Base Emergency

Mobile Units

• Automotive Instrument

Panels

• Desk Top Calculators

• Hand-held Instruments

For further information ask for

Application Note 931.

HDSP-6504
3.8mm (.15") Sixteen

Segment Four Character

Alphanumeric

HDSP-6508
3.8mm (.15") Sixteen

Segment Eight Character

Alphanumeric

22 Pin 15.2mm
(.6") DIP

26 Pin 15.2mm
(.6") OIP
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Alphanumeric LED Displays (Cont.i

Device Description Package Application
No.
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HDSP-8716

Single-line 1G Character

Alphanumeric Display

System Utilizing the

HDSP-6508 Display

HDSP-8724

HDSP-8732

HDSP-8740

5082-7100

5082-7101

5082-7102

Single-line 24 Character

Alphanumeric Display

System Utilizing the

HDSP-6508 Display

Single-line 32 Character

Alphanumeric Display

System Utilizing the

HDSP-6508 Display

Single-line 40 Character

Alphanumeric Display

System Utilizing the

HDSP-6508 Display

7.4mm (.29") 5x7 Three

Digit Alphanumeric

7.4mm (.29") 5x7 Four

Digit Alphanumeric

7.4mm (.29") 5x7 Five

Digit Alphanumeric

167.64mm (6.6")L

x 58.42mm (2.3") H

x33mm(1.3")D

218.44mm (8.6") L

x 58.42mm (2.3")H

x 33mm ( 1.3") D

269.24mm (10.6")L

x 58.42mm (2.3") H

x33mm(1.3")D

i Data Entry Terminals

i Instrumentation

i Electronic Typewriters

288

22 Pin Hermetic

15.2mm (.6") DIP

28 Pin Hermetic

15.2mm (.6") DIP

36 Pin Hermetic

15.2mm (.6") DIP

General Purpose Market

• Business Machines

• Calculators

• Solid State CRT
• High Reliability Applications

For further information ask for

Application Note 931 on

Alphanumeric Displays.
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PACKARD

.3 INCH SEVEN SEGMENT DISPLAYS

HIGH EFFICIENCY RED
YELLOW
GREEN

5082- 7610 SERIES

5082-7620 SERIES

5082-7630 SERIES

TECHNICAL DATA MARCH 1980

Features
• COMPACT SIZE

• CHOICE OF 3 BRIGHT COLORS
High Efficiency Red
Yellow

Green

• LOW CURRENT OPERATION
As Low as 3mA per Segment
Designed for Multiplex Operation

• EXCELLENT CHARACTER APPEARANCE
Evenly Lighted Segments
Wide Viewing Angle
Body Color Improves "Off" Segment

Contrast

• EASY MOUNTING ON PC BOARD OR
SOCKETS

industry Standard 7.62mm (.3 In.) DIP
Leads on 2.54mm (.1 in.) Centers

• CATEGORIZED FOR LUMINOUS
INTENSITY; YELLOW AND GREEN
CATEGORIZED FOR COLOR
Use of Like Categories Yields a

Uniform Display

• IC COMPATIBLE
• MECHANICALLY RUGGED

Devices

Description
The 5082-7610. -7620, and -7630 series are 7.62mm (.3 in.) High
Efficiency Red, Yellow, and Green seven segment displays.

These displays are designed for use in instruments, point of sale

terminals, clocks, and appliances.

The -7610, and -7620 series devices utilize high efficiency LED
chips which are made from GaAsP on a transparent GaP
substrate.

The -7630 series devices utilize chips made from GaP on a

transparent GaP substrate.

Part No. 5082- Color Description
Package
Drawing

-7610 High Efficiency Red Common Anode Left Hand Decimal A
-7611 High Efficiency Red Common Anode Right Hand Decimal B
-7613 High Efficiency Red Common Cathode Right Hand Decimal C
-7616 High Efficiency Red Universal Overflow *1 Right Hand Decimal D
-7620 Yellow Common Anode Left Hand Decimal A
-7621 Yellow Common Anode Right Hand Decimal B

-7623 Yellow Common Cathode Right Hand Decimal C
-7626 Yellow Universal Overflow ±1 Right Hand Decimal D
-7630 Green Common Anode Left Hand Decimal A
-7631 Green Common Anode Right Hand Decimal B

-7633 Green Common Cathode Right Hand Decimal C
-7636 Green Universal Overflow t1 Right Hand Decimal D

NOTE Universal pmout brings the anode and cathode of eacn segment's LEO Out 10 separate otns See internal diagra-n D.
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Package Dimensions

A.B.C

FUNCTION
A e C D

UN -7610/-7620/ -70I1/-7IUI/ -7813/-7623/ -nm-iaiet
-7830 JOI -7633 -7636

1 CATHODE* CATHODE* CATHODEW ANODE-d

a CATHODE-1 CATHODE-I ANODE4 MOWN
3 ANODtia MOW ANODE, CATHODE*

4 MOWN MO PIN ANODE* CATHODE*

E NO FIN MO UN ANODE* CATHODE*

6 CATHODE-dp NOCONN.ni CATHOOEI* ANODE*
7 CATHODE-. CATHODE* ANOOE-dp ANODE*
• CATHODE* CATHODE*) ANODE-e ANODE-dp

• NO CONN.»l CATHOOejp ANODE* NO PIN

10 CATHODE* CATHODE* ANODE* CATHODEdp
11 CATHODE* CATHODE* CATHODF.b

12 NOUN NO FIN CATHODE*
13

14

CATHOOE-b

ANODE'*
CATH00E4.

ANODEIS
ANODE*
ANODE*

LUMINOUS
INTENSITY -,

CATEGORY

19.05 : 0.25

(.750 : .0101

_I /

- |U- 1.52

(.060)
,

16.24

(.6001

>=
'

J 6.10 L
• (.2401

A.B.D

SIDE

0.61

(0201
DATE CODE

2.54 *-0.51

(.1001 (.020)

NOTES
1 OimcniKini m millimeters and (Incfiei!

7 All untoVeranod din

lor i«l»-»nce only

3. Redundant anodei.

10.16 .

1.400)

4.06 I 1601 I
MIN. |

1
7.62 (.3001

4.57

1.1801

—

T

A.B.C.D

END

4. UnuMd dp pofion
5. Sm Internal Circuit Diagram.

6. Radundant cathode.

7. SM pari number table lor L.H.D.P. and R.H D.P daiianation

internal Circuit Diagram

Absolute Maximum Ratings
Average Power Dissipation Per Segment or D.P.'

1

(Ta=50°C) 81mW
Operating Temperature Range -40°C to+85°C
Storage Temperature Range -40°C to +85° C
Peak Forward Current Per Segment or D.P.' 3 (Ta=50°C) 60mA
Average Forward Current Per Segment or D.P.'

1 -2
' (Ta = 50°C) 20mA

Reverse Voltage Per Segment or D.P 6.0V

Lead Soldering Temperature 260°Cfor3Sec
11.59mm {1/16 inch) below seating plane <4)

]

Notes: f, See power derating curve

(Fig. 2). 2. Derate DC current from
50"C at 0.4mA/°C per segment.

3 See Fig. 1 to establish pulsed

operating conditions. 4. Clean only In

water. Isopropanol. ethanol, Freon

TF or TE ;or equivalent) and Gene-
solv Of- 15 or DE-15 (or equivalent).
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Electrical/Optical Characteristics at TA=25°C
HIGH EFFICIENCY RED 5082-761 0/-7611/-7613/-761

6

Parameter Symbol Test Condition Mln. Typ. Max. Unlti

Luminous Intensity/Segment'"

(Digit Average)

I.

5mA D.C. 70 250 iicd

20mA D.C. 1430 MCd
{60mA Pk: 1 of 6

Duty Factor
810 ucd

Peak Wavelength rVfEAK 635 nm

Dominant Wavelength "'' A. 626 nm
f-orwaui Vo.tage/Segment or D.P. v,, lp = 5mA 1.7

VIf = 20mA 2.0 2.5

lr = 60mA 2.8

Reverse Current/Segment or D.P. l« V„ = 6V 10 mA
Response Time' 6 t„t, 90 ns

Temperature Coefficient of WSegment or D.P. AV F/°C -2.0 mV/"C

Thermal Resistance LED Junction-to-Pin ROj-pin 282 °C/W/
Seg

YELLOW 5082-7620/-7621/-7623/-7626

Parameter Symbol Test Condition Mln. Typ. Max. Units

Luminous Intensity/Segment "•"

(Digit Average)

I,

5mA D.C. 90 200 MCd

20mA D.C. 1200 AtCd

60mA Pk: 1 of 6
Duty Factor

740 iicd

Peak Wavelength Apt AK 583 nm
Dominant Wavelength S7

A,, 585 nm

Forward Voltage/Segment or D.P- V, lr = 5mA 1.8

Vt^ = 20mA 2 2 2.5

I, = 60mA 3.1

Reverse Current/Segment or D.P. Ik V„ = 6V 10 ma

Response Time '6 t„ t, 90 ns

Temperature Coefficient of W/Segment or D.P. v f/-c -2.0 mV/°C

Thermal Resistance LED Junction-to-Pin Rflj-PIN 282 c/w/
Seg

GREEN 5082-7630/-7631/-7633/-7636
i

Parameter Symbol Test Condition Min. Typ. Max. Units

Luminous Intensity/Segment :

''*
;

(Digit Average)

I.

10mA D.C. 150 300 ucd
20mA D.C. 765 uca

60mA Pk: 1 of 6
Duty Factor

540 .ucd

Peak Wavelength Apeak 565 nm
Dominant Wavelength *»

A,i 572 nm
Forward Voltage/Segment or D.P. V F If = 5mA 1.9

VIf = 20mA 2.2 2.5

l t =60mA 2.9

Reverse Current/Segment or D.P If V B = 6V 10 mA

Response Time B
tn 1: 90 ns

Temperature Coefficient of VVSegment or D.P. AVH/°C -2.0 mV/°C
Thermal Resistance LED Junction-to-Pin ROj-pin 282 "C/W/

Seg

NOTES: 5. The digits are categorized tor luminous intensity with the intensity category designated oy a letter located on the right hand side of the package.

6. The dominant wavelength, Ad. is derived from the CLE. Cnromatlcity Diagram and is that single wavelength which dotines the color of the devloe.

7. The 5082-7620/-7630 series yellow/green displays are categorized as to dominant wavelength with the category designated by a number

adjacent to the intensity category letter.

8. Time lor a 10% — 90% change ot light intensity for step change in current
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Figure 2. Maximum Allowable OC Current and DC
Power Dissipation per Segment as a Func-

tion of Ambient Temperature.

Figure 3. Relative Luminous Efficiency (Luminous

Intensity per Unit Current) vs. Peak Seg-

ment Current.
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Figure 4. Forward Current vs. Forward Voltage Characteristic.
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Figure 5. Relative Luminous Intensity vs. OC Forward Current.

For a Detailed Explanation on the Use of Data Sheet Inlormation and Recommended
Soldering Procedures, See Application Note 1005, Page 464.
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ELECTRICAL maximum power dissipation may be calculated using the

The 5082-7600 series of display products are arrays of
f° llowin9 Vf models.

eight light emitting diodes which are optically magnified Vf = 1.75V + Ipeak (3811:

to form seven individual segments plus a decimal point. For Ipeak > 20mA

The diodes in these displays utilize a Gallium Arsenide
Vf = 1

.
60
^
* 'DC

<

4

?{J

;

Phosphide junction on a Gallium Phosphide substrate to ,
~ DC

f
ZOm

produce high efficiency red and yellow emission spectra
A " 0( tne colored disP|aV Pr°ducts should be used in

and a Gallium Phosphide junction for the green.
conjunction with contrast enhancing filters. Some
suggested contrast filters: for red displays. Panelgraphic

These display devices are designed for strobed operation. Scarlet Red 65 or Homalite 1670; for yellow displays.

The typical forward voltage values, scaled from Figure 4. Panelgraphic Yellow 27 or Homalite (100-1 720, 100-1726);

should be used for calculating the current limiting resistor for green, Panelgraphic Green 48 or Homalite (100-1440,
values and typical power dissipation. Expected maximum 100-1425). Another excellent contrast enhancement
Vf values for the purpose of driver circuit design and material for all colors is the 3M light control film.

*
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PACKARD

43 INCH SEVEN SEGMENT DISPLAYS

HIGH EFFICIENCY RED
YELLOW
GREEN

5082-7650 SERIES

5082-7660 SERIES

5082-7670 SERIES

TECHNICAL DATA MARCH 1980

Features
• LARGE DIGIT

Viewing up to 6 meters (19.7 feet)

• CHOICE OF 3 BRIGHT COLORS
High Efficiency Red
Yellow

Green

• LOW CURRENT OPERATION
As Low as 3mA per Segment
Designed for Multiplex Operation

• EXCELLENT CHARACTER APPEARANCE
Evenly Lighted Segments
Wide Viewing Angle
Body Color Improves "Off" Segment

Contrast

• EASY MOUNTING ON PC BOARD OR
SOCKETS

Industry Standard 7.62mm (.3") DIP
Leads on 2.54mm (.1") Centers

• CATEGORIZED FOR LUMINOUS
INTENSITY; YELLOW AND GREEN
CATEGORIZED FOR COLOR
Use of Like Categories Yields a

Uniform Display

• IC COMPATIBLE
• MECHANICALLY RUGGED

Description
The 5082-7650, -7660, and -7670 series are large 10.92mm (.43

in.) Red, Yellow, and Green seven segment displays. These
displays are designed for use in instruments, point of sale

terminals, clocks, and appliances.

The -7650 and -7660 series devices utilize high efficiency LED
chips which are made from GaAsP on a transparent GaP
substrate.

The -7670 series devices utilize chips made from. GaP on a
transparent GaP substrate.

Devices

Part No. 5082- Color Description Package Drawing

-7650 High Efficiency Red Common Anode Left Hand Decimal A

-7651 High Efficiency Red Common Anode Right Hand Decimal B

-7653 High Efficiency Red Common Cathode Right Hand Decimal C

-7656 High Efficiency Red Universal Overflow ±1 Right Hand Decimal D

-7660 Yellow Common Anode Left Hand Decimal A

-7661 Yellow Comon Anode Right Hand Decimal B

-7663 Yellow Common Cathode Right Hand Decimal C
-7666 Yellow Universal Overflow ±1 Right Hand Decimal D

-7670 Green Common Anode Left Hand Decimal A

-7671 Green Common Anode Right Hand Decimal B

-7673 Green Common Cathode Right Hand Decimal C
-7676 Green Universal Overflow ±1 Right Hand Decimal D

Note: Universal plnout brings the anode and cathode of each segment's LED out to separate pins, see internal diagram D.
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Package Dimensions

-to-

m
^l^_*

ii *

12

II 10.SZI.tiOI

10

- Not* 4

B.C

FRONT VIEW

1170 (SOOI

MAX. H

LUMINOUS
INTENSITY
CATEGORY \ 1.62

4.06 (.100)

MIN.

6-36 (.2501

I -*|lj~-a»f.0.0>

7J21J00)-(- -J

END VIEW SIDE VIEW

NOTES:

1. DimwiMoni in millimvttfl and (inchaj).

2. All untotaranoad dimtnuont are for

fafarence only.

J Radundant anodai.

4. Unuiad dp position.

5. Sm Internal Circuit Diagram.

6. Radundant csthodt.

1

I
PIN

FUNCTION

- A
-7660/-70M/

-7670

B
-7BS1/-7IW1/

-7671

c
J06S/-7803/
-767J

•766«/.7«««/

7670

1 CATHOOE* CATHOOEb ANODE* CATHODC 6

1

CATHODES

ANODEia
CATHODE-f

ANOOEUI
ANODE-I

CATH00EK1
ANOOE<l

NO PIN

«

B
• i

7

NO PIN

NO PIN

CATHODE Op

CATHODE*

NO PIN

WO PIN

NO CONN.IM

CATHOOE*

NO PIN

NO PIN

NO CONN.IH

ANODE«

CATHODE*
CATHOOE*
ANODE-.

ANODE*
•

10

CATHOOEJ
NO CONN,m
CATHOOE-e

CATHODES
CATHODES
CATHODE*

ANODE*1

ANODES
ANOOE*

ANODE-*
CATHOOE-dp

CATHOOE*
11

11 i

IS

CATHODE*
NO PIN

CATHOOE*
ANOOEIU

CATHODE*
NO PIN

CATHODE*
ANODEW

ANODE*
NO PIN

ANODE*
CATHOOEIM

CATHODE*
NO PIN

ANODE*
ANODE*

internal Circuit Diagram

1 ia

2 ^

\f
13

3

a*

>£l-
11

6

d /

10

9

7 3

1 i«

2 *? / / 13

. _I

11

tX_ 7 / rii,
c 10

6

? i^i'k
1

1

LJ

'
;.i

2

r / i. 1-j

13

JL
ii

10

6 1

7
* /dp/

A

8

Absolute Maximum Ratings

Average Power Dissipation Per Segment or D.P. ni (Ta)=50°C) 81 mW
Operating Temperature Range -40°C to +85°C
Storage Temperature Range -40°C to +85°C
Peak Forward Current Per Segment or D.P 13

' (Ta=50°C) 60mA
DC Forward Current Per Segment or D.P. I,2 > (Ta=50°C) 20mA
Reverse Voltage Per Segment or D.P 6.0V
Lead Soldering Temperature 260°C (or 3 Sec

[1.59mm (1/16 inch) below seating plane' 4
')

Notes; 1. See power derating

curve (Fig. 2). 2. Derate average

current from 50° C at 0.4mA/°C per

segment. 3. See Maximum Toler-

able Segment Peak Current vs.

Pulse Duration curve. (Fig. 1). 4.

Clean only In water, isopropanol.

ethanol, Freon TF or TE (or

equivalent) and Genesolv DI-1 5 or

DE-15 (or equivalent).
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Electrical/Optical Characteristics at TA=25°C

HIGH EFFICIENCY RED 5082-7650/-7651/-7653/-7656

Parameter Symbol Test Condition Mln. Typ. Max. Units

Luminous Intensity/Segment""

(Digit Average)

1.

5mA D.C. 135 300 pod

1
20mA D.C. 1720 (icd

60mA Pk: 1 of 6
Duty Factor

970 jiCd

Peak Wavelength A- PEAK 635 ran

Dominant Wavelength16 A 626 nm
Forward Voltage/Segment or D.P. VF l F = 5mA 1.7

VIf = 20mA 2.0 2.5

If = 60mA 2.8

Reverse Current/Segment or D.P. Ir V„ = 6V 10 „A

Response Time" t„ t, 90 ns

Temperature Coefficient of W/Segment or D.P. AVf/"C -2.0 mV/°C

Thermal Resistance LED Junctlon-to-PIn R0J-PIN 282 "CAW/
Seg

YELLOW 5082-7660/-7661/-7663/-7666

Parameter Symbol Test Condition Mln. Typ- Max. Units

Luminous Intensity/Segment |SI

(Digit Average)

1,

5mA D.C. 100 250 /icd

20mA D.C. 1500 pcd
60mA Pk: 1 of 6
Duty Factor

925 /icd

Peak Wavelength A.PBAK 583 nm
Dominant Wavelength 1671

A„ 585 nm
Forward Voltage/Segment or D P. vf If = 5mA 1.8

VIf = 20mA 2.2 2.5

If = 60mA 3.1

Reverse Current/Segment or D.P. l« V„ = 6V mA

Response Time :
"

t„t, 90 ns

Temperature Coefficient of V, /Segment or D.P. Vr/°C -2.0 mV/°C

Thermal Resistance LED Junction-to-Pin R0J-PIN 282 °C/W/
Seg

GREEN 5082-7670/-7671/-7673/-7676

Parameter Symbol Test Condition Mln. Typ. Max. Units

Luminous Intensity/Segment' 5
'

(Digit Average)

1,

10mA D.C. 125 250 ncd
20mA D.C. 640 «cd
60mA Pk: 1 of 6
Duty Factor

450 (icd

Peak Wavelength Apeak 565 nm
Dominant Wavelength 167

'

A„ 572 nm
Forward Voltage/Segment or D.P. VF I; = 10mA 1.9

VIf = 20mA 2.2 2.5

Ir = 60mA 2.9

Reverse Current/Segment or D.P. Ir Vi, = 6V 10 mA
Response Time

,0;
t„t, 90 ns

Temperature Coefficient of V, /Segment or O.P. AViVC -2.0 mV/°C

Thermal Resistance LED Junction-to-PIn Rflj-PIN 282 °C/W/
Seg

NOTES
5. The digits are categorized lor luminous intensity with the intensity category designated Dy a letter located on the right hend side ol the package.

8 The dominant wavelength. Ac is derived Irom the CLE. Cnromatloty Diagram and Is tne single wavelength which defines the color ol the device

7. Tne 50W-7660/-7670 series yellow/green displays are categorized as to dominant wavelength witn the category designated oy a number adjacent to the intensity category letter

8- Time lor a t0%-90% change ol light intensity lor step cnange 'n current
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1000

_L
OPERATION IN

THIS REGION
REQUIRES
TEMPERATURE
DERATING Of

^>C MAX

10000
DC OPERATION

I, - PULSE DURATION - »SEC

Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration.
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Figure 2. Maximum Allowable DC Current per

Segment vs. Ambient Temperature.

Deratings Based on Maximum Allowed

Thermal Resistance Values, LED
Junctlon-to-Amblent on a per Segment

Basis. TjMAX-100°C
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Figure 3. Relative Luminous Efficiency (Luminous
Intensity per Unit Current) vs. Peak Segment
Current.
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i. : 2 3 4.0
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Figure 4. Forward Current vs. Forward Voltage

Characteristic.

S 10 15 20
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Figure 6. Relative Luminous Intensity vs.

DC Forward Current

For a Detailed Explanation on the Use ol Data Sheet Information and Recommended
Soldering Procedures. See Application Note 1005. Page 464.
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ELECTRICAL

The 5082-7600 series of display products are arrays of

eight light emitting diodes which are optically magnified
to form seven individual segments plus a decimal point.

The diodes in these displays utilize a Gallium Arsenide
Phosphide junction on a Gallium Phosphide substrate to

produce high efficiency red and yellow emission spectra

and a Gallium Phosphide junction for the green.

These display devices are designed for strobed operation.

The typical forward voltage values, scaled from Figure 4.

should be used for calculating the current limiting resistor

values and typical power dissipation. Expected maximum
Vf values for the purpose of driver circuit design and
maximum power dissipation may be calculated using the

following Vf models:

Vf = 1.75V + Ipeak (38m
For Ipeak 2 20mA

Vf = 1.60V + Idc (450)

For 5mA < Idc £ 20mA

All of the colored display products should be used in

conjunction with contrast enhancing filters. Some
suggested contrast filters: for red displays, Panelgraphic

Scarlet Red 65 or Homalite 1670; for yellow displays,

Panelgraphic Amber 23 or Homalite ( 1 00-1 720, 1 00-1 726);

for green, Panelgraphic Green 48 or Homalite (100-1440,

100-1425). Another excellent contrast enhancement
material for all colors is the 3M light control film.
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ra HEWLETT
PACKARD

7.6 /10.9mm (0.3/0.43 INCH)

SEVEN SEGMENT DISPLAYS FOR
HIGH LIGHT AMBIENT CONDITIONS

HIGH EFFICIENCY RED HDSP-3530/3730 SERIES

YELLOW - HDSP-4030/4130 SERIES

TECHNICAL DATA MARCH 1980

Features

• HIGH LIGHT OUTPUT
Typically 2300 ^cd/Segment at 100mA Peak,

20mA Average
Designed for Multiplex Operation

• CHOICE OF TWO COLORS
High Efficiency Red
Yellow

• EXCELLENT CHARACTER APPEARANCE
Evenly Lighted Segments
Wide Viewing Angle
Gray Body Color for Optimum Contrast

• EASY MOUNTING ON PC BOARD OR SOCKETS
Industry Standard 7.62mm (0.3 in.) DIP Leads
on 2.54mm (0.1 in.) Centers

• CATEGORIZED FOR LUMINOUS INTENSITY;
YELLOW CATEGORIZED FOR COLOR
Use of Like Categories Yields a Uniform Display

• IC COMPATIBLE

• MECHANICALLY RUGGED

Devices

Description
The HDSP-3530/4030 and -3730/4130 series are 7.62/

10.92mm (0.3/0.43 in.) high efficiency red and yellow
displays designed for use in high light ambient conditions.

These displays are designed for use in instruments,

airplane cockpits, weighing scales, and point of sale

terminals.

The HDSP-3530/4030 and -3730/4130 series devices
utilize high efficiency LED chips, which are made from
GaAsP on a transparent GaP substrate. The active

junction area is larger than that used In the 5082-

7610/7620/7650/7660 series to permit higher peak
currents.

Part No. HDSP-

3530
3531

3533
3536

4030
4031

4033

4036

3730
3731

3733
3736

4130
4131

4133
4136

Color

High Efficiency Red
High Efficiency Red
High Efficiency Red
High Efficiency Red

Yellow

Yellow

Yellow

Yellow

High Efficiency Red
High Efficiency Red
High Efficiency Red
High Efficiency Red

Yellow

Yellow
Yellow

Yellow

Description

7.6mm Common Anode Left Hand Decimal
7.6mm Common Anode Right Hand Decimal
7.6mm Common Cathode Right Hand Decimal
7.6mm Universal Overflow r1 Right Hand Decimal

7.6mm Common Anode Left Hand Decimal
7.6mm Common Anode Right Hand Decimal
7.6mm Common Cathode Right Hand Decimal
7.6mm Universal Overflow ±1 Right Hand Decimal

10.9mm Common Anode Left Hand Decimal
10.9mm Common Anode Right Hand Decimal
10.9mm Common Cathode Right Hand Decimal
10.9mm Universal Overflow ±1 Right Hand Decimal

10.9mm Common Anode Left Hand Decimal
10.9mm Common Anode Right Hand Decimal
10.9mm Common Cathode Right Hand Decimal
10.9mm Universal Overflow ±1 Right Hand Decimal

Package

Drawing

A
B
C
D

A
B
C
D

E

F

G
H

E

F

G
H

Note: Universal pinoui brings the anode and cainode ot each segmer: s LED out to separate pins See internal diagrams D and H.
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Absolute Maximum Ratings (All Products)
Average Power Dissipation Per Segment or DP (Ta=50°C> 85mW
Operating Temperature Range -40° C to +85° C
Storage Temperature Range -40° C to +85° C
Peak Forward Current Per Segment or DP (Ta = 50°Ow 1 20mA

(Pulse Width = 1.25ms)

DC Forward Current Per Segment or DP(Ta=50°C)(11 30mA
Reverse Voltage Per Segment orDP 6.0V

Lead Soldering Temperature (1 .6mm [1/16 inch]

below seating plane) 260°C for 3 Seconds

Package Dimensions (HDSP-3530/4030 Series)

Notes: 1. Derate maximum DC
current above Ta=50°C at 0.51

mA/°C per segment, see Figure 2.

2. See Figure 1 lo establish pulsed

operating conditions.

3E30MO3Q

I UNCTION

3531-4031

A.B.C

CATHODE*
CATHODE!
ANODES!

; NO PIN
. ; .

C
3533. -4033

6 NO PIN

s CATHODE**
7 CATHODE*
e CATHODE-d

a NO CONN.®
10 CATHODE*
ii CATHODE?
12 NO PIN

13 CATHODE*
|

14 ANODE!3i

CATHODE*
CATHODEf
ANODEW
NO PIN

NO PIN

NO CONN.K
CATHODE*
CATHOOE-d

CATHODE"*:

ANOOEI
; ANODE?
ANODE-.

ANODE*
CATHODEW
ANOOEdp
ANODE c

CATHODE*? : ANODE*
CATHODE*

; ANODE

o

CATHODE?
NO PIN

CATHODE*
ANOOEI3)

D
3536.-4036

ANODE*!

NO PIN

CATHODE d

CATHODE*
CATHODE*
ANODE*
ANODE*
ANOOEdp
NO PIN

CATHOl/t-dp

CATHODE*
CATHODE*
ANODE,
ANODE*

LUMINOUS COLOR
INTENSITY BIN
CATEGOHY.

1905 I 0.25

(.750 - .0101

1_

V

<

1.0601

1.02 1.040)

15.24

1600)

6.10

(.240)

A.B.D

SIDE

k
0.6!

(.020)

LUMINOUS
INTENSITY
CATEGORY v 1.52

4.060)

DATE COOE

NOTES:
1. Dimemions in millimeter* and (inches).

2. All untoleranced dimcnuoni are

(ot rtftrefice only.

3. Redundant anode*.

4. UnuKd dp position

-
(
!JS«Ax-r

4.67

1.160)

4.06
;
160:

MIN

5. Sea lnlofn.il Circuit Olityam.

6. Redundant cathode.

7. See pait number table Ic L.H.D.P.

and R.H.D.P. tfesionation.

a. Fc» HDSP-4030*«ri« product only.

4 -4

A.B.C.D

END

Internal Circuit Diagram (HDSP-3530/4030 Series)

ivl 10

t

-J
1^

br—

i

e

i
e/~~7 /

t
1

7

5
'-L

6
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Package Dimensions (HDSP-3730/4130 Series)

* _

11 10.92 (.430)

I s- '-
V-4

1,260) -- »|

10.92 (.430) *

R.H.O.P.

5.21 (.2061

10.05 !

(760:

1

7

3

0.25 .

010)
4

i \ -

\
Note

F.G

FRONT VIEW

_ 12.70 1.500)

MAX.

4 06 (.160)

MIN.

~r

7.62(300) }—

6, F,G, H
END VIEW

E, F, G.H
SIDE VIEW

NOTES:

t . Dimcnuofu in millimMtn and (inches).

7 All unloleranced dirntnpont tie for

1 cf*r nice only.

3. Rtdundml anode*.

4. Unui*d dp position.

5. Sm Internal Circuit digram
6. RtdundanlcathodB.

7. For HOSP-4130 writs product only.

PIN

FUNCTION

E F G H
3730/1131) 3731/4131 3733/4133 3736/4138

1 1 CAT HOD 1'
j CATHODE* ANODE* CATHODE-d !

2 CATHODE.) CATHODE) ANODE) ANODE

d

.*• ANODEI* ANOOEn; CATHOOEiel NO PIN

4 IB.MN no phi NO PIN CATHODE*
.6 NOUN NO PIN NO PIN CATHODE* j

1 CATHODE-dp NO CONN.* NOCONN.I5I ANODE-B

7 CATHODE* CATHODE. ANODE* . ANODE £

«- CATHODEiJ CATHODE-d ANODE-d ANODE dp '

• NOCONN.ISI CATHOOEdp ANODE-dp CATHODEJp
10 CATHOOE* CATHODE* . ANODE-C CATHOOE-b

11 CATHODE, CATHODE*. ANODE*. CATHODE*

ia NO PIN NO PIN NO PIN NO PIN

13 CATHODES CATHODE* ANODE-b ANODE A

14 ANODE"! ANODEW CATHODEISI ANODE*

internal Circuit Diagram (HDSP-3730/4130 Series)

1 M

2 N? // 13

3 _ /l \> / b \7/
Uj I 9 LJ n

1

_j J r~i c
10

6 dp)
f K ,

cJ "

|/n__ s

TZJ

1 14

?
• / /

13

1

11

er> 1 / rA 10

6

7 / ^1 */?

9

8

LJ

". •:

:

/
*

%
1

1

11

6

7 —1—1

—

a
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Electrical /Optical Characteristics at TA=25°C

HIGH EFFICIENCY RED HDSP-3530/-3531/-3533/-3536/-3730/-3731/-3733/-3736

Parameter Symbol Test Condition Mln. Typ. Max. Unit*

Luminous lntensity/Segment'3'

(Digit Average)
lv

100mA Pk: 1 of 5

Duty Factor
1000 2300 >icd

20mA DC 1800 jicd

Peak Wavelength APEAK 635 nm

Dominant Wavelength141 Ad 626 nm

Forward Voltage/Segment or DP. V> . If = 100mA 2.55 3-3 V

Reverse Current/Segment or D.P. Ir Vr = 8V 10 mA

Response Time, Rise and Fall 161
tr. tl 300 ns

Temperature Coefficient of Vp/Segment or DP. .Wf/°C If = 100mA -1.1 mV/'C

Thermal Resistance LED Junction-to-Pin Pflj-PIN 282 °C/W/
Seg

YELLOW HDSP-4030/-4031/-4033/-4036/-4130/-4131/-4133/-4136

Parameter Symbol Test Condition Mln. Typ. Max. Units

Luminous Intensity/Segment 3-

(Digit Average)

lv

100mA Pk: 1 of 5

Duty Factor
1000 2700 «cd

20mA DC 2100 «cd

Peak Wavelength apeak 583 nm

Dominant Wavelength |4
-
51 Ad 585 nm

Forward Voltage/Segment or D.P. Vf If = 100mA 2.6 3.3 V

Reverse Current/Segment or D.P. Ir Vr = 6V i(i „A

Response Time. Rise and Fall'61 tr. tl 200 ns

Temperature Coefficient of vy/Segment or D.P. .Wf/ C If = 100mA -1.1 mV/'C

Thermal Resistance LED Junction-to-Pin RSj-pin 282 °C/W/
Seg

NOTES
3. The digits are categorized tor luminous intensity with the intensity category designated by a letter located on tie right hand side of the

package.

4. The dominant wavelength, ha. is derived trom the CIE chromaticity diagram and is lhat single wavelength which defines the color of the

device.

5. The HDSP-4030/-41 30series yellow displays are categorized as to dominant wavelength with the category designated by a number adjacent

to the Intensity category letter

6. The rise and tall times are tor a 10%-90% change of light intensity to a step change In current.

ELECTRICAL

The HDSP-3530/3730/4030/4130 series of display devices

are composed of eight light emitting diodes, with the light

from each LED optically stretched to form individual

segments and a decimal point. The LEDs have a large area

P-N junction diffused into a GaAsP epitaxial layer on a

GaP transparent substrate.

These display devices are designed for strobed operation

at high peak currents. The typical forward voltage values,

scaled from Figure 4, should be used for calculating the

current limiting resistor values and typical power

dissipation. Expected maximum Vf values forthe purpose

of driver circuit design and maximum power dissipation

may be calculated using the following Vf models:

Vf = 2.15V + Ipeak (11.BO)

For Ipeak 2 30mA

Vf = 1-9V + Idc (19.80)

For 10mA < Idc £ 30mA
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Temperature derated strobed operating conditions are
obtained from Figures 1 and 2. Figure 1 relates pulse

duration (tp ), refresh rate (f). and the ratio of maximum
peak current to maximum dc current (Ipeak MAX/Idc
MAX). Figure 2 presents the maximum allowed dc current

vs. ambient temperature. To most effectively use Figures 1

and 2, perform the following steps:

1. Determine desired duty factor, DF.

Example: Five digits. DF = 1/5

2. Determine desired refresh rate, f. Use duty factor to

calculate pulse duration, tp . Note: DF = f-tp.

Example: f = 1 kHz, tp = 200 Ms
3. Enter Figure 1 at the calculated tp. Move vertically to the

refresh rate line and record the corresponding value of

Ipeak MAX/Idc MAX.
Example: At t D 200fis and f = 1 kHz, Ipeak MAX/Idc

MAX 4.0

4. From Figure 2, determine Idc MAX. Note: Idc MAX is

derated above Ta = 50" C.

Example: At Ta = 60° C. Idc MAX = 25mA
5. Calculate Ipeak MAX from Ipeak MAX/Idc MAX ratio

and calculate Iavg from Ipeak MAX and DF.

Example: Ipeak MAX = (4.0) (25mA) = 100mA peak. Iavg
= (1/5) (100mA) = 20mA average.

The above calculations determine the maximum allowed

strobing conditions. Operation at a reduced peak current

and/or pulse width may be desirable to adjust display light

output to match ambient light level or to reduce power
dissipation to insure even more reliable operation.

Refresh rates of 1 kHz or faster provide the most efficient

operation resulting in the maximum possible time average
luminous intensity.

The time average luminous intensity may be calculated

using the relative efficiency characteristic of Figure 3,

"iPEMO and adiusted for operating ambient temperature.

The time average luminous intensity at Ta=25°C is

calculated as follows:

IV TIME AVG = 'IPEAK
][lv DATA SHEET

Example: For HDSP-4030 series

">ipeak = 1.00 at Ipeak = 100mA

20mA
lv TIME AVG =

20mA
f
100*1 r2.7mcd~] = 2.7mcd/

L J L J segment

The time average luminous intensity may be adjusted for

operating ambient temperature by the following exponen-
tial equation:

lv (Ta) = lv (25° C) e [K
lT* - u°c 'l

MECHANICAL

These devices are constructed utilizing a lead frame in a

standard DIP package. The LED dice are attached directly

to the lead frame. Therefore, the cathode leads are the

direct thermal and mechanical stress paths to the LED
dice. The absolute maximum allowed junction tempera-
ture, Tj MAX, is 100°C. The maximum power ratings have
been established so that the worst case Vf device does not

exceed this limit. For most reliable operation, it is

recommended that the device pin-to-ambient thermal

resistance through the PC board be less than 320° C/W per

segment. This will then establish a maximum thermal

resistance LED junction-to-ambient of 602° C/W per

segment.

These display devices may be operated in ambient

temperatures above -50°C without derating when
installed in a PC board configuration that provides a
thermal resistance to ambient value less than 602° C/W/
Segment. See Figure 6 to determine the maximum allowed

thermal resistance for the PC board. RflPC_A . which will

permit nonderated operation in a given ambient
temperature.

To optimize device optical performance, specially

developed plastics are used which restrict the solvents

that may be used for cleaning. It is recommended that only

mixtures of Freon (F113) and alcohol be used for vapor
cleaning processes, with an immersion time in the vapors
of less than two (2) minutes maximum. Some suggested
vapor cleaning solvents are Freon TE, Genesolv DI-15 or

DE-15, Arklone A or K. A 60°C (140°F! water cleaning
process may also be used, which includes a neutralizer

rinse (3% ammonia solution or equivalent), a surfactant

rinse (1% detergent solution or equivalent), a hot water
rinse and a thorough air dry. Room temperature cleaning
may be accomplished with Freon T-E35or T-P35. Ethanol.
Isopropanol or water with a mild detergent

Device K

-3530/3730 Series -0.0131/°C
-4030/4130 Series -0.0112/°C

Example: lv (70°C) (2.7mcd) e [-o.oiu<7o-250 = i.63mcd/
segment
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CONTRAST ENHANCEMENT
The objective of contrast enhancement is to provide good
display readability in the end use ambient light. The
concept is to employ chrominance contrast techniques to

enhance readability by having the OFF-segments blend

Into the display background and have the ON-segments
stand out vividly against this same background. Therefore.

these display devices are assembled with a gray package

and untinted encapsulating epoxy in the segments.

Contrast enhancement in bright ambients may be

achieved by using a neutral density gray filter such as

Panelgraphic Chromafilter Gray 10. Additional contrast

enhancement may be achieved by using the neutral

density 3M Light Control Film (louvered filter).

OPERANDS IK
THIS REGION
HCQUIRES
TEMPERATURE
OERATINO OF
IpcMAK

- OC OPERATION

5

1

Wff
- R . - 330-CWSEGMfchT

P„. -470'CAvySEOMENT

V -PULSE DURATION- -I

10 20 » 40 50 60 70 80

T. - AMBIENT TEMPERATURE - "C

Figure 1. Maximum Allowable Peak Currant vs. Puis* Duration. Figure 2. Maximum Allowable DC Currant per

Segment vs. Ambient Temperature.

Deratings Based on Maximum
Allowable Thermal Resistance Values,

LED Junctlon-to-Ambient on a per

Segment Basis. TjMAX-10O°C.
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Figure 4. Peak Forward Segment Current
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Figure 5. Relative Luminous Intensity vs.

DC Forward Current.

For a Detailed Explanation on the Use of Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.
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HEWLETT
PACKARD

0.3 INCH RED
SEVEN SEGMENT

DISPLAY

5082-7730 SERIES

5082-7740

TECHNICAL DATA MARCH 1980

Features

5082-7730

Common Anode
Left Hand D.P.

5082-7731

Common Anode
Right Hand D.P.

5082-7736

Polarity and Overflow Indicator

Universal Pinout

Right Hand D.P.

5082-7740

Common Cathode
Right Hand D.P.

EXCELLENT CHARACTER APPEARANCE
Continuous Uniform Segments
Wide Viewing Angle
High Contrast

IC COMPATIBLE
1.6V dc per Segment

STANDARD 0.3" DIP LEAD CONFIGURATION
PC Board or Standard Socket Mountable

CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output from

Unit to Unit within a Single Category

Description
The HP 5082-7730/7740 series devices are common anode
LED displays. The series includes a left hand and a right

hand decimal point numeric display as well as a polarity

and overflow indicator. The large 7.62 mm (0.3 in.) high

character size generates a bright, continuously uniform

seven segment display. Designed for viewing distances of

up to 3 meters (9.9 feet), these single digit displays provide

a high contrast ratio and a wide viewing angle.

The 5082-7730 series devices utilize a standard 7.62 mm
(0.3 in.) dual-in-line package configuration that permits

mounting on PC boards or in standard IC sockets.

Requiring a low forward voltage, these displays are

inherently IC compatible, allowing for easy integration

into electronic instrumentation, point of sale terminals,

TVs. radios, and digital clocks.

Devices

Part No.
5082- Description Package Drawing

7730 Common Anode Left Hand Decimal A

7731 Common Anode Right Hand Decimal B

7736 Universal Overflow ±1 Right Hand Decimal C

7740 Common Cathode Right Hand Decimal D

Note: Universal pinout brings the anode and cathode ol each segment's LED out to separate pins. See internal diagram C.
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Package Dimensions

0.25

.010)

A,B,D

1
FUNCTION

PIN
A

-7730

G
•7731

C
7736

D
77«0

2

CATHODE*.

CATHODEI
CATHODE-.

CATHOOEJ
ANODES
NO PIN

CATHODEW
ANODE-i

3 ANODES ANODEiS CATHODE-d ANOOE-g

4

6

a
7

NO PIN

NO P'S

CATHOOE-dp

CATHOOE-a

NO PIN

NO PIN

NO DGMi -

CATHODE-.

CATHOOE-c

CATHODE*
ANOOE-e

ANOOE-C

ANODES
ANODE-d

CATHOOEtS

ANODE-dp

9

CATHODE-d

NO CONN.IM

CATMOOE-c

CATHOOE-d
CATHODE-dp

CA-THODE-C

ANODE-do

NO PIN

CATHOOE-dp

ANODE*
ANOOE-b

ANODE-.

It

'2

13

14

CATHODE-)

NO PIN

CATHODE*
ANOOEW

CATHOOE-f

NO PIN

CATHOOE-b

ANOOEISI

CATHOOE-b

CATHODE-.

ANOOE-a

ANODE-b

LUMINOUS
INTENSITY -*
CATEGORY. 1.52 ,

\l-0WI~*l

264 (.0101
4.45 1.1761'

0.51

1.0201

NOTES:

1. Dimension! In mlltlmWBrs and llnch.il.

2. All untokfancd dimensions ore

lor relerenoa only
3. Redundant anode.

—:h-oj»(.oioi

7.62|JO0l-|« »|

A,B,C,D

END

4. Unuiad dp poiHion.

6. Sea Internal Circuit Diagram,

6. fladundani cathode.

7. Saa part number table lor L HDP. and R.H.D.P. damnation.

internal Circuit Diagram

1 14

2 Ji 3

3

1 , /&
\£7 X7 10

E
|

'I

' 1

1 M

_• J> 1

1

13

3 t4 J /t4
D

1"^ • 1

__c

fl *-«- !J

6 /Vi Y d ° 9

7 B

l 10

— ?.J
1^1

br-i
9

'
1 T

1

^— a

'•
*r—i

7

fp "Jjp
Q

Absolute Maximum Ratings
Average Power Dissipation Per Segment or D.P.'

,;
(Ta=50°C) 65mW

Operating Temperature Range -40°C to +85°C
Storage Temperature Range -40°C to +85°

C

Peak Forward Current Per Segment or D.P.'
3 (Ta=50"C) 150mA

Average Forward Current Per Segment or DP. ,2: (Ta=50"C) 25mA
Reverse Voltage Per Segment or D.P 6.0V
Lead Soldering Temperature 260° C tor 3 Sec

[1.59mm (1/16 inch) below seating plane 1
'

1

)

Notes: 1. See power derating curve

iFig.2). 2. Derate DC current (rom

50*C at 0.43mA/°C per segment.

3. See Fig 1 to establish pulsed

operating conditions. 4. Clean only in

water, Isopropanol. ethanol, Freon
TF or TE (or equivalent) and Gene-
solv DI-15 or DE-15 (or equivalent).
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Electrical /Optical Characteristics at TA=25°C

Description Symbol Test Condition Min. Typ. Max. Units

Luminous Intensity/Segment '

(Digit Average)

Iv

Ipeak = 100mA
10% Duty Cycle 200 «icd

lF = 20mA 100 350

Peak Wavelength ApF.AK 655 nm

Dominant Wavelength (!l
<V> 640 nm

Forward Voltage, any Segment or D.P. Vf If = 20mA 1.6 2.0 V

Reverse Current, any Segment or D.P. lit V R = 6V 10 %vA
Rise and Fall Time m t„t f 10 ns

Temperature Coefficient of Forward Voltage AV F/~C -2.0 mV/*C

Thermal Resistance LED Junction-to-Pin Rflj-PIN 282 •c/w/
Seg

Notes:

1. The digits are categorized tor luminous intensity with the intensity category designated by a letter located on the right hand side ot the package

2. The dominant wavelength, a , is derived Irom the CIE Chromaticity Diagram and is that single wavelength which defines the color ot the device.

3. Time tor a 10% - 90% change of light intensity for step change in current.

ELECTRICAL

The HDSP-7730/7740 series of display devices are

composed of eight light emitting diodes, with the light

from each LED optically stretched to form individual

segments and a decimal point. The LEDs have the P-N
junction diffused into a GaAsP epitaxial layer on a GaAs
substrate.

These display devices are designed for strobed operation

at high peak currents. The typical forward voltage values,

scaled from Figure 4, should be used for calculating the

current limiting resistor values and typical power
dissipation. Expected maximum Vf values for the purpose

of driver circuit design may be calculated using the

following Vf model:

Vf = 1.55V + Ipeak (7fl)

For 5mA < Ipeak S 150mA

CONTRAST ENHANCEMENT

The 5082-7730/7740 series display may be effectively

filtered using one of the following filter products: Homallte

H100-1605: H 100-1804 (purple): Panelgraphic Ruby Red
60: Dark Red 63: Purple 90; Plexiglas 2423; 3M Brand Light

Control Film for daylight viewing.

OPERATION IN

THIS REGION
REQUIRES
TEMPERATURE
DERATING OF
beMAX

100 1000

tn
- PULSE DURATION - *.SEC

DC OPERATION

Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration.
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Dissipation per Segment as a Function
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Figure 3. Relative Efficiency (Luminous Intensity per Unit

Current) versus Peak Current per Segment.
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/
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Figure 4. Forward Current vs. Forward Voltage. Figure 5. Relative Luminous Intensity vs. DC
Forward Currant

For a Detailed Explanation on the Use of Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.
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ra HEWLETT
PACKARD

.43 INCH RED
SEVEN SEGMENT

DISPLAY

5082-7750 SERIES

5082-7760

TECHNICAL DATA MARCH 1980

Features

• 5082-7750

Common Anode
Lett Hand D.P.

• 5082-7751

Common Anode
Right Hand D.P.

• 5082-7756
Polarity and Overflow Indicator

Universal Pinout

Right Hand D.P.

• 5082-7760
Common Cathode
Right Hand D.P.

• LARGE DIGIT
Viewing Up to 6 Meters (19.7 Feet)

• EXCELLENT CHARACTER APPEARANCE
Continuous Uniform Segments
Wide Viewing Angle
High Contrast

• IC COMPATIBLE

• STANDARD 7.62mm (.3 in.) DIP

LEAD CONFIGURATION
PC Board or Standard Socket Mountable

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output from

Unit to Unit within a Single Category

Description
The 5082-7750/7760 series are large 10.92mm (.43 in.)

GaAsP LED seven segment displays. Designed for

viewing distances up to 6 meters (19.7 feet), these single

digit displays provide a high contrast ratio and a wide

viewing angle.

These devices utilize a standard 7.62mm (.3 in.) dual-in-

line package configuration that permits mounting on PC
boards or in standard IC sockets. Requiring a low forward

voltage, these displays are inherently IC compatible,

allowing for easy integration into electronic instru-

mentation, point of sale terminals, TVs, radios, and digital

clocks.

Devices

Part No. 5082- Description Package Drawing

-7750 Common Anode Lett Hand Decimal A

-7751 Common Anode Right Hand Decimal 8

-7756 Universal Overflow ±1 Right Hand Decimal C

-7760 Common Cathode Right Hand Decimal D

Note: Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagram C.

*
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Package Dimensions

7.01 (.276)-*

11 10.921AM) 10.92 (.430) 4

12.70 1.500) _
MAX.

LUMINOUS
INTENSITY x
CATEGORY \ 1.62 _

\ (.060)

B.D

FRONT VIEW

1.02

1.040)

4.06 (.160)

MIN.

6.35 (.2501

——
—|||-w— CL2S (J>10)

END VIEW SIDE VIEW

NOTES-

1 Duneonorn In mfllim-ttari and lirtchejl

2. AlluntolerancaddimcmiomMifot
rflftfenc* only-

3. Radundant anodai
4. Unuwd dp position

5. Sw Internal Ci-cuil Dtigram,

6. Radundant cathodes

r

10

! ii

IS

13

14

19.05 : 0.25

1.750 : .0101

:JLf :

10

-O 9

10.36

1.408)

8 a H (-;. p

NOTE* 1

FUNCTION

7750

CATHOOE-a

CATHODEf

ANODEm
' NO PIN

,
NO PIN

CATHODE-dp
CATHODE*

CATHOOE-d

NO CONN.til

CATHOOE-c

: CATHOOE-s

NO PIN

CATHODE-b
ANODEI3I

7751

* CATMOO E
""

;
CATHODE I

ANODE i
J'

1 NO PIN

NO PIN

i NO CONN IS!

j
CATHODE-*

CATMODE-d

CATHODE4p
CATHODE e

I CATHODEo

j NO PIN

j
CATHODE-b

; ANODE 13!

-7756

CATHODE d .

ANOOE-d

NO PIN

CATHODE-c
|

CATHODE. '

ANODE*
ANODE-c

ANODE-dp

CATHODE dp

CATHODE-b '

CATHODE a

NO PIN

ANOOE-a

ANODE-b

D
-7700

ANOOE-a

ANODE-f

CATHODE 161-

NO PIN

NO PIN

ANOOE*
ANODE fl

ANODE dp
ANOOE

c

ANODE ii

NOPtN
ANODE-b.

CATHODEW

internal Circuit Diagram
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;
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1 14

2 4^ // 13
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|1

- 3r f / 7r j

—

n

/ */.*/£

9

B

LJ

Absolute Maximum Ratings

Average Power Dissipation Per Segment or D.P. (Ta=50°C) 65mW
Operating Temperature Range -40°C to -85°C
Storage Temperature Range -40°C to +85°C
Peak Forward Current Per Segment or D.P* (Ta=50°C) 150mA
DC Forward Current Per Segment or D.P. ''•' ;Ta=50°C| 25mA
Reverse Voltage Per Segment or D.P 6.0V

Lead Soldering Temperature 260° C tor 3 Sec
[1.59mm (1/16 inch) below seating plane'"

1

]

Notes: 1 . See power derating curve

(Fig.2). 2. Derate average current

from 50° C at 0.43mA/3 C per

segment. 3. See Maximum Toler-

able Segment Peak Current vs.

Pulse Duration curve, (Fig. 1), 4.

Clean only in water, isopropanol,

ethanol, Freon TF or TE (or

equivalent) and Genesolv DI-15 or

DE-15 (or equivalent).
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Electrical /Optical Characteristics at TA=25°C

Description Symbol Test Condition Mln. Typ. Max. Units

Luminous Intensity/Segment
,2i

(Digit Average)

tv

Ipi-ak = 100mA
12.5% Duty Cycle 350 MCd

If = 20mA 150 400

Peak Wavelength Apeak 655 nm

Dominant Wavelength m A, 645 nm

Forward Voltage, any Segment or D.P. Vf If = 20mA 1.6 2.0 V

Reverse Current, any Segment or D.P Ir VR = 6V 10 ma

Rise and Fall Time "'
tc.tr 10 ns

Temperature Coefticient ol Forward Voltage AVh/"C -2.0 mV/'C

Thermal Resistance LED Junction-to-PIn R0J-PIN 282 "C/W/
Seg

Notes:

1. The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side ot the package.

2. The dominant wavelength. Aa. <s derived from the CIE Cnromalicity Diagram and is that single wavelength which defines the color ot the device.

3. Time for a 10% - 90% change of light intensity for step change in current.

ELECTRICAL

The HDSP-7750/-7760 series of display devices are

composed of eight light emitting diodes, with the light

from each LED optically stretched to form individual

segments and a decimal point. The LEDs have the P-N
junction diffused into a GaAsP epitaxial layer on a GaAs
substrate.

These display devices are designed for strobed operation

at high peak currents. The typical forward voltage values,

scaled from Figure 4, should be used for calculating the

current limiting resistor values and typical power
dissipation. Expected maximum Vf values for the purpose

of driver circuit design may be calculated using the

following Vf model:

Vf= 1.55V + IPEAK(7m
For 5mA < Ipeak S 150mA

CONTRAST ENHANCEMENT

The 5082-7750/7760 series display may be effectively

filtered using one of the following filter products: Homalite

H 1 00-1 605 or H 1 00-1 804 Purple; Panelgraphic Ruby Red

60, Dark Red 63 or Purple 90; Plexiglas 2423; 3M Brand

Light Control Film for daylight viewing.

o5

<i m —

III

KCC5OS

OPERATION IN

THIS REGION
REQUIRES
TEMPERATURE
derating of
•dCWAX.

100 1000

t- - PULSE DURATION - uSEC

::c CPEPATiO\

Figure 1 . Maximum Tolerable Peak Current vs. Puis* Duration.
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Figure 2. Maximum Allowable DC Current per

Segment vs. Ambient Temperature.

Derating; Based on Maximum Allowed

Thermal Resistance Values, LED
Junction-to-Ambient on a per Segment

Basis. TjMAX-100°C

Figure 3. Relative Efficiency (Luminous Intensity per Unit

Current) versus Peak Current per Segment.
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Figure 4. Forward Current versus Forward

Voltage.

Figure 5. Relative Luminous Intensity

vs. D.C. Forward Current.

For a Detailed Explanation on the Use ol Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.



20mm (0.8") RED
SEVEN SEGMENT

DISPLAY

HDSP-3400

SERIES

TECHNICAL DATA MARCH 1980

Features

• 20mm (0.8") DIGIT HEIGHT
Viewing Up to 10 Metres (33 Feet)

• EXCELLENT CHARACTER APPEARANCE
Excellent Readability In Bright Amblents
Through Superior Contrast Enhancement
— Gray Body Color
— Untlnted Segments

Wide Viewing Angle
Evenly Lighted Segments
Mltered Corners on Segments

• LOW POWER REQUIREMENTS
Single GaAsP Chip per Segment

• EASY MOUNTING ON PC BOARD OR SOCKETS
Industry Standard 15.24mm (0.6") DIP with

Lead Spacing on 2.54mm (0.1") Centers

Industry Standard Package Dimensions

and Plnouts

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output from

Unit to Unit Within a Single Category

• IC COMPATIBLE
• MECHANICALLY RUGGED

Description
The HDSP-3400 Series are very large 20.32mm (0.8 in.)

GaAsP LED seven segment displays. Designed for

viewing distances up to 10 metres (33 feet), these single

digit displays provide excellent readability in bright

ambients.

These devices utilize a standard 15.24mm (0.6 in.ldual In

line package configuration that permits mounting on PC
boards or in standard IC sockets. Requiring a low forward

voltage, these displays are inherently IC compatible,

allowing for easy integration into electronic instrumenta-

tion, point-of-sale terminals, TVs. weighing scales, and

digital clocks.

Devices

Part No. HDSP Description Package Drawing

-3400 Common Anode Left Hand Decimal A

-3401 Common Anode Right Hand Decimal B

-3403 Common Cathode Right Hand Decimal C

-3405 Common Cathode Left Hand Decimal D

-3406 Universal Overflow ±1 Right Hand Decimal E

Note: Universal pinout brings the anode and cathode of each segment's LED out to separate pins. See internal diagram E.
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Package Dimensions

13.08
10.16 (0.5151
10 4001

27.69 ' 0.26

(1.090 ' 0.0101

^e (0.0501

If

L PACKAGE

FRONT VIEW A.D

i.Tt
(0.0701

tlJ7(0.0601

JHABACTER

FRONT VIEW B.C FRONT VIEW E

2 54 : 0.25

10.100: 0.010)

15.24 : 0.25

(0.600 • 00101

END VIEW

<- DATE CODE

SIDE VIEW

FwnOtoa

* C O E
fin -MOO -3401 -J403 •MM -3-06

1 MO Pi 'J NO PIN NOP>N NOPTN
2 CATHODE a CATHOOE a ANODE ANODE* CATHODE *
3 CATHOOE

'

CATHODE ( ANODE 1 ANODE 1 ANOOE <t

t ANODE" ANOOE '' CATHODE" 1 CATHODE'"'
-a CATHOOE e DATHOH 1 ANODE

e

ANODE* CATHODE =
3 ANODE •' IMOOE CAT MODE 1

*' CATHODE"** CATHODE a
7 ! CATHOOE 00 NO. COMNEC NO CONNEC ANOOE op ANOOE

e

3 NOPtN NO PIN NOP«N NO PIN C«TKODE CP
9 NO PIN NCFIN NO PIN NOP1N NO PIN
ID NO PIN CATHODE dp ANODE do NO PIN ANOOE Op

CATHOOE fl CATHOOE 3 ANODE d ANOOE a CATHODE Op
12 ANODE"1 ANODES CATHODE* CATHOOE

*

CATHOOE
'5 CATHOOE r. CATHODE C ANODE C ANODE c ANODE b
* CATHOOE g CATHOOE g ANODE

g

ANODE g ANODE

«

15 CATHODE O CATHODE b ANODE D ANODE Ij ANOOE

a

16 NOPtN NO PiN NO PIN NO PIN NO PIN
17 AtvODE ' .- CATHODE"' CATHOOE'*' ITHODEi
ia NOP"- NOPtN NO pin NO PIN NO PiN

NOTES:
1. Dimensions In millimetres and (inches).

2. All unloleranced dimensions are lor reference only.

3. Redundant anodes.

Internal Circuit Diagram

4. Unused dp position.

5. See Internal Circuit Diagram.

6. Redundant cathodes.
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Absolute Maximum Ratings
Average Power Dissipation per Segment or DP (Ta= 50o C)' 1

! 100mW
Operating Temperature Range -20° C to +85°C
Storage Temperature Range -20"C to +85° C
Peak Forward Current per Segment orDP (Ta = 50° C, Pulse Width = 1 .2ms)!2 ' 200mA
DC Forward Current per Segment orDP (Ta = 50° C) 1 '! 50mA
Reverse Voltage per Segment or DP 6.0V
Lead Soldering Temperature (1.6mm [1/16 inch] Below Seating Plane) 260°C for 3 sec.

Notes:

1. Derate maximum DC current above Ta = 50°C at 1mA/°C per segment, see Figure 2.

2. See Figure 1 to establish pulsed operating conditions.
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Electrical/Optical Characteristics at ta=25°c

Description Symbol Te»t Condition Mln. Typ. Max. Units

Luminous Intensity/Segment

(Digit Average)! 1 ] Iv If = 20mA 500 900 uCu

Peak Wavelength APEAK 655 nm

Dominant Wavelength!2 ! Ad 640 nm
Forward Voltage, any Segment or DP Vf If = 20mA 1.6 2.0 V

Reverse Current, any Segment or DP In Vr = 5V 10 M
Rise and Fall Time!3 ) tr, t( 10 , ns

Temperature Coefficient of

Forward Voltage <1Vf/°C If = 20mA -1.5 mWC
Thermal Resistance LED Junction-to-PIn Rfij-PIN 375 °C/W/

Seg

Notes:

1

.

The digits are categorized for luminous intensity with the intensity category designated by a letter located on the right hand side of the

package.

2. The dominant wavelength, a„. is derived Irom the CIE Chromaticity Diagram and is that single wavelength which defines the color otthe device.

3. Time tor a 10*> - 90% change ot light intensity tor step change in current.

Electrical

The HDSP-3400 series of display devices are composed of

eight light emitting diodes, with the light from each LED
optically stretched to form individual segments and a

decimal point. The LEDs have the P-N junction diffused

into a GaAsP epitaxial layer on a GaAs substrate.

These display devices are designed for strobed operation

at high peak currents. The typical forward voltage values,

scaled from Figure 4, should be used for calculating the

current limiting resistor values and typical power
dissipation. Expected maximum Vf values for the purpose
of driver circuit design may be calculated using the

following Vf model:

Vf= 1.78V + Ipeak (3.7(1)

For: 30mA <Ipeak <200mA

Contrast Enhancement

The objective of contrast enhancement is to provide good
display readability in the end use ambient light. The
concept Is to have the OFF-segments blend into the

display background and to have the ON-segments stand
out vividly against this same background. To achieve this

goal the HDSP-3400 displays use a gray package and
untinted segments to maximize readability in bright

ambients.

Contrast enhancement is achieved by using one of the

following filter products: SGLHomaliteH100-1 605 RED or

H100-1804 PURPLE: Panelgraphic RUBY RED 60, DARK
RED 63 or PURPLE 90; Plexiglass 2423; 3M Light Control

Film (louvered filters! in 80% Neutral Density, RED 655.

VIOLET or PURPLE colors.

*
'

OPERATION
IN THIS
REGION
REOUIRES
TEMPERATURE
DERATING
Of loc MAX

100 1000

I- - PUISE DURATION - n

DC
OPERATION

Figure 1. Maximum Allowable Peak Current vs. Pulse Duration.
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For a Detailed Explanation on the Use of Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.
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m HEWLETT
PACKARD

SOLID STATE

NUMERIC INDICATOR

(7 Segment Monolithic)

1

5082-7400

SERIES

TECHNICAL DATA MARCH 1980

Features
• ULTRA LOW POWER

Excellent Readability at Only 500 pA
Average per Segment

• CONSTRUCTED FOR STROBED OPERATION
Minimizes Lead Connections

• STANDARD DIP PACKAGE
End Stackable
Integral Red Contrast Filter

Rugged Construction

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity ot Light Output from
Unit to Unit within a Single Category

• IC COMPATIBLE

Description
The HP 5082-7400 series are 2.79mm (.1 1"), seven

segment GaAsP numeric indicators packaged in 3,

4, and 5 digit end-stackable clusters. An integral

magnification technique increases the luminous in-

tensity, thereby making ultra-low power consump-

tion possible. Options include either the standard

lower right hand decimal point or a centered deci-

mal point for increased legibility in multi-cluster

applications.

Applications include hand-held calculators, port-

able instruments, digital thermometers, or any other

product requiring low power, low cost, minimum
space, and long lifetime indicators.

Device Selection Guide

*

Digits per

Cluster

~"—

"

1

Configuration Part Number

Device

Center Decimal Point Right Decimal Point

3 (right) B B B 5082-7402 5082-7412

3 (left) B'B'fl!
5082-7403 5082-7413

4
fl B,B B 5082-7404 5082-7414

5 B BIB fl'B 5082-7405 5082-7415
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Units

Peak Forward Current per Segment (Duration < 1 msec) 'peak 110 mA
Average Current per Segment 'avg 5 mA
Power Dissipation per Digit '" V 80 mW
Operating Temperature, Ambient TA -40 75 °C

Storage Temperature Ts -40 100 °c

Reverse Voltage Vr 5 V

NOTES: 1. A- 25°C; derate 1mW/°C above 25°C ambient. 2. See Mechanical Section for recommendeO flux removal solvents.

Electrical /Optical Characteristics at TA=25°C
Parameter Symbol Test Condition Min. Typ. Max. Units

Luminou! Intensity/Segment or dp I 3-
4'

(Time Avuraged) lv

I AVG =
1 mA

dPK = 10mA
duty cycle = 10%)

5 20 MCd

Peak Wavelength *PEAK 555 nm

Forward Voltage/Segment or dp Vf l F
= 10mA 1.6 2.0 V

Reverse Current/Segment or dp Ir Vn = 5V 100 HA

Rise and Fall Time I5 ' tr.tf 10 ns

NOTES: 3. The digits are categorized for luminous intensity. Intensity categories are designated by a letter located on the back side of

the package. 4. Operation at Peak Currents less than 5mA is not recommended. 5. Time for a 10%-90% change of light In-

tensity for step change in current.

J
A 8 1.2 1.6 2.0 2.4 2.8 3.2

VF - FORWARD VOLTAGE - V

Figure 1. Forward Current vs.

Forward Voltage.
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Figure 2. Typical Time Averaged Luminous Intensity per Segment

(Digit Average) vs. Average Current per Segment.
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Figure 3. Relative Luminous Intensity vs. Case

Temperature at Fixed Current Level.
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fc£AK - PEAK CURRENT PER SEGMENT - mA

Figure 4. Relative Luminous Efficiency vs.

Peak Current per Segment.
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Package Description NOTES: 1. Dimensions in millimeters and (inches).

2. Tolerances on all dimensions are ±0.038mm (1.015 in.) unless otherwise noted.

- U_ '•»' 1 0.13
""1.050; .0081

12 7A A A rO, M, A
3.1B

1.125)

flEF.

CpPP 1 5.35 1 0.

^AiAiAdy 1.250 .0

PIN 1 KEY— WWWWW W

'Jf.REF. I""!
I-086' MAX.

(0701

4.43 ' 0.51

2.54 1.175 I .020)

Figure 5. 5082-7402/-7403/-7404/

•7412/-7413/-7414

1.90-0.13 —
1.075 ; .0051

PIN 1 KEY J U. 1

2.64 | ] 0.51 : 4.45

1001 .. _ (.175;.020l

Figure 6. 5082-7405/741

S

All Devices

Magnified Character Font Description

DIMENSIONS IN MILLIMETERS AND (INCHESI.

DEVICES

5032-7402

5032-7403

5032-7404

5032-7405

Figure 7. Center Decimal Point Conflguretion.

DIMENSIONS IN MILLIMETERS ANO (INCHES).

DEVICES

5082-7412

5082-7413

5082-7414

5082-7415

Figure 8. Right Decimal Point

Configuration
.787 1.031)

REF.

Device Pin Description
PIN NO. 5082-7402/7412

FUNCTION
5082-7403/7413

FUNCTION

5082-7404/7414

FUNCTION
5082-7405/7415

FUNCTION

1 SEE NOTE 1. CATHODE 1 CATHODE 1 CATHODE 1

2 ANODE e ANODE e ANODE e ANODE

e

3 ANODE

c

ANODE c ANODE c ANODE

c

4 CATHODE 3 CATHODE 3 CATHODE 3 CATHODE 3

5 ANODE dp ANODE dp ANODE dp ANODE dp

6 CATHODE 4 SEE NOTE 1. CATHODE 4 ANODE d

7 ANODE g ANODE

g

ANODE g CATHODE 5

8 ANODE d ANODE d ANODE d ANODE

g

9 ANODE f ANODE f ANODE f CATHODE 4

10 CATHODE 2 CATHODE 2 CATHODE 2 ANODE f

11 ANODE

b

ANODE

b

ANODE

b

(See Note 1)

12 ANODE a, ANODE a ANODE a ANODEb

13 - - - CATHODE 2

14 - - - ANODE a

NOTE 1. Leave Pin unconnected
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Electrical /Optical

The 5082-7400/-7410 series devices utilize a monolithic

GaAsP chip of 8 common cathode segments for each
display digit. The segment anodes of each digit are

interconnected, forming an 8 by N line array, where N Is

the number of characters in the display. Each chip is

positioned under an integrally molded lens giving a

magnified character height of 2.79mm (0.11 ' inches.

Satisfactory viewing will be realized within an angle of

approximately ±30° from the center-line of the digit.

The decimal point in the 7412, 7413. 7414, and 7415
displays is located at the lower right of the digit for

conventional driving schemes.

The 7402. 7403, 7404 and 7405 displays contain a centrally

located decimal point which is activated in place of a digit.

In long registers, this technique of setting off the decimal
point significantly improves the display's readability. With
respect to timirg, the decimal point is treated as a separate

character with its own unique time frame.

Mechanical

The 5082-7400 series package is a standard 12 or 14 Pin

DIP consist ng of a plastic encapsulated lead frame with

integral molded lenses. It is designed for plugging into

DIP sockets or soldering into PC boards. The lead frame

construction allows use of standard DIP insertion tools

and techniques. Alignment problems are simplified due to

the clustering of digits in a single package. The shoulders

of the lead frame pins are intentionally raised above the

bottom of the package to allow tilt mounting of up to 20"

from the PC board.

To improve display contrast, the plastic incorporates a red

dye that absorbs strongly at all visible wavelengths except

the 655 nm emitted by the LED. In addition, the lead

frames are selectively darkened to reduce reflectance. An
additional filter, such as Plexiglass 2423, Panelgraphic 60

or 63. and SGL Homalite 100-1605, will further lower the

ambient reflectance and improve display contrast.

To optimize device optical performance, specially

developed plastics are used which restrict the solvents

that may be used for cleaning. It is recommended that only

mixtures of Freon : F 1 1 3 ' and alcohol be used for vapor

cleaning processes, with an immersion time in the vapors

of less than two [2) minutes maximum. Some suggested

vapor cleaning solvents are Freon TE, Genesolv DI-15 or

DE-15, Arklone A or K. A 60°C '.140°C water cleaning

process may also be used, which includes a neutralizer

rinse (3% ammonia solution or equivalent:, a surfactant

rinse i1% detergent solution or equivalent!, a hot water

rinse and a thorough air dry. Room temperature cleaning

may be accomplished with Freon T-E35 or T-P35, Ethanol,

Isopropanol or water with a mild detergent.
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[VJ
HEWLETT
PACKARD

SOLID STATE

NUMERIC INDICATOR

(7 Segment Monolithic)

5082-7430

SERIES

TECHNICAL DATA MARCH 1980

Features

• MOS COMPATIBLE
Can be Driven Directly from many
MOS Circuits

• LOW POWER
Excellent Readability at Only 250 «A Average
per Segment

• CONSTRUCTED FOR STROBED OPERATION
Minimizes Lead Connections

• STANDARD DIP PACKAGE
End Stackable

Integral Red Contrast Filter

Rugged Construction

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output from

Unit to Unit within a Single Category

Description

The HP 5082-7430 series displays are 2.79mm (.11

inch, seven segment GaAsP numeric indicators pack-

aged in 2 or 3 digit end-stackable clusters on 200
mil centers. An integral magnification technique in-

creases the luminous intensity, thereby making ul-

tra-low power consumption possible. These clusters

Device Selection Guide

have the standard lower right hand decimal points.

Applications include hand-held calculators, portable

instruments, digital thermometers, or any other

product requiring low power, low cost, minimum
space, and long lifetime indicators.

Digits per

Cluster

Configuration

Part Number
Device Package

2(right; (Figure 5) 5082-7432'B 5

3 B B B (Figure 5) 5082-7433
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Units

Peak Forward Current per Segment or dp (Duration < 500jis) peak 50 mA

Average Current per Segment or dp 'avg 5 mA

Power Dissipation per Digit Ml Pb 80 mW
Operating Temperature, Ambient TA -40 75 "C

Storage Temperature Ts -40 100 °C

Reverse Voltage Vr 5 V

Solder Temperature 1/16" below seating plane (t < 3 sec) ' 21 230 °c

NOTES: 1. Derate linearly @ 1 mW'C above 25°C ambient. 2. See Mechanical section (or recommended (lux removal solvents.

Electrical /Optical Characteristics at TA=25°C
Parameter Symbol Test Condition Min. Typ. Max. Units

Luminous Intensity/Segment or dp'3 '4 ' lv lAVG 500/jA

(l PK = 5mA
duty cycle = 10%)

10 40 Med

Peak Wavelength *PEAK 655 nm

Forward Voltage/Segment or dp VF l F
= 5mA 1.55 2.0 V

Reverse Current/Segment or dp Ir VB = 5V 100 U-A

Rise and Fall Time 161
tr.t, 10 ns

NOTES: 3. The digits are categorized for luminous intensity. I

the package. 4. Operation at Peak Currents less than
tensity for step change m current.

ntensity categories are designated by a letter located on the back side of

3.5mA is not recommended. 5. Time for a 1 0%-90% change o( light in-
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u 30
Q

I "

3 «
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1
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J
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V, - PEAK FORWARD VOLTAGE - V

Figure 1. Peak Forward Current vs.

Peak Forward Voltage
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Figure 2. Typical Time Averaged Luminous Intensity

per Segment vs. Average Current per Segment
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Figure 3. Relative Luminous Intensity vs. Ambient
Temperature at Fixed Current Level
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Figure 4. Relative Luminous Efficiency vs. Peak

Current per Segment
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Package Description

5.08 1.200;-

TYP.

6.36 : 0.26

(.260:,0101

iWWlA^•T^

V.A.2, is.

NOTES: 1. DIMENSIONS IN MILLIMETERS AND (INCHES).
2 TOLERANCES O'J ALL DIMENSIONSARE 0.038 -• 1.0151

UNLESS OTHERWISE SPECIFIED.

WWW

0.26 j ^_
(0101 II rid*—

ft

Flgur«5.

Magnified Character Font Description

DEVICES
5082-7432

5082-7433

DIMENSIONS IN MIIUMETEBS AND (INCHES!.

Figure 6.

Device Pin Description

PIN

NUMBER
5082-7432

FUNCTION
5082-7433

FUNCTION

1 SEE NOTE 1. CATHODE 1

2 ANODE e ANODE e

3 ANODE d ANODE

d

4 CATHODE 2 CATHODE 2

5 ANODE

c

ANODEc

6 ANODE dp ANODE dp

7 CATHODES CATHODE 3

8 ANODE

b

ANODE b

9 ANODE

g

ANODE

g

10 ANODE a ANODE a

11 ANODE f ANODE f

12 SEE NOTE 1. SEE NOTE 1.

NOTE 1. Leave Pin unconnected.
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Electrical /Optical Mechanical

The 5082-7430 series devices utilize a monolithic GaAsP
chip of 8 common cathode segments for each display

digit. The segment anodes of each digit are intercon-

nected, forming an 8 by N line array, where N is the

number of characters in the display. Each chip is

positioned under an integrally molded lens giving a

magnified character height of 2.79mm (0.11) inches.

Satisfactory viewing will be realized within an angle of

approximately ±20° from the center-line of the digit.

To improve display contrast, the plastic encapsulant
contains a red dye to reduce the reflected ambient light.

An additional filter, such as Plexiglass 2423. Panelgraphic
60or 63, and SGLHomalite 100-1605, will further lower the
ambient reflectance and improve display contrast.

Character encoding on the 5082-7430 series devices is

performed by standard 7segmentdecoder/drivercircuits.
Through the use of strobing techniques only one
decoder/driver is required for very long multidigit

displays.

The 5082-7430 series package is a standard 12 Pin DIP
consisting of a plastic encapsulated lead frame with

integral molded lenses. It is designed for plugging into

DIP sockets or soldering into PC boards. The lead frame

construction allows use of standard DIP insertion tools

and techniques. Alignment problems are simplified due to

the clustering of digits in a single package.

To optimize device optical performance, specially

developed plastics are used which restrict the solvents

that may be used forcleaning. It is recommended that only

mixtures of Freon (F113i and alcohol be used for vapor

cleaning processes, with an immersion time in the vapors

of less than two [2] minutes maximum. Some suggested

vapor cleaning solvents are Freon TE, Genesolv DI-15 or

DE-15, Arklone A or K. A 60°C i140°Cl water cleaning

process may also be used, which includes a neutralizer

rinse :3% ammonia solution or equivalent!, a surfactant

rinse 11% detergent solution or equivalent:, a hot water

rinse and a thorough air dry. Room temperature cleaning

may be accomplished with Freon T-E35 or T-P35, Ethanol,

Isopropanol or water with a mild detergent.

MM
XALCUI.ATOB
ON A CHIP-

-HI BhB\D5B

Figure 7. Block Diagram for Calculator Display

215



1

m s
EWLETT

PACKARD
SPECIAL PARTS

FOR CALCULATORS
5082-7440

SERIES

TECHNICAL DATA MARCH 1980

Features
• MOS COMPATIBLE
Can be driven directly from MOS circuits.

• LOW POWER
Excellent readability at only 250pA
average per segment.

• UNIFORM ALIGNMENT
Excellent alignment is assured by design.

• MATCHED BRIGHTNESS
Uniformity of light output from digit to

digit on a single PC Board.

• AVAILABLE IN 50.8mm (2.0 inch) AND
60.325mm (2.375 Inch) BOARD LENGTHS

Description
The HP 5082-7440 series displays are 2.67mm (.105")

high, seven segment GaAsP Numeric Indicators mounted
in an eight or nine digit contiguration on a P.C. Board.

These special parts, designed specifically for calculators,

have right hand decimal points and are mounted on

Device selection Guide

5.08mm (200 mil) centers. The plastic lens magnifies the

digits and includes an integral protective bezel.

Applications are primarily portable, hand-held calculators

and other products requiring low power, low cost and long

lifetime indicators which occupy a minimum of space.

Digitt

Per

PC Board

Configuration

Part No.

Device Package

8 E E E fl. B. B. B. B.
(Figure 5)

5082-7440

5082-7448

BE B. E B B. B. B. B.
(Figure 5)

5082-7441

9

5082-7449
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Units

Peak Forward Current per Segment or dp (Duration < 50Qf/s) •peak 50 mA
Average Current per Segment or dp'" >AVG 3 mA
Power Dissipation per Digit Po 50 mW
Operating Temperature, Ambient TA -20 +85 °C

Storage Temperature TS -20 +85 °C

Reverse Voltage Vr 5 V

Solder Temperature at connector edge (t<3 sec.)!2 ' 230 °c

NOTES: 1. Derate linearly @0.1mA/°C above 60°C ambient. 2. See Mechanical section for recommended soldering techniques

and flux removal solvents.

Electrical /Optical Characteristics at TA=25°C
Parameter Symbol Test Condition Min. Typ. Max. Units

Luminous Intensity/Segment or dp13 '4 ' W 'avG = 500^A
(lPK =5mA
duty cycle = 10%)

9 40 ucd

Peak Wavelength \wk 655 nm

Forward Voltage/Segment or dp VF lF = 5mA 1.55 V

NOTES: 3. See Figure 7 for test circuit.

4. Operation at Peak Currents of less than 3.5mA is not recommended.

I

,

/
1 1 2 1 1 6 s :

\fc
- PEAK FORWARD VOLTAGE - V

Figure 1. Peak Forward Current vs.

Peak Forward Voltage

i ;

s
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TA - AMBIENT TEMPERATURE -°C

Figure 3. Relative Luminous Intensity vs. Ambient
Temperature at Fixed Current Level
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Package Description

1.905 - .381

I I'TS - 015}

1 016 • I//

Mfl
1><A TVP

NOTES: 1, Di<nenft9Rsin.millim<>t«riflnd (inctm)

2. Loj*> and part number ate on luicl* of 7440& >«)
3. SoeTable.1.
4. SBoo'n3aty'i".£SKniagnifiH ihnt tiidMimo

primary (e«is find ir*wwM» clutfuctnr ho<B*iI

lo 3.33 1.131) availableu uncial product-

Figuro 5.

Magnified Character Font Description

DEVICES
5082-7440

5082-7441

5082-7448

5082-7449

Nolo; All dimenuont tn milttnuHws

and (inchfti).

„HEF.U

Part No. Dim. A Dim. B Dim. C

5082-7440 50.800(2.000) 0.7601.030) 5.081.200)

5082-7441 50.80012.000! 0.760(.030) 5.081.200)

5082-7448 60.325IZ375) 5.5121.217) 9.830(.387)

5082-7449 60.325(2.375) 5.512I.217) 9.8301.387)

Tolerances: ±.3811.015)

Figure 6. Table 1.

Device Pin Description

Pin

No.

5082-7440
5082-7448
Function

5082-7441
5082-7449
Function

Pin

No.

50<-2-7440

5082-7448
Function

5082-7441
5082-7449
Function

1

2

3

4

5

6

7

8

9

N/G

Seg. c Anode

Dig. 2 Cathode

d.p. Anode

Dig. 3 Cathode

Seg. a Anode

Dig. 4 Cathode

Seg. e Anode

Dig. 5 Cathode

Dig. 1 Cathode

Seg. c Anode

Dig. 2 Cathode

d.p. Anode

Dig. 3 Cathode

Seg. a Anode

Dig. 4 Cathode

Seg. e Anode

Dig. 5 Cathode

10

11

12

13

14

15

16

17

Seg. d Anode

Dig. 6 Cathode

Seg. g Anode

Dig. 7 Cathode

Seg. b Anode

Dig. 8 Cathode

Seg. 1 Anode

. Dig. 9 Cathode

Seg. d Anode

Dig. 6 Cathode

Seg. g Anode

Dig. 7 Cathode

Seg. b Anode

Dig. 8 Cathode

Seg. f Anode

Dig. 9 Cathode
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Electrical /Optical
The HP 5082-7440 series devices utilize a monolithic

GaAsP chip containing 7 segments and a decimal point for

each display digit. The segments of each digit are inter-

connected, forming an 8 by N line array, where N is the

number of characters in the display. Each chip is positioned

under a separate element of a plastic magnifying lens, pro-

ducing a magnified character height of 0,105" (2,67mm).
Satisfactory viewing will be realized within an angle of ap-

proximately ±20° from the centerline of the digit. The se-

condary lens magnifier that will increase character height

from 2.67mm (0.105") to 3.33mm (0.131") and reduce

viewing angle in the vertical plane only from ±20° to approx-

imately ±18° is available as a special product. A filter, such

as Plexiglass 2423, Panelgraphic60 or 63, and Homalite 100-

1600, will lower ambient reflectance and improve display

contrast. Character encoding of the -7440 series devices is

performed by standard 7 segment decoder driver circuits.

The 5082-7440 series devices are tested for digit to digit

luminous intensity matching using the circuit depicted in

Figure 7. Component values are chosen to give an l F of

5mA per segment at a segment Vp of 1.55 volts. This test

method is preferred in order to provide the best possible

simulation of the end product drive circuit, thereby in-

suring excellent digit to digit matching. If the device is to

be driven from Vcc potentials of less than 3.5 volts, it is

recommended that the factory be contacted.

Mechanical
The 5082-7440 series devices are constructed on a standard

printed circuit board substrate. A separately molded plastic

lens containing 9 individual magnifying elements is attached

to the PC board over the digits. The device may be mounted

either by use of pins which may be soldered into the plate

through holes at the connector edge of the board or by inser-

tion into a standard PC board connector.

The devices may be soldered for up to 3 seconds per tab at

a maximum soldering temperature of 230°C. Heat should

be applied only to the edge connector tab areas of the PC
board. Heating other areas of the board to temperatures in

excess of 85°C can result in permanent damage to the dis-

play. It is recommended that a rosin core wire solder or a

low temperature deactivating flux and solid core wire

solder be used in soldering operations.

Special Cleaning Instructions
For bulk cleaning after a hand solder operation, the follow-

ing process is recommended: Wash display in clean liquid

Freon TP-35 or Freon TE-35 solvent for a time period up
to 2 minutes maximum. Air dry for a sufficient length of

time to allow solvent to evaporate from beneath display

lens. Maintain solvent temperature below 30°C (86°F).

Methanol, isopropanol, or ethanol may be used for hand

cleaning at room temperature. Water may be used for hand
cleaning if it is not permitted to collect under display lens.

Solvent vapor cleaning at elevated temperatures is not rec-

ommended as such processes will damage display lens. Ke-

tones, esters, aromatic and chlorinated hydrocarbon solvents

will also damage display lens. Alcohol base active rosin flux

mixtures should be prevented from coming in contact with

display lens.

These devices are constructed on a silver plated printed cir-

cuit board. To prevent the formation of a tarnish (Ag2S)

which could impair solderability, the boards should be stored

in the unopened shipping packages until they are used. Fur-

ther information on the storage, handling and cleaning of sil-

ver-plated components is contained in Hewlett-Packard Ap-

plication Bulletin No. 3.
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Figure 7. Circuit Diagram used for Testing the Luminous Intensity of the HP 5082-7440
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ra HEWLETT
PACKARD

SPECIAL PARTS FOR
SCIENTIFIC AND

BUSINESS CALCULATORS

5082-7442

5082-7444

5082-7445

5082-7446

5082-7447

TECHNICAL DATA MARCH 1980

Features
• 12, 14, AND 16 DIGIT CONFIGURATIONS
• MOS COMPATIBLE
Can be driven directly from most
MOS circuits.

• LOW POWER
Excellent readability at only 250uA
average per segment.

• UNIFORM ALIGNMENT
Excellent Alignment is assured by
design.

• MATCHED BRIGHTNESS
Uniformity ot light output from digit

to digit on a single PC board.

Description
The HP 5082-7442, 7444. 7446. and 7447 are seven segment GaAsP Numeric indicators mounted in 12, 14, or 16 digit

configurations on a P.C. board. These special parts, designed specifically for scientific and business calculators, have

right hand decimal points and are mounted on 175 mil (4.45mm) centers in the 12 digit configurations and 150 mil

(3.81mm) centers In the 14 and 16 digit configurations. The plastic lens magnifies the digits and includes an integral

protective bezel.

Applications are primarily portable, hand held calculators, digital telephone peripherals, data entry terminals and other

products recuiring low power, low cost, and long lifetime indicators which occupy a minimum of space.

Device Selection Guide

Digits

Per PC
Board

Digit

Height

mm (inches)

Configuration

Package
Part

No.
5082-DEVICE

12 2.54

(.100) B.B.B.B.B.B.B.B.B.B.B.B
Figure 4 7442

and
7445

14 2.54

(100)
be. b. b.aaaaa8aaaa Figure 5 7444

14 2.84

(.112) aaaaaaaaaaaaa

a

Figure 5 7447

16 2.92

(.115) aaaaaa s.aaaaaaaaa Figure 6 7446

'5082-7447 is a 5082-7444 with a slide-in cylindrical lens to provide added magnification.
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Maximum Ratings

Parameter Symbol Min. Max. Units

Peak Forward Current per Segment or dp (Duration <500ns) IreAK 50 mA
Average Current per Segment or dp"' Iavg 3 mA
Power Dissipation per Digit Pd SO mW
Operating Temperature, Ambient T, -20 +85 °C

Storage Temperature Ts -20 +85 »c

Reverse Voltage Vr 5 V

Solder Temperature at connector edge (t $3 sec.)'
2 '

230 °C

NOTES: 1. Derate linearly al 0.1mA/°C above 60°C ambient
2. See Mechanical section tor recommended soldering techniques and (lux removal solvents.

Electrical /Optical Characteristics at TA=25°C

Part No. Parameter Symbol Test Condition Mln. Typ. Max. Units

7442/7445

Luminous Intensity/

Segment or dp
(Digit Average)

lv

5mA Peak
1/12 Duty Cycle

• 7
.

35 /icd

7444/7447 5mA Peak

1/14 Duty Cycle
7 35 MCd

7446 5mA Peak
1/16 Duty Cycle

7442/7445

7444/7447

7446

Peak Wavelength XpfAK 655 nm
Forward Voltage/

Segment or dp
VF If = 5mA 1.55 V

NOTE: 3 Operation al Peak Currents ot less than 3.5mA Is not recommended.
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Figure 1. Peak Forward Current vs.

Peak Forward Voltage
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Figure 2. Relative Luminous Intensity vs.

AmWent Temperature at Fixed

Current Level.

IpEAK - PEAK CURRENT PER SEGMENT - mA

Figure 3. Relative Luminous Efficiency vs.

Peak Current per Segment.

Electrical /Optical

The HP 5082-7442, 7444, 7445. 7446 and 7447 devices

utilize a monolithic GaAsP chip containing 7 segments
and a decimal point for each display digit. The segments
of each digit are interconnected, forming an 8 by N line

array, where N is the number of digits in the display. Each
chip is positioned under a separate element of a plastic

magnifying lens, producing a magnified character.

Satisfactory viewing will be realized within an angle of

approximately ±20° from the centerline of the digit. A
filter, such as plexiglass 2423, Panelgraphic 60 or 63, and

Homalite 1 00-1 600, will lower the ambient reflectance and
improve display contrast. Digit encoding of these devices

is performed by standard 7 segment decoder driver

circuits.

These devices are tested for digit-to-digit luminous

intensity matching. This test is performed with a power
supply of 5V and component values selected to supply
5mA IreAK at VF = 1.55V. If the device is to be driven from
Vcc potentials of less than 3.5 volts, it is recommended that

the factory be contacted.
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Mechanical Specifications
The 5082-7442, 7444, 7445, 7446, and 7447 devices are

constructed on a silver plated printed circuit board
substrate. A molded plastic lens array is attached to the PC
board over the digits to provide magnification.

These devices may be mounted using any one of several

different techniques. The most straightforward is the use
of standard PC board edge connectors. A less expensive

approach can be implemented through the use of stamped
or etched metal mounting clips such as those available

from Burndy (Series LED-B) or JAV Manufacturing
iSeries 022-002'. Some of these devices will also serve as

an Integral display support. A third approach would be
the use of a row of wire stakes which would first be
soldered to the PC mother-board and the display board
then inserted over the wire stakes and soldered in place.

The devices may be soldered for up to 3 seconds per tab at

a maximum soldering temperature of 230° C. Heat should
be applied or ly to the edge connector tab areas of the PC
board. Heating other areas of the board to temperatures in

excess of 85" C can result in permanent damage to the

lens. It is recommended that a rosin core wire solder or a

low temperature deactivating flux and solid core wire

solder be used in soldering operations. A solder

containing approximately 2% silver (Sn 62) will enhance
solderability by preventing leaching of the plated silver off

the PC board into the solder solution.

Device Pin Description

Special Cleaning instructions

For bulk cleaning after a hand solder operation, the

following process is recommended. Wash display in clean

liquid Freon TP-35 or Freon TE-35 solvent for a time

period up to 2 minutes maximum. Air dry for a sufficient

length of time to allow solvent to evaporate from beneath

display lens. Maintain solvent temperature below 30°

C

(86° F). Methanol, isopropanol, or ethanol may be used for

cleaning at room temperature. Soap and water solutions

may be utilized for removing water-soluble fluxes from the

contact area but must not be allowed to collect under the

display lens.

Solvent vapor cleaning at elevated temperatures is not

recommended as such processes will damage display

lens. Ketones, esters, aromatic and chlorinated hydro-

carbon solvents will also damage display lens. Alcohol

base active rosin flux mixtures should be prevented from

coming in contact with display lens.

These devices are constructed on a silver plated printed

circuit board. To prevent the formation of a tarnish (Ag :S)

which could impair solderability, the boards should be

stored in the unopened shipping packages until they are

used. Further information on the storage, handling and
cleaning of silver-plated components is contained in

Hewlett-Packard Application Bulletin No. 3.

5082-7442

5082-7444

Pin 5082-7447 5082-7445 5082-7446

No. Function Function Function

1 Cathode-Digit 1 Anode-Segment a Cathode-Digit 1

2 Cathode-Digit 2 Anode-Segment f Cathode-Digit 2

3 Cathode-Digit 3 Anode-Segment b Cathode-Digit 3

4 Anode-Segment c Anode-Segment c Cathode-Digit 4

5 Cathode-Digit 4 Anode-Segment d Cathode-Digit 5

6 Anode-DP Anode-Segment DP Anode-Segment e

7 Cathode-Digit 5 Anode-Segment e Cathode-Digit 6

8 Anode-Segment a Anode-Segment g Anode-Segment d

9 Cathode-Digit 6 Cathode-Digit 3 Cathode-Digit 7

10 Anode-Segment e Cathode-Digit 2 Anode-Segment a

11 Cathode-Digit 7 Cathode-Digit 4 Cathode-Digit 8

12 Anode-Segment d Cathode-Digit 1 Anode-Segment DP
13 Cathode-Digit 8 Cathode-Digit 5 Cathode-Digit 9

14 Anode-Segment g Cathode-Digit 12 Anode-Segment c

15 Cathode-Digit 9 Cathode-Digit 6 Cathode-Digit 10

16 Anode-Segment b Cathode-Digit 11 Anode-Segment g

17 Cathode-Digit 10 Cathode-Digit 7 Cathode-Digit 11

18 Anode-Segment f Cathode-Digit 10 Anode-Segment b

19 Cathode-Digit 11 Cathode-Digit 9 Cathode-Digit 12

20 Cathode-Digit 12 Cathode-Digit 8 Anode-Segment f

21 Cathode-Digit 13 Cathode-Digit 13

22 Cathode-Digit 14 Cathode-Digit 14

23 Cathode-Digit 15

24 Cathode-Digit 16
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Package Dimensions

DEVICE X V Z

5082-7442
ecu

(237S)

6.03

(-2375)

1.02

UMOI

6082744S
59.6 6.70

I2J45I
|
mm

1 i2

(.066)

-t5 1.175) (I1PLCSEOLSP
NON-ACCUM. TOLERANCES)

1 2 3 4 6 6 7 6 9 10 11 12 13 14 15 16 17 18 19 20

—| I— i» 1.100) DIAMETER
119 PLCS NON-ACCUM. THROUGH

TOLERANCES) 20 PLACES
t,13 1.0061

Figuro 4.

PROTECTIVE
BEZEL

1

1.9 1.075)

-60.3 12.376)

-66.8(2.235)-

. 33 (.150) 113 PLCS EQL SPC.

NON-ACCUM. TOLERANCES)

1.58: .25 _
1.062 1 .010)

4.1 • .13

(.160 I .0051

1

^£8333GHD333S0{| *

-®®®®®®®®®®®®®®®®®®®Q09,

133- .

(.575 l .»

,3 /
-.

005, \

12 3 4 5 6 7 S 8 10 11 12 13 14 15 16 17 II 19 20 21 22 \
- 23 (.100) (21 PLCS NON-ACCUM 19213

TOLERANCES! (.040 I .006)

U— 3.6 (.140)

4.72 - .13 J
(.186 I .005)

5082-

7444 7447
Figur* 5.

69.65 • 0.38
' (2.750 i .015)

.
68.07 : 0.25 _
(2.680 I .010)

- 3.8H.150) 15 SPACES
TOL. NON ACCUMULATIVE

18.29 : 0.38

(.720' .0151
-€S33I£HD32H36H3E>
®®@®®®®®®®®®®®®®®®®®®®®®

11.18

(.440)

2 3 4 5 7 8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24

.2.54 (.100) 23 SPACES
TOL. NON-ACCUMULATIVE

PLATED THRU
24 HOLES

Figure 6.

DEVICE X Y

60827442
254

(.100)

1.41

(0661

1.40

(.055)
5082-7444

2.64

1.100)

50627446
2.54

(,1001

1.42

(.066)

50827446 IN
c 1151

1.40

10551

50627447
284

(.1121

140
(.0561

NOTES: 1. ALL DIMENSIONS IN MILLIMETRESAND
(INCHES).

2. TOLERANCESONALLDIMENSIONSARE
'038 '0151 UNLESS OTHERWISE
SPECIFIED.
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ra HEWLETT
PACKARD

SPECIAL PARTS
FOR CALCULATORS

5082-7240

SERIES

1

TECHNICAL DATA MARCH 1980

Features
• MOS COMPATIBLE
Can be driven directly from MOS circuits.

• LOW POWER
Excellent readability at only 250uA
average per segment.

• UNIFORM ALIGNMENT
Excellent alignment is assured by design.

• MATCHED BRIGHTNESS
Uniformity of light output from digit to

digit on a single PC Board.

• STATE OF THE ART LENS DESIGN
Assures the best possible character
height, viewing angle, off-axis

distortion tradeoff.

Description
The HP 5082-7240 series displays are 2.59mm (.102")

high, seven segment GaAsP Numeric Indicators mounted
in an eight or nine digit configuration on a P. C. Board.
These special parts, designed specifically for calculators,

have right hand decimal points and are mounted on
5.08mm (200 mil) centers. The plastic lens over the digits

has a magnifier and a protective bezel built-in. A

Device Selection Guide

secondary magnifying lens, available on special request,

can be added to the primary lens for additional character

enlargement.

Applications are primarily portable, hand-held calculators

and other products requiring low power, low cost and long

lifetime indicators which occupy a minimum of space.

Digits

Per

PC Board

Configuration

,„„,
Device Package

8

B. B. B. B fi B. B.B.
(Figure 5) 5082-7240

9

B. B. B. B B. fl fl B. B.
(Figure 5) 5082-7241

224



Absolute Maximum Ratings

Parameter Symbol Mirt. Max. Units

Peak Forward Current per Segment or dp (Duration < 500ns) IPEAK 50 mA

Average Current per Segment or dp' 1 ' <AVG 3 mA

Power Dissipation per Digit Pd 50 mW

Operating Temperature, Ambient TA -20 +85 °C

Storage Temperature TS -20 +85 °c

Reverse Voltage Vr 5 V

Solder Temperature at connector edge (t<3 sec.) I 2 ' 230 °c

NOTES: I. Derate linearly @ 0.1mA/°C above 60
s C ambient. 2. See Mechanical section (or recommended soldering techniques

and (lux removal solvents.

Electrical /Optical Characteristics at TA=25°C

Parameter Symbol Test Condition Min. Typ. Max. Units

Luminous Intensity/Segment or dp' 3-4 '

"v lAVG " 500uA

(Ipk = 5mA
duty cycle = 10%)

125 50 ucd

Peak Wavelength *peak 655 nm

Forward Voltage/Segment or dp vF lF 5mA 1.6 V
NOTES: 3. See Figure 7 for test circuit.

4. Operation at Peak Currents of leu than 3.0mA is not recommended.
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Figure 1. Peak Forward Current vs.

Peak Forward Voltage
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Package Description

7M p Ml
IOM. 0161

L_
1.016 • .381

(.040- 0151
!

1.W1: Ml
I.2S0 i .OKI ^fl

1*700
(BOO:

'8588 i .381

(.720 0151

-.381 /

i

-&.080 - -2S4 J

(200 • .010)

1576; 354 I

(002 ',0101

' 5.537 • .306
(.218 012>

NOTES. 1. Oin«n«<miMMtitl(>mtt|'i*iJ (inclt»»(.

2. Loto and patT numb* ••• op bach of 7240* 7241
3. SKOncWy 1.X7X inagoida* lti*i lt-l*i MIo 0>lii(*ry

Urn »od mcrtAiM thMKtw hwghi i -

.

i iptcial product.

Figure 5.

Magnified Character Font Description

DEVICES
5082-7240

a»»-K

In
5082-7241

I
I '

l\ *c
1

d
M

Nota: AH dinwutom in

and Itnctan).

itUHm«tai

Figure 6.

Device Pin Description

Pin 5082-7240 5082-7241 Pin 5082-7240 5082-7241

No. Function Function No. Function Function

1 NOTE 4 Dig. 1 Cathode 10 Seg. d Anode Seg. d Anode

2 Seg. c Anode Seg. c Anode 11 Dig. 6 Cathode Dig. 6 Cathode

3 Dig. 2 Cathode Dig. 2 Cathode 12 Seg. g Anode Seg. g Anode

4 d.p. Anode d.p. Anode 13 Dig. 7 Cathode Dig. 7 Cathode

5 Dig. 3 Cathode Dig. 3 Cathode 14 Seg. b Anode Seg. b Anode

6 Seg. a Anode Seg. a Anode 15 Dig, 8 Cathode Dig. 8 Cathode

7 Dig. 4 Cathode Dig. 4 Cathode 16 Seg. f Anode Seg. f Anode

8 Seg. e Anode Seg. e Anode 17 Dig. 9 Cathode Dig. 9 Cathode

9 Dig. 5 Cathode Dig. 5 Cathode

NOTE 4: Leave pin 1 unconnected on ihe 5082-7240.
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Electrical /Optical
The HP 5082-7240 series devices utilize a monolithic

GaAsP chip containing 7 segments and a decimal point for

each display digit. The segments of each digit are inter-

connected, forming an 8 by N line array, where N is the

number of characters in the display. Each chip is positioned

under a separate element of a plastic magnifying lens, pro-

ducing a magnified character height of 2.59mm (0.102").

Satisfactory viewing will be realized within an angle of ap-

proximately ±20° from the centerline of the digit. A second-

ary lens magnifier that will increase character height from
2.59mm (.102") to 3.56mm (.140") is available as a special

product. Character encoding of the 7240 series devices is per-

formed by standard 7 segment decoder driver circuits.

The 5082-7240 series devices are tested for digit to digit

luminous intensity matching using the circuit depicted in

Figure 7. Component values are chosen to give an I p of

5mA per segment at a segment Vp of 1.6 volts. This test

method is preferred in order to provide the best possible

simulation of the end product drive circuit, thereby in-

suring excellent digit to digit matching. If the device is to

be driven from V^c potentials of less than 3.5 volts, it is

recommended that the factory be contacted.

Mechanical
The 5082-7240 series devices are constructed on a standard

printed circuit board substrate. A separately molded plastic

lens bar containing 9 individual magnifying elements is at-

tached to the PC board over the digits. The device may be

mounted either by use of pins which may be soldered into

the plate through holes at the connector edge of the board

or by insertion into a standard PC board connector.

The devices may be soldered for up to 3 seconds per tab at

a maximum soldering temperature of 230°C. Heat should

be applied only to the edge connector tab areas of the PC

board. Heating other areas of the board to temperatures in

excess of 85°C can result in permanent damage to the dis-

play. It is recommended that a rosin core wire solder or a

low temperature deactivating flux and solid core wire

solder be used in soldering operations.

Special Cleaning Instructions

For bulk cleaning after a hand solder operation, the follow-

ing process is recommended: Wash display in clean liquid

Freon TP-35 or Freon TE-35 solvent for a time period up

to 2 minutes maximum. Air dry for a sufficient length of

time to allow solvent to evaporate from beneath display

lens. Maintain solvent temperature below 30 C (86 F).

Methanol, isopropanol, or ethanol may be used for hand

cleaning at room temperature. Water may be used for hand

cleaning if it is not permitted to collect under display lens.

Solvent vapor cleaning at elevated temperatures is not rec-

ommended as such processes will damage display lens. Ke-

tones, esters, aromatic and chlorinated hydrocarbon solvents

will also damage display lens. Alcohol base active rosin flux

mixtures should be prevented from coming in contact with

display lens.

SEGMENT
SWITCH

tTVP 1 OF Tl

H^ - 6001f <

I t-

-? c
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T? C^

-e ?-

iizf
i

i

ilz?

Figure 7. Circuit Diagram used for Testing the Luminous Intensity of the HP 5082-7240
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m HEWLETT
PACKARD

LARGE MONOLITHIC
NUMERIC INDICATORS

5082-7265

5082-7275

5082-7285

5082-7295

TECHNICAL DATA MARCH 1980

Features
• LARGE 4.45mm (.175") CHARACTER HEIGHT
• LOW POWER

Satisfactory Readability can be Achieved with

Drive Currents as Low as 1.0-1.5mA Average
per Segment Depending on Peak Current
Levels

• MOS COMPATIBLE
Can be Driven Directly from MOS Circuits

• COMPACT INFORMATION DISPLAY
5.84mm (.23") Digit Spacing Yields Over 4

Characters per Inch.

• HIGH AMBIENT READABILITY
High Sterance Emitting Areas Mean

Excellent Readability in High Ambient
Light Conditions

• HIGH LEGIBILITY AND
NUMBER RECOGNITION
High On/Off Contrast and Fine Line Segments
Improve Viewer Recognition of the

Displayed Number

• UNIFORM ALIGNMENT
Excellent Alignment is Assured by Design

• MATCHED BRIGHTNESS
Provides Uniform Light Output from Digit

to Digit on a Single PC Board

• EASY MOUNTING
Flexible Mounting in Desired Position

with Edge Connectors or Soldered Wires

Description

The HP 5082-7265, 7275. 7285, and 7295 displays are 4.45

mm (.175") seven segment GaAsP numeric indicators

mounted in 5 or 15 digit configurations on a PC Board.

The monolithic light emitting diode character is magnified

by the integral lens which increases both character size

and luminous intensity, thereby making low power
consumption possible. Options include both a right hand
decimal point and centered decimal version for improved
legibility. The digits are mounted on 5.84 mm (230 mil)

centers.

These displays are attractive for applications such as

digital instruments, desk top calculators, avionics and
automobile displays. P.O.S. terminals, in-plant control

equipment, and other products requiring low power,

display compactness, readability in high ambients. or

highly legible, long lifetime numerical displays.

Device Selection Guide
Digits

Per PC
Board

Configuration Part

No.
5082-Device Package Character

5 (Figure 5)

Center Decimal
Point

(Figure 7)

7265IB
O
LI 8 8 8

15 (Figure 6)

Center Decimal
Point

(Figure 7)

7275CI
l_l 8 s p

i_i B LI Ll 8 n
i_i B 8 8 888

5 (Figure 5)

Right Decimal
Point

(Figure 7)

7285H CI
LI
o
Li a B

15 (Figure 6)

Right Decimal
Point

(Figure 7)

7295n
i_i
n n n

!_l
ID
l_i B O

LI a 8 pLI a n
LI qI- 1
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Absolute Maximum Ratings

Parameter Symbol Mln. Max. Unlls

Peak Forward Current per Segment or DP
(Duration <35«s)

(PEAR 200 mA

Average Current per Segment or DP 1 " Iavo 7 mA

Power Dissipation per Digit 13 ' Pd 125 mW
Operating Temperature, Ambient Ta -20 +70 "C

Storage Temperature Ts -20 +80 °C

Reverse Voltage Vr 5 V

Solder Temperature at connector edge
(tsj3sec.)"'

230 °o

NOTES: I. Derate linearly at 0.12 mA/°C above 25°C ambient.

2. Derate linearly at 2 3 mWVC above 25" C ambient.

3. See Mechanical section for recommended soldering techniques and flux removal solvents.

Electrical /Optical Characteristics at TA=25°C

Parameter Symbol Test Condition Mln. Typ. Max. Unlta

Luminous Intensity/Segment or dp

(Time Averaged) 15 digit display

5082-7275. 5082-7295 '*' 6 >

lv l..
8 . 2 mA

(30 mA Peak

1/15 duty cycle)

30 90 jicd

Luminous Intensity/Segment or dp
(Time Averaged) 5 digit display

5082-7265, 5082-7285 l4,6>

'' ln» " 2 mA
(10 mA Peak

1/5 duly cycle)

30 70 tied

Forward Voltage per Segment or dp
5082-7275, 5082-7295 15 digit display

Vf If= 30 mA 1.60 2.3 V

Forward Voltage per Segment or dp
5082-7265, 5082-7285 5 digit display

Vf If = 10 mA 1.55 2.0 V

Peak Wavelength APEAK 655 nm

Dominant Wavelength"' Ad 640 nm

Reverse Current per Segment or dp In V R = 5V 100 *A

Temperature Coefficient of Forward

Voltage

AVF/°C -2.0 mV/°C

NOTES: 4. The luminous intensity at a specific ambient temperature, Iv(Ta)i may be calculated from this relationship.

Iv(Ta) = Iv
(25'c)(.985)

|Ia -"' c1

5. The dominant wavelength ha, is derived from the CLE. Chromaticity Diagram and represents the singlewavelength which

defines the color of the device.

6. Operation at peak currents of less than 6.0 mA is not recommended.
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Figure 1. Peak Forward Current vs.

Peak Forward Voltage.

Figure 2. Typical Time Averaged Luminous Intensity

per Segment vs. Average Current par Segment.
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Figure 4. Relative Luminous Efficiency vs. Peak

Current per Segment.

Electrical Mechanical
The HP 5082-7265, 7275, 7285, and 7295 devices utilize a
seven segment monolithic GaAsP chip. The 5082-7285

and 7295 devices use a separate decimal point chip

located to the right of each digit. The 5082-7265 and 7275
devices use a centered decimal point on the monolithic

seven segment chip. The centered decimal point version

improves the displays readability by dedicating an entire

digit position to distinguishing the decimal point. In the

driving scheme for the centered decimal point version the

decimal point is treated as a separate character with its

own time frame.

The segments and decimal points of each digit are

interconnected, forming an 8 by N line array, where N is

the number of characters in the display. Character

encoding is performed by standard 7 segment decoder
driver circuits. A detailed discussion of display circuits

and drive techniques appears in Applications Note 937.

These devices are tested for digit to digit luminous

intensity using the circuit depicted in Figure 8.

Component values are chosen to give a Peak l F of 10 mA
per segment for the 5 digit displays and 30 mA per

segment for the 15 digit displays. This test method is

preferred in crder to provide the best possible simulation

of the end product drive circuit, thereby ensuring

excellent digit to digit matching. If the device is to be
driven at peak currents of less than 60 mA, it is

recommended that the HP field salesman or factory be
contacted.

For special product applications, the number of digits per

display can be altered. It is also possible to provide a colon

instead of the centered decimal point. Contact the HP field

salesman or factory to discuss such special modifications.

Optical
Each chip is oositioned under a separate element of a

plastic magnifying lens, producing a magnified character

height of 4.45mm (.175"). To Increase vertical viewing

angle the secondary cylindrical magnifier can be removed
reducing character height to 3.86mm (.152"). A filter, such

as Panelgraphic60or 63, orHomalite 100-1600, will lower

ambient reflectance and improve display contrast.

These devices are constructed on a standard printed

circuit board substrate. A separately molded plastic lens is

attached to the PC board over the digits. The lens is an

acrylic styrene material that gives good optical lens

performance, but Is subject to scratching so care should

be exercised in handling.

The device may be mounted either by use of pins which

may be hand soldered into the plated through holes at the

connector edge of the PC board or by insertion into a
standard PC board connector. The devices may be

hand soldered for up to 3 seconds per tab at a maximum
soldering temperature of 230° C. Heat should be applied

only to the edge connector tab areas of the PC board.

Heating other areas of the board to temperatures in excess
of 85° C can result in permanent damage to the display. It

is recommended that a rosin core wire solder or a low

temperature deactivating flux and solid wire solder be

used in soldering operations.

The PC board is silver plated. To prevent the formation of a
tarnish (Ag2S) which could impair solderabllity the

displays should be stored in the unopened shipping

packages until they are used. Further information on the

storage, handling, and cleaning of silver plated compo-
nents is contained in Hewlett-Packard Application Bul-

letin No. 3.

R
s
2 2801!

IS DIGIT DISPIAYI

Rj * 9011

(15 DIGIT DISPLAY)

<I I DIGIT 1

OIGIT
SWITCH

(1 PER DIGIT)

Figure 5. Circuit Diagram used for Testing the Luminous Intensity.
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Package Dimensions ALL OIMEN5IONS IN MILLIMETERS AND (INCHES!. TOLERANCES ARE tOJM 1^.008! UNLESS OTHERWISE NOTED

. 5 842
,

{.230|

91948 r 0.381
(3.620

91.186 l C.381

(3.590 i .015!

46.593 .381

11.795 ,0151

0381 MAX.
(.015) RIVET HEIGHT

2.667

(.105)

©

©"
~T~

20.828 : 0.381

(.820 .0151

14.783

(.562)

15.240: 0,381

1.016 ,

(.040)
'

12 3 4 5

Fiaure6. 5082-7275,5082-7295.

10 11 12 13 14 16 16 17 IB 19 20 21 22 23_

74.168: 0.2S4_
12.920 - .0101

16.383

S.645I
1.905[_4

8.509

I.335I

, 4.826
1.075) 1.1901

4 084
1.180!

7.061 I 0.381
1.278 : .0165

1.575

1.062!

7.62 _,

13001

10 11 12 13 14 15 \
1.016 DIM TYP.
(.040 DIM!

-2 54 1.1001

114 PLCS. NON-ACCUM. TOLERANCESI

Figure 7. 5082-7265. 5082-7285.

7.061 • .381 .

1.278; .0161

. 1.575
1.0621

.4.064
I.1M)

Magnified Character

Font Description

Device Pin Description

DEVICES
5082-7265

5082-7275

DEVICES
5082-7285

5082-7295

d d

ALL DIMENSIONS IN MILLIMETERSAND (INCHES!.

NOTE 1. Bonding Option for Colon Instead of Decimal Point

See Electrical Section.

Figure 8.

5032-7265 5082-7275
Pin 5082-7285 5082-7295

Mo. Function Function

1 Anode Segment b Cathode Digit 1

2 Anode Segment g Cathode Digit 2

3 Anode Segment e Cathode Digit 3
4 Cathode Digit 1 Cathode Digit 4

5 Cathode Digit 2 Anode Segment dp
6 Cathode Digit 3 Cathode Digit 5
7 Cathode Digit 4 Anode Segment c

8 Catf-ode Digit 5 Cathode Digit 6
9 Catnode Digit 6 Anode Segment e
10 Cathode Digit 7 Cathode Digit 7

11 Anode Segment dp Anode Segment a

12 Anode Segment d Cathode Digit 3
13 Anode Segment c Anode Segment g
14 Anode Segment a Cathode Digit 9

15 Anode Segment f Anode Segment d

16 Cathode Digit !0

17 Anode Segment f

18 Calhode Digit 11

19 Anode Segment b

20 Cathode Digit 12

21 Cathode Digit 13
22 Cathode Digit 14

S3 Cathode Digit 15
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w HEWLETT
PACKARD

numeric and
HEXADECIMAL

INDICATORS

5082-7300

5082-7302

5082-7304

5082-7340

TECHNICAL DATA MARCH 1980

Features

• NUMERIC 5082-7300/-7302 • HEXADECIMAL 5082-7340
0-9, Test Slate, Minus
Sign, Blank States
Decimal Point
7300 Right Hand D.P.
7302 Lett Hand D.P.

0-9, A-F, Base 16
Operation
Blanking Control,
Conserves Power
No Decimal Point

DTL/TTL COMPATIBLE
INCLUDES DECODER/DRIVER WITH 5 BIT MEMORY
8421 Positive Logic Input

4x7 DOT MATRIX ARRAY
Shaped Character, Excellent Readibility

STANDARD .600 INCH X .400 INCH DUAL-IN-LINE
PACKAGE INCLUDING CONTRAST FILTER
CATEGORIZED FOR LUMINOUS INTENSITY

Assures Uniformity of Light Output from
Unit to Unit within a Single Category

Description
The HP 5082-7300 series solid state numeric and hexa-
decimal indicators with on-board decoder/driver and mem-
ory provide a reliable, low-cost method for displaying

digital information.

The 5082-7300 numeric indicator decodes positive 8421
BCD logic inputs into characters 0-9, a "-" sign, a test

pattern, and four blanks in the invalid BCD states. The
unit employs a right-hand decimal point. Typical applica-

tions include ooint-of-sale terminals, instrumentation, and
computer systems.

Package Dimensions

The 5082-7302 is the same as the 5082-7300, except that

the decimal point is located on the left-hand side of the

digit.

The 5082-7340 hexadecimal indicator decodes positive 8421
logic inputs into 16 states, 0-9 and A-F. In place of the

decimal point an input is provided for blanking the display

(all LED's off), without losing the contents of the memory.
Applications include terminals and computer systems using

the base- 16 character set.

The 5082-7304 is a (± 1.) overrange character, including dec-

imal point, used in instrumentation applications.

7340

PIN

FUNCTION
5082-7300
and 7302
Nunwic

5082-7340
Hexadecimal

1 InpuT 2 Input 2

2 Input 1 Input 4

3 Input 8 Input f!

4 Oacimel
point

Blanking
control

5 Latch
BnabU

Latch
triable

G Ground Ground

7 vec vcc
a input 1 Input 1

NOTES:
1. Dimensions in millimetres and (inchest.

2. Unless otherwise specified, the tolerance

on all dimensions Is *.38mm (i.01 5")

3. Digit center line Is i.2Smm (±.01")

from package center line.
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Absolute Maximum Ratings

Description Symbol Mln. Max. Unit

Storage temperature, ambient Ts -40 +100 •c

Operating temperature, case"'1 ' Tc -20 +85 °C

Supply voltage'" Vcc -0.5 +7.0 V

Voltage applied to input logic, dp and enable pins Vi.Vdp.Ve -0.5 +7.0 V

Voltage applied to blanking input'*
1 V„ -0.5 Vcc V

Maximum solder temperature at 1.59mm (.062 inch)

below seating plane; t ^ 5 seconds
230 •c

Recommended operating conditions

Description Symbol Mln. Nom. Max. Unit

Supply Voltage Vcc 4.5 5.0 5.5 V

Operating temperature, case Tc -20 +85 •c

Enable Pulse Width t* 120 nsec

Time data must be held before positive transition

of enable line
tsETVP 50 nsec

Time data must be held after positive transition

of enable line
tiiOI D 50 nsec

Enable pulse rise time tlXH 200 nsec

Electrical/Optical Characteristics <tc = -2o°c to wc, unless otherwise specified).

Description Symbol Test Conditions Min. Typ.wy Max. Unit

Supply Current Ice Vcc=5.5V (Numeral

5 and dp lighted)

112 170 mA
Power dissipation p. 560 935 mW
Luminous intensity per LED
(Digit average) ls,° l

1, VCC=5.0V, TC=25°C 32 70 /jed

Logic low-level input voltage V„.

Vcc=4.5V

0.8 V

Logic high-level input voltage V,„ 2.0 V

Enable low-voltage; data being

entered
VEI.

0.8 V

Enable high-voltage; data not

being entered
Veh 2.0 V

Blanking low-voltage; display

not blanked ,,! Vm 0.8 V

Blanking high-voltage; display

blanked '" Vbh 3.5 V

Blanking low-level input current'" Ibl Vcc=5.5V. V BL=0.8V 20 MA

Blanking high-level input current '"
Ibk Vcc=5-5V, V»H=4.5V 2.0 mA

Logic low-level Input current lit Vcc=5.5V, V,L=0.4V -1.6 n'.A

Logic high-level input current l,H Vcc=5.5V. Vi H=2.4V +250 MA

Enable low-level input current Ieu Vcc=5.5V, Vel=0.4V -1.6 mA
Enable high-level input current Ieh Vcc=5.5V, Veh=2.4V +250 >iA

Peak wavelength A-pr.Ak TC=25°C 655 nm
Dominant Wavelength '"

K, Tc=25°C 640 nm

Weight 0.8 gm

Notes: 1. Nominal thermal resistance ot a display mounted in a socket which is soldered into a printed circuit Board; 6n=50°C/W;

ejc=1 5°C/W; 2. 6ca ot a mounted displayshould not exceed 35°C/W tor operation up to Tc = +85" C. 3. Voltage values are with respect to

device ground, pin 6. 4. All typical values at Vcc=5.0 Volts.Tc=25°C. 5. Thesedisplays are categorized tor luminous intensity with the in-

tensity category designated by a letter located on the back ot the display contiguous with the Hewlett-Packard logo marking. 6. The

luminous intensity at a specific case temperature, Iv(Tc) may be calculated from this relationship: K(Tc)=lv (25°C) el-°"88rc ffe-aUCi]

7. Applies only to 7340. 8 The dominant wavelength. a„, is derived Irom the CIE chromaticity diagram and represents the single wave-

length which defines the color of the device.

233



Figure 1. Timing Diagram of 5082-7300

Sarin Logic.

»cc
ENABLE

look: »—-H
iwput

LID
MATRIX
Mtvea

Figure 2. Block Diagram of 5082 7300

Ser las Logic.
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1 «
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!

X

I

Vcc MV
T- • M'C /

/
/
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r

^^
/

4 1

V, - 6LAHKIWG VOLTAGE - V

Figutfl 3. Typical Blanking Control

Current vs. Voltage for

5082-7340.
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= 0V
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;
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20 1o o e a I ) w
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Figure 4. Typical Blinking Control

Input Current vs.

Temperature 5082-7340.
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^-B.OV,
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>
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\
i JO 3.0 4.0 00

Vc - LATCH ENABLE VOLTAOI - V

Figure 5. Typical Latch Enable Input

Current vs. Voltage for the

5082-7300 Series Devices.

THUl H TABLE

nCDDATA'"
0062-7300/7302 S0K7340"

|

x« *1 ",

L L L L

L L L H
1

I L H L
-1

c
L L M H :'

L " L L Lj H
L H I H c C

% L H H b
r—-—~——

i

- i" ;

t H H H 1
....

H L L L ;.-:
r\

H L L H 3 y
H L H I R , w
H L h Ml IBLANKI p.

H H L I {BLANPtl
I

H H L H ...

-;,U
H H K L IBLANKI

H H H M IBLANKI

DECIMAL PT.I'I
ON »w-'
Off &W>H

ENABLE'"
LOAD DATA v« ""*

LATCH DATA VE -M

BLV.hKlhT.I3'
DISPLAY-ON V8 -L
DISPLAYOFF V, -H

-IJ

Te - 25'C

vM -sov
1

';

X
£ -13

K
S -10

1
"•

1 -4

4 V, -5Vl

VI \'k
I 0.5 10 2.0 3.0 4.0 GO

VH - LOGIC VOLTAGE - V

Figure 6. Typical Logic and Decimal

Point Input Current vs.

Voltage for the 5082-7300

Series Devices, Decimal

Point Applies to 5082-7300

and -7302 Only.

Notes:

1. H - Logic High; L = Logic Low. With the enable input st logic high

changes in BCD input logic levels or D.P. input have no effect upon
display memory, displayed character, or D.P.

2. The decimal point input, DP, pertains only to the 5082-7300 and
5082-7302 displays.

3. The blanking control input, B, pertains only to the 5082-7340

hexadecimal display. Blanking input has no effect upon display

memory.
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Solid State Over Range Character
For display applications requiring a ±, 1, or decimal point designation, the 5082-7304 over range character is available. This

display module comes in the same package as the 5082-7300 series numeric indicator and is completely compatible with it

Package Dimensions

FRONT VIEW REAR VIEW SIDE VIEW END VIEW

* '
0J MAX.—

•

» k
1 a um

i1M <-<« V t

1 1 t
r

III7B) *

-

'••

GSO*
LUMINOUS
INTENSITY
CATEGORY 153

MOO,

I 4 3 2 1

NOTES: 1. Dimension* In inches and (millimeter*).

2. Unless otherwise specified, the tolerance

on all dimensions is +.015 Inches. (± ,38mm)

,0- 1 ""I- a
E I

'
1 I 3«

0.3 =0.08 TYP.
(.0121,003) 1.3 TYP.

1.0601

1
M -IPBr 0.08 TYP,

(.020 1.O03)

2.5 10.13 TVr.
r.ioi.oos)

PIN FUNCTION
1 Plus

2 Numeral On*
3 Numeral On*

4 DP

S Open
6 Open
7 v cc
8 Minus/Plus

5082-7304

TRUTH TABLE FOR 5082-7304

CHARACTER PIN

1 2,3 4 8

* H X X H
- L X X H
1 X H X X

Decimal Point X X H X
Blank L L L L

NOTES: L: Line switching transistor in Fig, 7 cutoff.

H: Line switching transistor in Fig. 7 saturated.

X: 'don't care'

Absolute Maximum Ratings

DESCRIPTION SYMBOL MIN MAX UNIT

Storage temperature, ambient T«
-40 100 °C

Operating temperature, case TC -20 -,85 °c
Forward current, each LED If 10 mA
Reverse voltage, each LED v R 4 V

RECOMMENDED OPERATING CONDITIONS

SYMBOL MIN NOM MAX 1 UNIT

LED supply voltage VCc 4.B 5.0 5.5 V
Forward current, each LEO

'f
5.0 10 mA

NOTE:
LEO current must be externally limited. Refer to figure 7

for recommended resistor values.

TYPICAL DRIVING CIRCUIT FOR 5082-7304.

rh rh rh rh

Figure 7.

Electrical /Optical Characteristics rrc
- -2o°c to +85°c, unless otherwise specified)

DESCRIPTION SYMBOL TEST CONDITIONS MIN TYP MAX UNIT

Forward Voltage per LED VF lF -10 mA 1.6 2.0 V

Power dissipation PT l

F
- 10 mA

all diodn lit 250 320 mW
Luminous Intensity por LED (digit overage) If lp " 6 mA

Tc - 25°C

32 70

MCd

Peak wavelength ^p?Z' Tc - 25°C 655 nm

Spectral halfwidth AXt/2 TC-2S°C 30 nm

Weight 0,8 am
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a HEWLETT
PACKARD

NUMERIC AND
HEXADECIMAL DISPLAYS

FOR INDUSTRIAL
APPLICATIONS

5082-7356

5082-7357

5082-7358

5082-7359

TECHNICAL DATA MARCH 1980

Features
CERAMIC/GLASS PACKAGE
ADDED RELIABILITY
NUMERIC 5082-7356/-7357

0-9, Test State, Minus Sign, Blank States
Decimal Point
7356 Right Hand D.P.
7357 Lett Hand D.P.

HEXADECIMAL 5082-7359

0-9, A-F, Base 16 Operation
Blanking Control, Conserves Power
No Decimal Point

TTL COMPATIBLE
INCLUDES DECODER/DRIVER WITH 5 BIT
MEMORY

8421 Positive Logic Input and Decimal Point

4x7 DOT MATRIX ARRAY
Shaped Character, Excellent Readability

STANDARD DUAL-IN-LINE PACKAGE
15.2mm x 10.2mm (.6 inch x .4 inch)

CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output from Unit to
Unit within a Single Category

Description
The HP 5082-7350 series solid state numeric and
hexadecimal ndicators with on-board decoder/driverand
memory provide 7.4mm (0.29 inch) displays for use in

adverse industrial environments.

The 5082-7356 numeric indicator decodes positive 8421

BCD logic Inputs into characters 0-9, a " -" sign, a test

Package Dimensions

t.«0>

I" 1,"
7 4 !-.

r. :

+1-

mfcj

s $ 7 I REAR VIEW

IlTlTlTOi

736X

XYY

4 3 2 1

LUVINOUS
INTENSITY
CATEGORY

DATE CODE

^ PIN t KEY

pattern, and four blanks in the invalid BCD states. The unit

employs a right-hand decimal point. Typical applications

include control systems, instrumentation, communica-
tion systems and transportation equipment.

The 5082-7357 is the same as the 5082-7356 except that

the decimal point is located on the left-hand side of the

digit.

The 5082-7359 hexadecimal indicator decodes positive

8421 logic inputs into 16 states, 0-9 and A-F. In place of the

decimal point an input is provided for blanking the display

(all LED's off), without losing the contents of the memory.
Applications include terminals and computer systems
using the base-16 character set.

The 5082-7358 is a "±1." overrange display, including a

right hand decimal point.

I.4MI
'JO!'

fT-TTir-lJTI.. PIN

FUNCTION
60827366 ! 6082-7359
AND 7367 ! HEXA-
NUMERIC ' DECIMAL

1 Input 2 Input 2

2 Input 4 Input 4

3 Input B Input 8

« Decln.nl

point

Blank, no

control

5 Lnch
enibti

- Latch
enable

Ground Ground

l "« j
vcc

," : 8
'

Input 1 '"! -.': input 1

5fATING |....,
t.061

PLANE 1
- 1 1

>•
a 1 (.us

IW
w I

1 t

!

^ 2.5;.13
(-10 «.'

J
i 05 *0« TYP.

MOTES:
1

.

Dirrmnfconi in mllllmeaM and (Inchti).

2. Unlew OT.he-.vtie tpfcillM, th« luior one*

on ill dtrmnn'oni li *.38mm (t.016")

3. Digit center Unci! i.36mm (t.01")

front packagt cent* linn.

[MP| 003)

3TVP.
.005.
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Absolute Maximum Ratings

Description Symbol Mln. Max. Unit

Storage temperature, ambient T5 -65 +125 °C

Operating temperature, ambient ",a T» -55 +100 °c

Supply voltage'" Vcc -0.5 +7.0 v

Voltage applied to input logic, dp and enable pins Vr.Vop.Vt -0.5 +7.0 V

Voltage applied to blanking input
1

' VB -0.5 Vcc V

Maximum solder temperature at 1.59mm (.062 inch)

below seating plane; t < 5 seconds
260 "C

Recommended Operating conditions

Description Symbol Mln. Norn. Max. Unit

Supply Voltage Vcc 4.5 5.0 5.5 V

Operating temperature, ambient T, +70 "C

Enable Pulse Width tw 100 nsec

Time data must be held before positive transition

of enable line
tsEHJP 50 nsec

Time data must be held after positive transilion

of enable line
tllOLD 50 nsec

Enable pulse rise time tTLH
_____ ,

200 nsec

Electrical /Optical Characteristics <ta = o°c to +7o°c, unless otherwise spoonied).

Description Symbol Teat Conditions Min. Typ.'" Max. Unit

Supply Current Ice VCc=5.5V (Numeral

5 and dp lighted)

112 170 mA
Power dissipation Pi 560 935 mW
Luminous intensity per LED
(Digit average)' 5 '" I. VCC=5.0V. Ta=25,'C 40 85 »iCd

Logic low-level input voltage V„

Vcc=4.5V

0.8 V

Logic high-level input voltage V,„ 2.0 V

Enable low-voltage: data being
entered

Vu 0.8 V

Enable high-voltage; data not

being entered
v,„ 2.0 V

Blanking low-voltage: display
not blanked"'

VBl 0.8 V

Blanking high-voltage; display

blanked m v»„ 3.5 V

Blanking low-level input current'" ISL Vcc=5.5V, VBi =0.8V 50 «A

Blanking high-level input current "'
Ism VCC=5.5V, Vbh=45V 1.0 mA

Logic low-level Input current lit Vcc=5.5V, Vu=0.4V -1.6 mA
Logic high-level input current llH Vcc=5.5V, Vm=2.4V +100 MA

Enable low-level input current lei VcC=5.5V, VEL=0.4V -1.6 mA
Enable high-level input current lea Vcc=5.5V, VFH=2.4V +130 mA

Peak wavelength Al-r •, .. T.,=2S°C 655 nm
Dominant Wavelength m X, TA=25°C 640 nm

Weight 1.0 gm

Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: (->ja-50
c C/W;

9jc=15°CAV; 2. 8ca of a mounted display should not exceed 35°CAV foroperation up to TA=-100°C. 3. Voltage values are with respect to

device ground, pin 6. 4. All typical values at Vcc=5.0 Volts, TA=25°C. 5. These displays are categorized for luminous intensity with the in-

tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The
luminous intensity at a specific ambient temperature, lv(TA), may be calculated from this relationship: Iv(Ta)=Ivi!s°c> (985) fs-Sfd
7. Applies only to 7359. 8. The dominant wavelength, \a , is derived from the CIE chromaticity diagram and represents the single wave-

length which defines the color of the device.
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Figure 1. Timing Diagram ol 5082-7350

Series Logic.
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Figure 2. Block Diagram of 5082-7350

Series Logic.

TBUTH TABLE

scooata" 1

5082 TXtmS) 60827JM
». x. *J *.

L L I Q
L L H

1 I

L M L
!.". c

L H H : -;

H L L n H
H L H s 5
H h L £, b
H H

'"!

1

H L 1 L o 8
- L L H '! 9
H L H L

1 H
M - H H (BLANK) !'i

H M L I iliLANK)
|

H H I H \~ " n
H H H - (BLANK!

M H H H IBLANKI

DECIMAL PI l»l
ON VDP-L
OFF

«i» ' H

ENABLE'"
LOAD DATA VE -L
LATCH DATA V£ -H

BLAMiaNAffl
DISPLAY-ON "s "I

OISPLAY-QFF VB -H

Notes:

1. H = Logic High; L = Logic Low. With ihe enable input at logic high

changes in BCD input logic levels or DP. Input have no effect upon
display memory, displayed character, or DP.

2. The decimal point input. DP, pertains only to the 5082-7356 and

5082-7357 displays.

3. The blanking control input. 8. pertains only to the 5082-7359

hexadecimal display. Blanking input has no effect upon display

memory.
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Figure 3. Typical Blanking Control

Current vs. Voltage for 5082-

7359.

Figure 4. Typical Blanking Control

Input Current vs. Ambient

Temperature for 5082-7359.

Figure 5. Typical Latch Enable Input

Current vs. Voltage.
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Figure 6. Typical Logic and Decimal
Point Input Current vs.

Voltage.

Figure 7. Typical Logic and Enable
Low Input Current vs.

Ambient Temperature.

Figure 8. Typical Logic and Enable
High Input Current vs.

Ambient Temperature.

Operational Considerations

ELECTRICAL

The 5082-7350 series devices use a modified 4 x 7 dot

matrix of light emitting diodes (LED's) to display

decimal/hexadecimal numeric information. The LED's are

driven by constant current drivers. BCD information is

accepted by the display memory when the enable line is at

logic low and the data is latched when the enable is at

logic high. To avoid the latching of erroneous information,

the enable pulse rise time should not exceed 200

nanoseconds. Using the enable pulse width and data

setup and hold times listed in the Recommended
Operating Conditions allows data to be clocked into an

array of displays at a 6.7MHz rate.

The blanking control input on the 5082-7395 display

blanks (turns off) the displayed hexadecimal information

without disturbing the contents of display memory. The

display is blanked at a minimum threshold level of 3.5

volts. This may be easily achieved by using an open

collector TTL gate and a pull-up resistor. For example.

(1/6) 7416 hexinverter buffer/driver and a 120 ohm pull-up

resistor will provide sufficient drive to blank eight

displays. The size of the blanking pull-up resistor may be

calculated from the following formula, where N is the

number of digits:

FW = (Vcc - 3.5V)/[N (1.0mA)]

The decimal point input is active low true and this data is

latched into the display memory in the same fashion as is

the BCD data. The decimal point LED is driven by the on-

board IC.

MECHANICAL

These hermetic displays are designed for use in adverse

industrial environments.

These displays may be mounted by soldering directly to a

printed circuit board or Inserted into a socket. The lead-

to-lead pin spacing is 2.54mm (0.100 inch) and the lead

row spacing is 15.24mm (0.600 inch). These displays may
be end stacked with 2.54mm (0.100 inch) spacing between

outside pins of adjacent displays. Sockets such as Augat

324-AG2D (3 digits) or Augat 508-AG8D (one digit, right

angle mounting) may be used.

The primary thermal path for power dissipation is through

the device leads. Therefore, to insure reliable operation up
to an ambient temperature of +100°C, it is important to

maintain a case-to-ambient thermal resistance of less

than 35°C/watt as measured on top of display pin 3.

Post solder cleaning may be accomplished using water.

Freon/alcohol mixtures formulated for vapor cleaning

processing (up to 2 minutes in vapors at boiling). or

Freon/alcohol mixtures formulated for room temperature

cleaning. Suggested solvents: Freon TF, Freon TE.

Genesolv DI-15, Genesolv DE-15.

CONTRAST ENHANCEMENT

The 5082-7350 displays have been designed to provide the

maximum posible ON/OFF contrast when placed behind

an appropriate contrast enhancement filter. Some
suggested filters are Panelgraphic Ruby Red 60 and Dark

Red 63, SGL Homalite H100-1605, 3M Light Control Film

and Polaroid HRCP Red Circular Polarizing Filter. For

further information see Hewlett-Packard Application Note
964.
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Solid state Over Range Character
For display applications requiring a ±, 1 . or decimal point designation, the 5082-7358 over range character is available. This

display module comes in the same package as the5082-7350 series numeric indicator and is completely compatible with it.

Package Dimensions

tr-u~ur~u~i.

i.

US> (.101

1.06)

.

crup^n

FRONT

f-
13.5

',1 <*»

M
I ibl

0.3.0MIYP.
(.013.003!

+
(.171

SIDE

[30 rBti

REAR

NOTES:

I, DIMENSKWS IS MILLIMETRESAND (INCHES)

2 UNLESS OTHERWISE SPECIFIED. THE TOLERANCE
ON ALL DIMENSIONS IS : 38 MM (* .015 INCHES).

PIN FUNCTION
1 PIjj

7 -...-!.<5< Ona

3 '...-..i c-«

4 DP

6 Opan

6 Op»n
7 v

cc

a Mlnui/Piu.

.777 /77 /77

Figure 9, Typical Driving Circuit.

TRUTH TABLE

NOTES: L: Line switching transistor in Figure 9 cutoff.

H: Line switching transistor in Figure 9 saturated.

X: "Don't cart'

CHARACTER PIN

1 2,3 4 8

+ ' H X X H
—

.

L X X H

1 X H X X
Decimal Point X X H X

Blank U' L L L

Electrical/Optical Characteristics
5082-7358 (VA = 0°C to 70° C, Unless Otherwise Specified)

DESCRIPTION SYMBOL TEST CONDITIONS MIN TYP MAX UNIT

Forward Voltage per LED V F lF - 10 mA 1.6 2.0 V

Power dissipation PT I F
- 10 mA

all diodes lit 280 320 mW
Luminous Intensitv per LED (digit average! h l F

- 6 mA
TC -25°C

40 85

*icd

Peak wavelength XpeaK T,. - 25°C 655 nm

Dominant Wavelength \o TC -25°C 640 nm

Weight 1.0 gm

Recommended Operating
Conditions

SYMBOL MIN NOM MAX UNIT

LED supply voltage vcc 4.6 5.0 SB V
Forward currunt, each LED >f S.O 10 mA

NOTE:

LED current rrust be externally limited. Refer to Figure 9

for recommended resistor values.

Absolute Maximum Ratings
DESCRIPTION SYMBOL MIN. MAX. UNIT

Storage temperature, ambient TS ^65 +125 °C

Operating temperature, ambient TA -55 +100 °C

Forward current, each LED if 10 mA
Reverse voltage, each LED Vr 4'; V
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SOLID STATE
NUMERIC

INDICATOR

5082-7010

5082-7011

TECHNICAL DATA MARCH 1980

Features

• RUGGED, SHOCK RESISTANT, HERMETIC

• DESIGNED TO MEET MIL STANDARDS
• INCLUDES DECODER/DRIVER

BCD Inputs

• TTL/DTL COMPATIBLE

• CONTROLLABLE LIGHT OUTPUT
• 5 x 7 LED MATRIX CHARACTER

Description

The HP 5082-7010 solid state numeric indicator with

built-in decoder/driver provides a hermetically tested

6.8mm (0.27 in.) display for use in military or adverse

industrial environments. Typical applications include

ground, airborne and shipboard equipment, fire con-

trol systems, medical instruments, and space flight

systems.

The 5082-7010 is a modified 5x7 matrix display that

indicates the numerals 0-9 when presented with a

BCD code. The BCD code is negative logic with blanks

Package Dimensions

displayed for invalid codes. A left-hand decimal point

is included which must be externally current limited.

The 5082-701 1 is a companion plus/minus sign in the

same hermetically tested package. Plus/minus indica-

tions require only that voltage be applied to two in-

put pins.

Both displays allow luminous intensity to be varied

by changing the DC drive voltage or by pulse duration

modulation of the LED voltage.

5082-7010

2S.4*Q13CTnS.TYP.
P*- MOO^.OOSI

fa
t

"•

I',
13.4 rh
<-5»l 1 , l| u

i_
6,4

U»l

IM6I

_i

•tii
i

f 26.8

1 11.06

S.3t
i (.211

"

1" (Ml

0.38 iO.U
'

, P MHS-.005J
5 A 1 7 8 DIA. TYP.

\m i

&
i

- 5062.701 - vm

. XYV

r\
\

T=
-i 8"Hum

0.31 (015t

OIA. TYP.

0.M
(.OMI

18w

. ,1,
i

1

I PIN FUNCTION PIN FUNCTION
1

:
' <»pM> *

2 V»

4 input 9

5 Input 4

6 Ground

7 Vcc
8 Input 2

5032-7011

I (.091

25.4-013CTRS.TYP.
(.100 i.0061

-J.

1

T~
!3

I
0")

2KB
11.061

(.18)

"T

LM]
I— 60*2-7011 —

',
i r

0.38 tO.13
(015^0051
OuVTVP

33.6

(H)

I*

S>

0.64

(.0261

i_

i.i»p

iTt

coot
'•* -H

PIN FUNCTION PIN FUNCTION

1 NC 5 NC
2 NC 6 Ground

3 Plu* 7 M-mut/Mui

4 NC B NC

Notts: 1. Unless otherwise specified, the tolerance on all dimensions is*0.38 mm. (±0.015 inches).

2. All dimensions in millimetres and (inches).

3. The package and mounting pins are tin plated Kovar.
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Absolute Maximum Ratings

Description Symbol Min. Max. Unit

Storage Temperature, Ambient Ts -65 +100 °C

Operatirg Temperature, Case TC -55 +95 °C

Logic Supply Voltage to Ground VCC -0.5 +7.0 V

Logic Input Voltage V, -0.5 +5.5 V

LED Supply Voltage to Ground Vled" 1 -0.5 +5.5 V

Decimal Point Current 'dp -10 mA

Nota: 1. Atove Tc = 65° C derate V. Eq Pe r derating curve in Figure 10.

Recommended Operating Conditions

Description Symbol Min. Norn. Max. Unit

Logic Supply Voltage Vcc 4.5 5.0 5.5 V

LED Supply Voltage, Display Off Vled -0.5 +1.0 V

LED Supply Voltage, Display On Vled 3.0 4.2 5.5 V

Decimal Point Current IdpWI -5.0 -10.0 mA

Logic Input Voltage, "H" State V,H 2.0 5.5 V

Logic Input Voltage, "L" State V,L 0.8 V

Note: 2. Decimal point current must be externally current limited. See application information.

Electrical /optical Characteristics
Case Temperature, Tc C to 70 C, unless otherwise specified

Description Symbol
Tett

Conditions
Min. TyP .

MI Max. Unit

Logic Supply Current 'cc Vcc = 5.5V 45 75 mA

LED Supply Current

'led
[3]

[5]

Vcc Vled

mA
5.5V 5.5V 255 350

5.5V 4.2V 170 235

5.5V 3.5V 125

Logic Input Current,

"H" State (ea. input) l|H
VCc = 5.5V
V|h=2.4V

100 KA

Logic Input Current,

"L" State (ea. input)
l|L

Vcc = 5.5V
V|L = 0.4V

-1.6 mA

Decimal Point

Voltage Drop
Vled
-VDp

l Dp = -10mA 1.6 2.0 V

Power Dissipation

Pt

[3]

[5]

Vcc Vled

W5.5V 5.5V 1.7 2.3

5.5V 4.2V 1.0 1.4

5.5V 3.5V 0.7

Luminous Intensity

per LED (digit avg.) \v

Vled Tc

jicd

5.5V 25°C 60 115

4.2V 26"C 40 80

3.5V 25°C 50

Peak Wavelength ^DBSk 655 nm
Spectral Halfwidth AXy, 30 nm
Weight 4.9 gram

3. With numeral 8 displayed.

4. All typical values at Tc = 25°C.

5. Tc -0°Cto65°Cfor V LED = 5.6V.

Truth Table

Char-

acter

Logic

X8 X4 X2 XI

H H H H

1 H H H L
1

2 H H L H o
3 H H L L

4 H L H H 4
5 H L H L E
6 H L L H 6
7 H L

I
L 1

8 L H H H P.

9 L H H L 9
Blank L H L H

Blank L H L L

Blank L L IH H

Blank L L ! H L

Blank L L L H

Blank L L L L

V| L - 0.0 to 0.8V

V|n 2.0 to 5.5V
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Figure 1. Equivalent input circuit of the 5082-7010 decoder.

Note: Display metal case is isolated from ground pin #6.

Figure 2. Equivalent circuit of the 6082-7010 as seen from
LED and decimal point drive lines.
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Tc-25-C
^X-5.6V

1

u
5
g ~o3

^

Figure 3. Equivalent circuit of 5082-7011 plus/minus
sign, All resistors 34511 typical. Note: Display

metal case is isolated from ground pin #6.
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Figure 4. Input current as a function of input voltage,

each input.
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Figure 6. Logic "L" input current as a function of case

temperature, each input.

243



1
I

I

I •»

i
*°

A
Vcc - 6.6V

-"'.

"

-

RECOMMENDED '

-
1

RANGE

1 j

\

Figure 7. LED supply currant as a function of

LED supply voltage.
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solid State Plus/Minus Sign
For display applications requiring ± designation, the 5082-

7011 solid state plus/minus sign is available. This display

module comes in the same package as the 5082-7010 nu-

meric indicator and is completely compatible with it. Plus

or minus information can be indicated by supplying voltage

to one (minus sign) or two (plus sign) input leads. A third

lead is provided for the ground connection. Luminous in-

tensity is controlled by changing the LED drive voltage.

Each LED has its own built-in 34512 (nominal) current

limiting resistor. Therefore, no external current limiting

is required for voltages at 5.5V or lower. Like the numeric

indicator, the -7011 plus/minus sign isTTL/DTL compatible.

Truth Table

CHARACTER
PIN

3 7

+ H H

- L H

Blank L L

V L =-0.5to 1.0V

Vu - 3.0 to 5.5V

Electrical /optical Characteristics
Case Temperature, Tc C to 70 C, unless otherwise specified

Description Symbol Test Conditions Min. Typ." 1 Max. Unit

LED Supply Current 'led
VLED = 5.5V 105 150

mA
VLED = 4.2V 70 100

Power Dissipation Pt
VLED = 5-5V 0.6 0.9

W
VLED = 4.2V 0.3 0.6

Luminous Intensity per LED (Digit Avg.) I,
121

VLed = 5.5V 60 115

MedVLED = 4.2V 40 80

VLED = 3.5V 50

Peak Wavelength "peak 655 nm

Spectral Halfwidth AXiS 30 nm

Weight 4.9 gram

Nottj: 1. All typical values at Tc 25°C

2. AtTc -25°C

Absolute Maximum Ratings

Description Symbol Min. Max. Unit

Storage Temperature. Ambient Ts -65 +100 °C

Operating Temperature, Case Tc -55 +95 °C

Plus, Plus/Minus Input

Potential to Ground
Vled -0.5 5.5 V

Recommended Operating Conditions

Description Symbol Min. Nom. Max. Unit

LED Supply Voltage,

Display Off Vled -0.5 1.0 V

LED Supply Voltage,

Display On Vled 3.0 4.2 5.5 V
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Applications
Decimal Point Limiting Resistor

The decimal point of the 5082-7010 display requires an ex-

ternal current limiting resistor, between pin 2 and ground.

Recommended resistor value is 220fi, 1/4 watt.

Mounting

The 5082-7010 and 5082-7011 displays are packaged with

two rows of 4 contact pins each in a DIP configuration

with a row center line spacing of 0.890 inches.

Normal mounting is directly onto a printed circuit board.

If desired, these displays may be socket mounted using

contact strip connectors such as Augat's 325-AGI or AMP
583773-1 or 583774-1.

Haat Sink Operation

Optimum display case operating temperature for the 5082-

7010 and 7011 displays is Tc=0°C to 70°C as measured

on back surface. Maintaining the display case operating

temperature within this range may be achieved by mount-

ing the display on an appropriate heat sink or metal core

printed circuit board. Thermal conducting compound such

as Wakefield 1 20 or Dow Corning 340 can be used between

display and heat sink. See figure 10 for V|_ed derating vs.

display case temperature.

Operation Without Heat Sink

These displays may also be operated without the use of a

heat sink. The thermal resistance from case to ambient

for these displays when soldered into a printed circuit

board is nominally
CA=3O°C/W. See figure 12 for V LED

derating vs. ambient temperature.

Cleaning

Post solder cleaning may be accomplished using water,

Freon/alcohol mixtures formulated for vapor cleaning pro-

cessing (up to 2 minutes in vapors at boiling) or Freon/

alcohol mixtures formulated for room temperature cleaning.

Suggested solvents: Freon TF, Freon TE, Genesolv DI-15,

Genesolv DE-15.
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HEWLETT
PACKARD

HERMETIC NUMERIC AND
HEXADECIMAL DISPLAYS
FOR HIGH RELIABILITY

APPLICATIONS

5082-7391 (4N51)

5082- 7392 (4N52)

5082- 7393 (4N53)

5082- 7395 (4N54)

TECHNICAL DATA MARCH 1980

Features
PERFORMANCE GUARANTEED OVER
TEMPERATURE
HERMETICITY GUARANTEED
TXV SCREENING AVAILABLE
GOLD PLATED LEADS
HIGH TEMPERATURE STABILIZED
NUMERIC
5082-7391 Right Hand D.P.
5082-7392 Left Hand D.P.

HEXADECIMAL
5082-7395

TTL COMPATIBLE
DECODER/DRIVER WITH 5 BIT MEMORY
4x7 DOT MATRIX ARRAY
Shaped Character, Excellent Readability

STANDARD DUAL-IN-LINE PACKAGE
CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output from
Unit to Unit within a Single Category

Description
The HP 5082-7390 series solid state numeric and
hexadecimal indicators with on-board decoder/driver and
memory are hermetically tested 7.4mm (0.29 inch)

displays for use in military and aerospace applications.

The 5082-7391 numeric indicator decodes positive 8421

BCD logic inputs Into characters 0-9, a " -" sign, a test

Package Dimensions*
10.2 MAX .

LWOI

J2-Q.

7392

15
-5 '

"ft

REAR VIEW

LUMINOUS
!*•-- INTIMilTY

CATEGORY

SIDE VIEW

XYY

tQGOGJ

D»TE CODE

^flN I KEY

Q3.0.08TYP
1-012 -.0031

pattern, and four blanks in the invalid BCD states. The unit

employs a right-hand decimal point. Typical applications

include control systems, instrumentation, communica-
tion systems and transportation equipment.

The 5082-7392 is the same as the 5082-7391 except that

the decimal point is located on the left-hand side of the

digit.

The 5082-7395 hexadecimal indicator decodes positive

8421 logic inputs into 1 6 states, 0-9 and A-F. In place of the

decimal point an input is provided for blanking the display

(all LED's off), without losing the contents of the memory.
Applications include terminals and computer systems
using the base-16 character set.

The 5082-7393 is a "±1." overrange display, including a

right hand decimal point.

END VIEW

PIN

FUNCTION
5082-7391 1 5082 7395
AND 7392 HEXA-
NUMERIC DECIMAL

1 Input 2 Input 2

2 Input 4 Input 4

3 Input 8 Input 8

4 Decimal
point

Blanking
control

5 Utah
ai.DblB

Latch
eniisle

E GrOUltd Gr^Jnd

7 Vcc Vee

1

8 Inpot 1 Input 1

SEATING
PLANE

\

1.15! <«>

1'
;

1 | UX)
-W -WA

:

1 1

1

[.owl *i n — i— (j

_J L_2*iO.»3T
1 r acoot

5-OOflTYP.
020 - .003!

TVf.

GOT,

NOTES:
1. Dimeniloni In millimetres and linchei).

2. Unleu mho-wisc ipacified. the tolerance

on ell dimeniloni li i.38mm (i.0l5"l

3. Digit eente* line it ! ,25mm {=.01")

team package eemer line.

4. Lead mitniii it gold plated codpc
•itoy.

"JEDEC Registered Dala.
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Absolute Maximum Ratings*

Description Symbol Mln. Max. Unit

Storage temperature, ambient Ts -65 +125 °C

Operating temperature, ambient "" T* -55 +100 °C
Supply voltage '"

Vcc -0.5 +7.0 V

Voltage applied to input logic, dp and enable pins V,,Vdp.Ve -0.5 +7.0 V

Voltage applied to blanking input '" V„ -0.5 Vcc V

Maximum solder temperature at 1.59mm (.062 inch)
below seating plane; t < 5 seconds

260 -c

Recommended Operating Conditions
1

Description Symbol Mln. Nom. Max. Unit

Supply Voltage Vcc 4.5 5.0 5.5 V

Operating temperature, ambient " ,!l TA -55 +100 °c

Enable Pulse Width tw 100 nsec

Time data must be held before positive transition

of enable line
tsETUP 50 nsec

Time data must be held after positive transition

of enable line
tHul 1) 50 nsec

Enable pulse rise time tn.H 200 nsec

Electrical /Optical Characteristics 1(Ta = -55°C to +100°C, unless otherwise specified)

Description Symbol Test Conditions Mln. Typ."' Max. Unit

Supply Current Ice Vcc=5.5V (Numeral

5 and dp lighted)

112 170 mA
Power dissipation p. 560 935 mW
Luminous intensity per LED
(Digit average) ;S,S >

I. Vcc=5.0V. Ta=25°C 40 85 jicd

Logic low-level input voltage Wtt

V,:r=4.5V

0.8 V

Logic high-level input voltage V,„ 2.0 V
Enable low-voltage: data being
entered

Vhl 0.8 V

Enable high-voltage; data not
being entered

Veh 2.0 V

Blanking low-voltage; display
not blanked m Vbl 1 0.8 V

Blanking high-voltage; display
blanked '" Vbh 3.5 V

Blanking low-level input current m 1st. Vcc=5.5V, VBL=0.8V 50 mA

Blanking high-level input current
'"'

Ibh Vcc=5.5V, VB1I=4.5V 1.0 mA
Logic low-level input current In. VL-c=5.5V, V1L=0.4V -1.6 mA
Logic high-level input current Ilfl V,c=5.5V, V,h=2.4V +100 HA
Enable low-level input current Iel Vcc=5.5V. Vel=04V -1.6 mA
Enable high-level Input current Ieh Vcc=5.5V, Veh=2.4V +130 fA
Peak wavelength Apl'AK Ta=25'

,C 655 nm
Dominant Wavelength '*'

\* Ta=25°C 640 nm
Weight" 1.0 gm
Leak Rate 5x10"

:

cc/sec

Notes: 1. Nominal thermal resistance of a display mounted in a socket which is soldered into a printed circuit board: Bja=50°C/W;
6jc=15°CAN. 2. 9:A of a mounted displayshould not exceed 35°C/W foroperation uptoTA=-100°C. 3. Voltagevalues arewith respect to

device ground, pin 6. 4. All typical values at vcc"5.0 Volts, Ta=25°C. 5. These displays are categorized for luminous intensity with the in-

tensity category designated by a letter located on the back of the display contiguous with the Hewlett-Packard logo marking. 6. The
luminous Intensity at a specific ambient temperature, Iv(Ta), may be calculated from this relationship: Iv(Ta)=Ih25°c>(.985) |Ta-2s*ci

7. Applies only to 7395. 8. The dominant wavelength, Xj, is derived from the CIE chromatlcity diagram and represents the single wave-
length which defines the color of the device.

"JEDEC Registered Data. "Non Registered Data.
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Figure 1. Timing Diagram ol 5062-7390
Series Logic.

vcc
ENABLE

LOGIC

INPUT

a— HI

i —- xa
?-"W LATCH.'—'

'
«' MEMORY

MATRIX
DECODER

LED
MATRIX

.

ORIVER

LCD
MATRIX

Figure 2. Block Diagram ol 5082-7390
Series Logic.

THU H TABLE

BCD DATA"'
6082-7381mm 6082 7396

x. X. Xj *l

L L L L B
I L L H <

L L H L
"'-'

L L H H 'I

L M L L -. :.,:

L H L H
' -•'

L H H L h
L H H M 1 1

H L L y
H L H >< H
h n I p ;

•

M H H 1BLANKI p
:
M H L I (BLANK) f
H M L H .... n
H - H L IBLANKI i-

M H i H H (BLANK! r

,'. DECIMAL PT." 1

ON Vdi.-l

OFF v~op- h

ENABLE "1
LOAD DATA Ve -L
LATCH DATA Ve -H

BLANriAtRl^
OISPLAY-O* V, -L
OISPLAYOFF V.-H

Notes:

1. H = Logic High; L = Logic Low With the enable input at logic high

changes in BCD input logic levels or D.P. input have no effect upon

display memory, displayed character, or O.P.

2. The decimal point input, DP, pertains only to the 5082-7391 and

5082-7392 displays.

3. The blanking control input. B. pertains only to the 5082-7395

hexadecimal display. Blanking input has no effect upon display

memory.
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}
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/
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:
.
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" 10
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-A
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s
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\
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\
a i 2 3 i 60

V, - BLANKING VOLTAGE - V TA - AMBIENT TEMPERATURE - "C V, - LATCH ENABLE VOLTAGE - V

Figure 3. Typical Blanking Control

Current vs. Voltage lor 5082-

7395.

Figure 4. Typical Blanking Control

Input Current vs. Ambient

Temperature lor 5082-7395.

Figure 5. Typical Latch Enable Input

Current vs. Voltage.

•JEDEC Registered Data.
249



2-i

Tc .»-C
va -tm

v-
r •>

X--V- •< «

\
"'\

»- \

= K "

3 re .7

53,

I.
a! .«

v V

V v

1
1 1

1 1 . _L 1

Vm - LOGIC VOLTAGE - V

-56-40-20 204000 60

T. - AMBIENT TEMPERATURE - "C

il
Z X

IJ

V
V
K -60V t £

'3
A

~z
2_

" 7*

.. . i

—
i

-55-40 -20

TA -AMBIENT TEMPERATURE - *C

Figure 6. Typical Logic and Decimal
Point Input Current vs.

Voltage.

Figure 7. Typical Logic and Enable

Low Input Currant vs.

Ambient Temperature.

Figure 8. Typical Logic and Enable
High Input Current vs.

Ambient Temperature.

Operational Considerations

ELECTRICAL

The 5082-7390 series devices use a modified 4 x 7 dot

matrix of light emitting diodes (LED's) to display

decimal/hexadecimal numeric information. The LED's are
driven by constant current drivers. BCD information is

accepted by the display memory when the enable line is at

logic low and the data is latched when the enable is at

logic high. To avoid the latching of erroneous information,

the enable pulse rise time should not exceed 200

nanoseconds. Using the enable pulse width and data
setup and hold times listed in the Recommended
Operating Conditions allows data to be clocked into an

array of displays at a 6.7MHz rate.

The blanking control input on the 5082-7395 display

blanks (turns of) the displayed hexadecimal information

without disturbing the contents of display memory. The
display is blanked at a minimum threshold level of 3.5

volts. This may be easily achieved by using an open
collector TTL gate and a pull-up resistor. For example,

(1/6) 7416 hexinverter buffer/driver and a 120ohm pull-up

resistor will provide sufficient drive to blank eight

displays. The size of the blanking pull-up resistor may be
calculated from the following formula, where N is the

number of dig ts:

Rhunk = (Vcc - 3.5V)/[N (1.0mA)]

The decimal point input is active low true and this data is

latched into the display memory in the same fashion as is

the BCD data. The decimal point LED is driven by the on-
board IC.

MECHANICAL

5082-7390 series displays are hermetically tested for use
in environments which require a high reliability device.

These displays are designed and tested to meet a helium
leak rate of 5 x 10"' cc/sec and a standard dye penetrant

gross leak test.

These displays may be mounted by soldering directly to a

printed circuit board or inserted into a socket. The lead-

to-lead pin spacing is 2.54mm (0.100 inch) and the lead

row spacing is 15.24mm (0.600 inch). These displays may
be end stacked with 2.54mm (0.100 inch) spacing between

outside pins of adjacent displays. Sockets such as Augat

324-AG2D (3 digits) or Augat 508-AG8D (one digit, right

angle mounting) may be used.

The primary thermal path for power dissipation is through

the device leads. Therefore, to insure reliable operation up
to an ambient temperature of +100°C. it is important to

maintain a case-to-ambient thermal resistance of less

than 35°C/watt as measured on top of display pin 3.

Post solder cleaning may be accomplished using water,

Freon/alcohol mixtures formulated for vapor cleaning

processing (up to 2 minutes in vapors at boiling) or

Freon/alcohol mixtures formulated for room temperature
cleaning. Suggested solvents: Freon TF, Freon TE,
Genesolv DI-15, Genesolv DE-15.

PRECONDITIONING

5082-7390 series displays are 100% preconditioned by 24
hour storage at 125°C.

CONTRAST ENHANCEMENT
The 5082-7390 displays have been designed to provide the

maximum posible ON/OFF contrast when placed behind

an appropriate contrast enhancement filter. Some
suggested filters are Panelgraphic Ruby Red 60 and Dark

Red 63, SGL Homalite H100-1605, 3M Light Control Film

and Polaroid HRCP Red Circular Polarizing Filter. For

further information see Hewlett-Packard Application Note
964.

•JEDEC Registered Data.
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High Reliability Test Program
Hewlett-Packard provides standard high reliability test

programs, patterned after MIL-M-38510 in order to

facilitate the use of HP products in military programs.

HP offers two levels of high reliability testing:

The TXV prefix indentifies a part which has been
preconditioned and screened per Table 1.

The TXVB prefix identifies a part which has been pre-

conditioned and screened per Table 1 . and comes from
a lot which has been subjected to the Group 8 tests

described in Table 2.

Standard Product
|
With TXV Screening Plus Group B

PREFERRED PART NUMBER SYSTEM
4N51 4N51TXV 4N51TXVB

4N52 4N52TXV 4N52TXVB

4N54 4N54TXV 4N54TXVB

4N53 4N53TXV 4N53TXVB

ALTERNATE PART NUMBER SYSTEM
50B2-7391 TXV-7391 TXVB-7391

5082-7392 TXV-7392 TXVB-7392

5082-7395 TXV-7395 TXVB-7395

5082-7393 TXV-7393 TXVB-7393

Table 1. TXV Preconditioning and Screening — 100%.

MIL-STD-883

Examination or Teat Methods Conditions

1, Internal Visual Inspection HP Procedure
A-5956-7572-52

2. Electrical Test: lv, lor, Isl. U, In, lm, In., Iim. Per Electrical/Optical Characterstics.

3. High Temperature Storage 1008 125°C, 168 hours.

4. Temperature Cycling 1010 -65°C to "-1253 C. 10 cycles.

5. Acceleration 2001 2.000 G, Y, orientation.

6. Helium Leak Test 1014 Condition A
7. Gross Leak Test 1014 Condition D
8. Electrical Test: Same as Step 2

9. Burn-in 1015 TA=100°C, t=168 hours, at VCC=5.0V and cycling through
logic at 1 character per sec.

10. Electrical Test as in Step 2

11. Sample Electrical Test Over Temperature: Per Electrical Characteristics, T* = -55° C. LTPD = 7
1, , , Ibl. Ibh, Iim . Iih. In. Iih

12. Sample Electrical Test Over Temperature Per Electrical Characteristics, TA = +100°C, LTPD = 7

Ice. Idl, Ibh, In. Ilii. l|L. Iih

13. External Visual 2009

Table 2. Group B.

Examination or Test
MIL-STD-883

LTPD
Method Condition

Subgroup 1

Physical Dimensions 2008 Package Dimensions per Product Outline Drav/ing.

20

Subgroup 2
Solderabiilty

Temperature Cycling

Thermal Shock
Hermetic Seal

Moisture Resistance

End Points: Electrical Test

2003

1010

1011

1014

1004

Immersion within 0.062" of seating plane 260°C. t=5 sec, omit aging.

10 cycles -65°C to +125°C
Test Condition A
Condition A and Condition D
Omit initial conditioning.

Same as Step 2, Table 1.

15

Subgroup 3
Shock - Non-operating

Vibration Variable Frequency

Constant Acceleration

End Points: Electrical Test

2002

2007

2001

1500 G, t=0.5ms, 5 blows in each orientation Xi. Yi, Y;.

Non-operating.

2,000 G, Yi orientation.

Same as Step 2, Table 1.

15

Subgroup 4
Terminal Strength

End Points: Hermetic Seal

2004
1014

Test Condition B2.

Condition A and Condition D

15

Subgroup 5
Salt Atmosphere 1009 Test Condition A

15

Subgroup 6
High Temperature Life

End Points: Electrical Test

1008 T,= 125°C, non-operating, t-^1000 hours.

Same as Step 2, Table 1.

\=7

Subgroup 7
Steady State Operating Life

End Points: Electrical Test

1005 T,=100°C, 1=1000 hours, a! V,, ^-5.0V and cycling through logic at

1 character per second.

Same as Step 2. Table 1

.

A=5

•JEDEC Registered Data.
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solid State Over Range Character
For display applications requiring a ±, 1 , or decimal point designation, the 5082-7393 over range character is available.This

display module comes in the same package as the5082-7390 series numeric indicator and is completely compatible with it.

Package Dimensions '

mmm
10.1

1.4001

1
XYY — - DATE CODE

^PlNIKEV

3>0.08TYP.
1.012^.0031

SIDE

' U—
!Ll

is
IX)

Ur

GftGfl

F1EAR

MOTES
l. DIMENSIONS NMILLIMETHESAKOiINChESI
!W!5S 0THFH*lS£ jrttttltb. IH£ TOLERANCE
ON AIL Dl WESSONS 13 i .38 MM ): OIB INCHES).

im
06:0.08 TYP.
~MHO --.0031

28 -013 TYP.

M0 -..005)

END

PIN FUNCTION
Pli>i

2 N ,=.•, Q-.

3 Nufntrtl Oni

4 DP

5 Opon

6 Open
7 vcc
6 MirWPlL,.

rh rh rh rh

Figure 9. Typical Driving Circuit.

TRUTH TABLE

NOTES: L: Line switching transistor in Figure 9 cutoff.

H: Line switching transistor in Figure 9 saturated.

X: 'Don't cart'

CHARACTER PIN

1 2.3 4 8

* H X X H
- L X X H
1 X H X X

Decimal Point X X H X
Blank l L L t-

Electrical /Optical Characteristics*
5082-7393 (TA = -55°C to +100°C, Unless Otherwise Specified)

DESCRIPTION SYMBOL TEST CONDITIONS MIN TVP MAX UNIT

Forward Voltage por LED v F Ip » 10 mA 1.6 2.0 V
Power dissipation PT Ip - 10mA

all diodes lit 280 320 mW
Luminous intensity per LED (digit average) 1, lp-6mA

Tc - 25°C

40 85

/icd

Peak wavelength >peak Tc - 25°C 655 nm
Dominant Wavelength

X<* TC -25°C 640 nm
Weight • •

1.0 gm

Recommended Operating
Conditions*

SYMBOL MIN NOM MAX UNIT

LED supply voltage vcc 15 5.0 5.5 V
Forward currant, each LEO * 5.0 10 mA
NOTE:
LED current must be externally limited. Refer to Figure 9
for recommended resistor values.

Absolute Maximum Ratings'
DESCRIPTION SYMBOL MIN. MAX. UNIT

Storage temperature, ambient TS -65 +126 °C

Operating temperature, ambient TA -55 +100 °C
Forward current, each LED if 10 mA
Reverse voltage, each LED Vr 4-

" V

JEDEC Registered Data. "Non Registered Data.
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m HEWLETT
PACKARD

RED FOUR
CHARACTER SOLID

STATE ALPHANUMERIC
DISPLAY

1
HOSP-2000

TECHNICAL DATA MARCH 1980

Features

• INTEGRATED SHIFT REGISTERS WITH
CONSTANT CURRENT DRIVERS

• CERAMIC 7.62 mm (.3 in.) DIP
Integral Red Glass Contrast Filter

• WIDE VIEWING ANGLE
• END STACKABLE 4 CHARACTER PACKAGE
• PIN ECONOMY

12 Pins lor 4 Characters

• TTL COMPATIBLE

• 5x7 LED MATRIX DISPLAYS FULL ASCII
CODE

• RUGGED, LONG OPERATING LIFE

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Ease of Package to

Package Brightness Matching

Description
The HP HDSP-2000 display is a 3.8mm (0. 1 5 inch) 5x7 LED array for display of alphanumeric information. The device is

available in 4 character clusters and is packaged in a 12-pin dual-in-line type package. An on-board SIPO (serial-in-

parallel-out) 7 bit shift register associated with each digit controls constant current LED row drivers. Full character display

is achieved by external column strobing. The constant current LED drivers are externally programmable and typically

capable of sinking 13.5mA peak per diode. Applications include interactive I/O terminals, point of sale equipment, portable

telecommunications gear, and hand held equipment requiring alphanumeric displays.

Package Dimensions

•DO NOT CONNSCT 00 USE

J.64-.1JTYP.
(.100 -MB)
WON ACCUM.

:-. m m
1010 ..0031

(.3001-I

NOTES
1 DIMENSIONS INnuM-NchwV
2. UNLESS OTHERWISE SPECIFIED THE

TOLERANCE ON ALL DIMENSIONS
IS-.38mBiU.01S"!

3 LEAD MATERIAL IS GOLD PLATED
COPPER ALLOY

« CHARACTERS ARE CENTERED
WITH RES-ECT TO LEADS WITHiN
• ISntfa !:.0OS

H

'l.
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Absolute Maximum Ratings
Supply Voltage Vcc to Ground -0.5V to 6.0V

Inputs, Data Out and VB -0.5V to Vcc
Column Input Voltage, Vcoi -0.5V to +6.0V
Free Air Operating Temperature
Range, Ta1 -' -20°C to +70° C

Storage Temperature Range, Ts -55°C to +100°C
Maximum Allowable Package Dissipation

atTA = 25°Ci; ' !"' 1.70 Watts

Maximum Solder Temperature 1.59mm (.063")

Below Seating Plane t<5 sees 260° C

Recommended Operating Conditions
Parameter Symbol Mln. Nom. Max. Unite

Supply Valtage Vc< 4.75 50 5.25 V

Dala Out Current, Low State I™. 1.6 mA
Data Out Current, HighState Ion -0.5 mA
Column Input Voltage, Column On Vcot. 2.6 Vcc V

Setup Time Wtup 70 45 ns

Hold Time Ii . - 30 ns

Width of dock iwlCtMkl 75 ns

Clock Frequency 'dock 3 MHz
Clock Transition Time tlHl 200 ns

Free Air Operating Temperature Range T* -20 70 °C

Electrical Characteristics Over operating Temperature Range
(Unless otherwise specified.)

Description Symbol Te*t Conditions Min. Typ/ Max. Unite

Supply Current lei

V<c = 5.25V

Vciock = Vdah = 2.4V

All SR Stages =

Logical 1

V,, 1 0.4V 45 60 mA

Vb=24V 73 95 mA

Column Current at any Column Input Icoi
Vcc = 5.25V
Vcol - 3.5V

All SR Stages = Logical 1

Vb=0.4V 1.5 mA

Column Current at any Column Input Icoi Vb=2.4V 335 410
mA

Peak LuminDus Intensity per LEDP-'I

(Character Average) UpsaK
Vrr = 5.0V, Vcol = 3.5V

T, = 25°C |J V8=2.4V
105 200 i.ed

Vb, Clock or Data Input Threshold High V.IH
Vcc = V<„, = 4.75V

2.0 V

Vb, Clock or Data Input Threshold Low v„ 0.8 V
Input Current Logical 1 Vb, Clock llH

Vcc = 5.2SV, Vih = 2.4V
20 80 dA

Data In llM 10 40 (A
Input Current Logical VB,Clock In.

Vcc = 5.25V, Vi L - 0.4V
-500 -800 «A

Data In III. -250 -400 MA

Dala Out Voltage
Vok Vcc = 4.75V, Ioh = -0.5mA, V,™ = 0V 24 > 3.4 V

Vol Vcc = 4.75V, Iol = 1.6mA. Vcol = 0V 0.2 0.4 V

Power Dissioation Per Package" Pr.
Vcc = 5.0V, Vcol = 2.6V,

15 LEDs on per character, VB = 2.4V 0.66 W
Peak Wavelength Xpj .y. 655 nm
Dominant Wavelength l! > Xj 639 nm

'All typical values specified at Vcc 5.0V and TA = 25*C unless otherwise noted.

"Power dtssipat on per package with 4 characters illuminated.

NOTES: 1. Max mum absolute dissipation is with the device in a socket having a thermal resistance from pins to ambient of 35°C/walt.
2. The device should be derated linearly above 25"C at l6mW/"C (see Electrical Description on page 3).

3. The characters are categorized lor Luminous Intensity with the Intensity category designated by a letter code on me bottom ol the
package.

4. T, refers to the initial case temperature of the device immediately prior to the light measurement.
5. Dominant wavelength x^, is certved trom the CIE chromaticity diagram, and represents the single wavelength wnich defines the color

o' the device.

6. Maximum allowable dissipation is derived from Vcc = V- ,
- 5.25 Volts. 20 LEDs on per character.

7. The uminous stearance of the LED may be calculated using the following relationships:

Lv (Lux) - lv (Candela)/A (Metre) 1

Lv (Footlamberts) = *fc (Candela)ZA (Foot)
;

A = 5 3 x 10 ' M : = 5.8 x 10'' (Foot) 1
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Parameter Condition Mln. Typ. Max. Units

fclock

CLOCK Rate
3 MHz

tpi.M. tpHL

Propagation
delay CLOCK
to DATA OUT

Cl = 15pF
Rl=2.4K.Q

125 ns

Figure 1. Switching Characteristic*. (Vcc = 5V,

TA = -20°Cto+70°C)

Mechanical and
Thermal considerations
The HDSP-2000 is available in a standard 1 2 lead ceramic-

glass dual in-line package. It is designed for plugging into

DIP sockets or soldering into PC boards. The packages

may be horizontally or vertically stacked for character

arrays of any desired size.

The -2000 can be operated over a wide range of

temperature and supply voltages. Full power operation at

TA = 25°C (Vcc = VB = Vcol = 5.25V) is possible by

providing a total thermal resistance from the seating plane

of the pins to ambient of 35°C/W/cluster maximum. For

operation above TA = 25° C, the maximum device

dissipation should be derated above 25°C at 16mW7°C
(see Figure 2). Power derating can be achieved by either

decreasing Vc<u or decreasing the average drive current

through pulse width modulation of VB .

The -2000 display has an integral contrast enhancement

filter In the glass lens. Additional front panel contrast

filters may by desirable in most actual display applica-

tions. Some suggested filters are Panelgraphic Ruby Red

60, SGL Homalite H100-1605 and Plexiglass 2423.

Hewlett-Packard Application Note 964 treats this subject

in greater detail.

S JO

i

5f,, \
\

s
If
< 2x a

X
<

Post solder cleaning may be accomplished using water.

Freon/alcohol mixtures formulated for vapor cleaning

processing (up to 2 minutes in vapors at boiling) or

Freon/alcohol mixtures formulated for room temperature

cleaning. Suggested solvents: Freon TF, Freon TE,

Genesolv DI-15. Genesolv DE-15.

Electrical Description
The HDSP-2000 four character alphanumeric display has

been designed to allow the user maximum flexibility in

interface electronics design. Each four character display

module features Data In and Data Out terminals arrayed

for easy PC board interconnection such that display

strings of up to 80 digits may be driven from a single

character generator. Data Out represents the output of the

7th bit of digit number 4 shift register. Shift register

clocking occurs on the high to low transition of the Clock

input. The like columns of each character in a display

cluster are tied to a single pin. Figure 5 is the block

diagram for the HDSP-2000. High true data in the shift

register enables the output current mirror driver stage

associated with each row of LEDs in the 5x7 diode array.

The reference current for the current mirror is generated

from the output voltage of the VB input buffer applied

across the resistor R. The TTL compatible Ve input may
either be tied to Vcc 'or maximum display intensity or pulse

width modulated to achieve intensity control and

reduction in power consumption.

The normal mode of operation is depicted in the block

diagram of Figure 6. In this circuit, binary input data for

digit 4, column 1 is decoded by the 7 line output ROM and
then loaded into the 7 on board shift register locations 1

through 7 through a parallel-in-serial-out shift register.

Column 1 data for digits 3, 2 and 1 issimllarlydecodedand

shifted into the display shift register locations. The

column 1 input is now enabled for an appropriate period of

time, T. A similar process is repeated for columns 2. 3, 4

and 5. If the time necessary to decode and load data into

the shift register is t, then with 5 columns, each column of

the display is operating at a duty factor of:

T

D.F. = 5(t+T)

The time frame, t + T, allotted to each column of the

display is generally chosen to provide the maximum duty

factor consistent with the minimum refresh rate necessary

ibl

< «vt
J «00

£

X 300
3

1
3

/"' COMMOHU
REO

ENOEt
TING
ION

<

1 100

J

»M -40 -60 -B0 «1O0

TA - AMBIENT TEMPERATURE -'C

Figure 2. Maximum Allowable Power
Dissipation vs. Temperature.

-» o •» •« *eo *«o 'ioo

TA
- AMBIENT TEMPERATURE - "C

Figure 3. Relative Luminous Intensity

vs. Temperature.

1.0 20 10 i0 50 60 7.0

vCOL - COLUMN VOLTAGE - V

Figure 4. Peak Column Currant

vs. Column Voltage.
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to achieve a llicker free display. For most strobed display

systems, each column of the display should be refreshed

(turned on) at a minimum rate of 100<imes per second.

With 5 columns to be addressed, this refresh rate then

gives a value for the time t + T of:

1/(5 x (100)] = 2 msec.

If the device is operated at 3.0 MHz clock rate maximum, it

is possible to maintain t< T. For short display strings, the

duty factor will then approach 20%. For longer display

strings operation at column duty factors of less than 10%
will still provide adequate display intensity in most

applications. For further applications information, referto

HP Application Note 966 and Application Note 1001.

I4 BIT SERIAL IN"
PARALLEL OUT
Mill 7 REG!STEI>

^

jWW

: ! H

tr

14-817 SERIAL IN
PARALLEL OUT
atirr iwr

Figure 5. Block Diagram ol the HDSP-2000.

INTERNAL
CONNECT ION

IDO NOT CONNECT)

1/N COUNTER
(CLOCK N - ffc. Of DIGITS

I W DlS>l_AY

STRING

1

CLOCK IN

7-BIT
PARALLEL IN

(CMIMOVT
SHIFT

REGISTER

Figure 6. Block Diagram of a Basic Display System.
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ra HEWLETT
PACKARD

YELLOW FOUR
CHARACTER SOLID

STATE ALPHANUMERIC
DISPLAY

HDSP-2001

TECHNICAL DATA MARCH 1980

Features

• INTEGRATED SHIFT REGISTERS WITH
CONSTANT CURRENT DRIVERS

• CERAMIC 7.62 mm (.3 in.) DIP

• WIDE VIEWING ANGLE
• END STACKABLE 4 CHARACTER PACKAGE
• PIN ECONOMY

12 Pins (or 4 Characters

• TTL COMPATIBLE

• 5x7 LED MATRIX DISPLAYS FULL ASCII

CODE
• RUGGED, LONG OPERATING LIFE

• CATEGORIZED FOR LUMINOUS INTENSITY
AND COLOR

Assures Ease of Package to

Package Brightness and Color Matching

Description
The HP HDSP-2001 display is a 3.8mm (0.15 Inch) 5x7 yellow LED array for display of alphanumeric information. The

device is available in 4 character clusters and is packaged in a 1 2-pin dual-In-line type package. An on-board SIPO (serial-

in-parallel-out) 7-bit shift register associated with each digit controls constant current LED row drivers. Full character

display is achieved by external column strobing. The constant current LED drivers are externally programmable and

typically capable of sinking 13.5mA peak per diode. Applications include interactive I/O terminals, avionics, portable

telecommunications gear, and hand held equipment requiring alphanumeric displays.

Package Dimensions

(.020 -003)

- (.100-008)

NON ACCUfc-

._ _—

»
.010

OB TV* J;' _

©W T*L *•*
* IJOO

NOTES:
1. DIMENSIONS IN mm (MKhM).

2. UNLESS OTHERWISE SPECIFIED THE

TOLEflANCE ON ALL DIMENSIONS

IS>.Wmm<!.015"<
1 LEAD MATERIAL IS GOLO PLATED

COPPER ALLOV.
4. CHARACTERS ARE CENTERED

WITH RESPECT TO LEADS WITHIN
- 13m.* (-.006").
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Absolute Maximum Ratings
Supply Voltage Vo to Ground -0.5V to 6.0V
Inputs, Data Out and V B -0.5V to Vtl

Column Input Voltage. Ww -0.5V to -6.0V
Free Air Operating Temperature
Range, 7\' ;

' -20°C to-70°C

Storage Temperature Range, Ts -55° C to +100°C
Maximum Allowable Package Dissipation

atTA = 25°C"-' h
1.70 Watts

Maximum Solder Temperature 1.59mm (.063")

Below Seating Plane t<5 sees 260" C

Recommended Operating Conditions
Parameter Symbol Mln. Norn. Max. Units

Supply Voltage V,, 4.75 5.0 5.25 V

Data Out Current, Low Siate I..I 1.6 mA
Data Out Current HighStale

I
ii

-0.5 mA
Column Input Voltage, Column On Vu« 2.75 V,, v
Setup Time t.<„„ 70 45 ns

Hold Time lb* 30 ns

Width ot Clock t. |On I 75 ns

Clock Frequency f > 1 3 MHz.
Clock Transition Time t.lll 200 ns

Free Air Operating Temperature Range T» -20 70 °C

Electrical Characteristics Over Operating Temperature Range
(Unless otherwise specified.)

Description Symbol Test Conditions Mm. Typ- Max. Units

Supply Current -1,-

V, , - 5.25V

V<,.,». V„,n 2.4V
All SR Stages -

Logical i

Vh . 0.4V 45 60 mA

Vb 2.4V 73 95 mA

Column Current at any Column Input
Vcc = 5.25V
Vcol = 3.5V

All SR Stages - Logical 1

VB=0.4V 1.5 mA

Column Current at any Column Inpul
- . h rtl Vb=2 4V 335 410

mA
Peak LuminoLS Intensity per LED'3 'I

(Character Average)
1,-1 U

V<,-•= 5.0V, V, .„ =3 5V
T, = 2S'"C

,h VB=2.4V
500 750 ucd

Vb, Clock or Data Input Threshold High V,H
V, ( pVi-oi -4.75V

2.0 V
Vb, Clock or Data Input Threshold Low Vi: 8 V
Input Current Logical 1 Vb. CIock 1.11

V 5 25V. V,„ - 2 4V
20 80 mA

Data In "ill 10 40 *-A

Input Current Logical Va.Clock U,

V, , = 5.25V. V„ s 04V
-500 -800 CA

Data in hi -250 -400 M*

Data Out Voltage
V,„i V,, -4.75V. I,,„ = -0.5mA. V,„-0V 2.4 34 V

v,„ Vti = 4.75V. I.u -1.6mA. Vna = 0V 02 4 V

Power Dissipation Per Package" Pi.
V,, =5.0V. Vera = 2.75V,

15 LEDs on per character, V« = 2.4V
0.68 w

Peak Wavelength Ap| a k 583 nm
Dominant Wavelength 1 " A. 585 nm

'All typical values specified ai Vcc - 5.0V and T A = 25°C unless otherwise noted.

"Power dissipation per package with 4 characters illuminated.

NOTES; 1 Maximum absolute dissipation is with the device In a socket having a thermal resistance from pins to ambient of 35°C/watt/device.

2 The device shuuld be deraied linearly above 25"C at 16mvW*C (see Electrical Description on page 3)

3 The cna'acters are categorized for Luminous Intensity and color with the category designatec by a letter code on the bottom of the
package.

4 T| re'ers to the initial case temperature of the device immediately prior to the light measurement.
5 Dom nam wavelength a,j. is derived from the CIE chromaticity diagram, and represents the single wavelength which defines the color

of the devico

6. Maximum allowable aissipaiion is derived 'rom Vrt - * V„ - VnH 5 25 Volts. 20 LEDs on per character

7. The luminous stearance of the LED may be calculated usjng the following relationships:

L. (Lux) = \% (Candela)/A (Metre) 1

Lt (Footlamberts) - rrl, (Candeia)/A (Fool)*'

A = 8.02 x 10-8 M2 = 8.64 x 10"7
I
Foot 2
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DATA IN 1.6V

Parameter Condition Min. Typ. Max. Units

fclock

CLOCK Rate 3 MHz

tpLH, tpHL

Propagation
delay CLOCK
to DATA OUT

Cl = 15pF
Ri=2.4Kn 125 ns

Figure 1. Switching Characteristic*. (Vqc = 5V.

TA = -20°Cto+70°C)

Mechanical and
Thermal considerations
The HDSP-2001 is available in a standard 12 lead ceramic-
glass dual in-line package. It is designed for plugging into

DIP sockets or soldering into PC boards. The packages
may be horizontally or vertically stacked tor character
arrays of any desired size.

The HDSP-2001 can be operated over a wide range of

temperature and supply voltages. Full power operation at

TA = 25°C (Vcc = VB = Van. = 5.25V) is possible by
providing a total thermal resistance from the seating plane
of the pins to ambient of 35°C/W/device maximum. For

operation above TA = 25°C, the maximum device
dissipation should be derated above 25°C at 16mW/°C
(see Figure 2). Power derating can be achieved by either

decreasing Vcoi or decreasing the average drive current

through pulse width modulation of VB .

The HDSP-2001 display has an integral untinted glass

lens. A front panel contrast filter is desirable in most actual

display applications. Some suggested filters are Panel-

graphic Gray 10. SGL Homalite H100-1266 Gray and 3M
Light Control Film (louvered filters).

Post solder cleaning may be accomplished using water.
Freon/alcohol mixtures formulated for vapor cleaning

processing (up to 2 minutes in vapors at Boiling) or

Freon/alcohol mixtures formulated for room temperature
cleaning. Suggested solvents: Freon TF, Freon TE,
Genesolv DI-15. Genesolv DE-15.

Electrical Description
The HDSP-2001 four character alphanumeric display has
been designed to allow the user maximum flexibility in

interface electronics design. Each four character display

module features Data In and Data Out terminals arrayed
for easy PC board interconnection such that display

strings of up to 80 digits may be driven from a single

character generator. Data Out represents the output of the
7th bit of digit number 4 shift register. Shift register

clocking occurs on the high to low transition of the Clock
input. The like columns of each character in a display
cluster are tied to a single pin. Figure 5 is the block

diagram for the HDSP-2001. High true data in the shift

register enables the output current mirror driver stage
associated with each row of LEDs in the 5x7 diode array.

The reference current for the current mirror is generated
from the output voltage of the V„ input buffer applied
across the resistor R. The TTL compatible V n input may
either be tied to VCc for maximum display intensity or pulse
width modulated to achieve intensity control and
reduction in power consumption.

The normal mode of operation is depicted in the block

diagram of Figure 6. In this circuit, binary input data for

digit 4, column 1 is decoded by the 7 line output ROM and
then loaded into the 7 on board shift register locations 1

through 7 through a parallel-in-serial-out shift register.

Column 1 data for digits 3, 2 and 1 is similarly decoded and
shifted into the display shift register locations. The
column 1 input is now enabled for an appropriate period of

time, T. A similar process is repeated for columns 2, 3, 4

and 5. If the time necessary to decode and load data into

the shift register is t, then with 5 columns, each column of

the display is operating at a duty factor of:

T

D.F. = 5(t+T)

The time frame, t + T, allotted to each column of the

display is generally chosen to provide the maximum duty
factor consistent with the minimum refresh rate necessary

(E" 2.0
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;§
3 O

OS
3

-20 *20 +40 *60 *B0 MQ0

XA - AMBIENT TEMPERATURE - "C

Figure 2. Maximum Allowable Power
Dissipation vs. Temperature.
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lo achieve a flicker free display. For most strobed display

systems, each column of the display should be refreshed

(turned on) at a minimum rate of 100 times per second.

With 5 columns to be addressed, this refresh rate then
gives a value for the time t + T of:

1/[5 x (100)1 = 2 msec.

If the device is operated at 3.0 MHz clock rate maximum, it

is possible to maintain t <? T. For short display strings, the

duty factor will then approach 20%. For longer display

strings operation at column duty factors of less than 10%
will still provide adequate display intensity in most

applications. For further applications information, refer to

HP Application Note 1001.

Figure 5. Block Diagram of the HDSP-2001.

INTERNAL
CONNECTION

IDO NOT CONNECT!

CLOCK tN

7 BIT

»ARALLEUN
SERIAL OUT

SHIFT
REGISTER

t/N COUNTER
CLOCK N l»i OF DIGITS

IN DISPLAY
STRING

KETRESX
MEMORY

.

ASCII DATA IN

COLUMN COLUMN
I

"ATA ,,_i SELECT

\\
°UT «otuW ""'" '*

]' CHARACTERGENERATOR

^

COLUMN SULCI
COUNTED

tWUTS

I.-5OECO0CB IKA6LC

)ATA CLOCK IN DATft
"* HOSP-2001 0UT

COLJMN StltCT WUTi—

-

Figure G. Block Diagram of a Basic Display System.
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m HEWLETT
PACKARD

FOUR CHARACTER
RED ALPHANUMERIC

DISPLAY FOR EXTENDED
TEMPERATURE APPLICATIONS

HDSP-2010

TECHNICAL DATA MARCH 1980

Features
• OPERATION GUARANTEED TO TA = -40°

C

• HERMETICITY GUARANTEED
TXV Screening Available

• 100% TEMPERATURE CYCLED
-55°Cto+100°C

• GOLD PLATED LEADS
• INTEGRATED SHIFT REGISTERS WITH
CONSTANT CURRENT DRIVERS

• CERAMIC 7.62mm (.3 in.) DIP
Integral Red Glass Contrast Filter

• WIDE VIEWING ANGLE
• END STACKABLE 4 CHARACTER PACKAGE
• PIN ECONOMY
12 Pins for 4 Characters

• TTL COMPATIBLE

•5x7 LED MATRIX DISPLAYS FULL ASCII
CODE

• RUGGED, LONG OPERATING LIFE

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Ease ol Package to

Package Brightness Matching

Package Dimensions

Description
The HP HDSP-2010 display is designed lor use in

applications requiring high reliability. The character font

is a 3.8mm (0.15 inch) 5 x 7 red LED array for displaying

alphanumeric information. The device is available in 4
character clusters and is packaged in a 12-pin dual-in-line

type package. An on-board SIPO (serial-in-parallel-out)

7-bit shift register associated with each digit controls
constant current LED row drivers. Full character display is

achieved by external column strobing. The constant
current LED drivers are externally programmable and
typically capable of sinking 13.5mA peak per diode.

Applications include interactive I/O terminals, avionics,

portable telecommunications gear, and hand held

equipment requiring alphanumeric displays.
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Absolute Maximum Ratings
Supply Voltage Vcc to Ground -0.5V to 6.0V

Inputs, Data Out and Vi -0.5V to Vcc

Column Input Voltage. Vcoi. -0.5V to +6.0V

Free Air Operating Temperature
Range. TA'-'. -40°C to +70°C

Storage Temperature Range, Ts -55° C to 1 100°C

Maximum Allowable Package Dissipation

atT,, = 25 C"' :'°' 1.70 Watts

Maximum Solder Temperature 1.59mm (.063")

Below Seating Plane t<5 sees 260°C

Recommended Operating Conditions

Parameter Symbol Mln. Norn. Max. Units

Supply Vo tage Vex 4.75 5.0 5.25 V

Dala Oui Curreni, Low Stale I... 1.6 mA
Data Out Current, HighStaie I OH -0.5 mA
Column Input Voltage, Column On , V,„L 2.6 v« V

Setup Time twlup 70 45 ns •

Hold Time thoI<1 30 ns

Width of Clock UfClMkl 75 ns

Clock Frecuency ',:,*. 3 MHz
Clock Trarsition Time tun 200 ns

Free Air Operating Temperature Range T* -40 70 "C

Electrical Characteristics Over operating Temperature Range
(Unless otherwise specified.)

Description Symbol Test Conditions Mln. Typ* Max. Units

Supply Current ice

Vcc » 5.25V

VcLOCK = VDATA = 2.4V
All SR Stages =
Logical i

Vb = 0.4V 45 60 mA

Vb=2.4V 73 95 mA

Column Current at any Column Input ICOL
Vcc 5.25V

Vcol - 3.5V

All SR Stages = Logical 1

Vb = 0.4V 1.5 mA

Column Current at any Column Input ICOL Vb = 2.4V 350 435 mA :

:

Peak Luminous Intensity per LED' 3 '7

(Character Average

i

IvPEAK
Vco = 5.0V, Vcoi = 3.5V

Ti=25'>CI*l VB = 2.4V
105 200 ficd

Vs. Clock or Data Input Threshold High V|H

Vcc = VcOL = 4.75V

2.0 V
Ve. Data Input Threshold Low VlL 0.8 V

Clock Threshold Low V* 0.6 V

Input Current Logical 1 Vb. Clock llH
Vcc - 5.25V, ViH - 2.4V

20 80 «A

Data In llH 10 40 «A

Input Current Logical Vb,. Clock Ik
Vcc = 5.25V, Vil = 0.4V

-500 -800 wA
Data In lit. -250 -400 *A

Data Out Voltage
VOH Vcc = 4.75V. Ioh = -0.5mA, Vcol = 0V 2.4 3.4 V

Vol Vcc = 4.75V, Iol = 1.6mA, Vcol =0V 0.2 0.4 V

Power Dissipation Per Package" Po
Vcc = 5.0V. Vcol = 2.6V.

15 LEDs on per character, Vb = 2.4V
0.66 w

Peak Wavelength ApEAK 655 nm
Dominant Wavelength 151 Aa 640 nm
LeaK Rate - 5x 10-' cc/s

"All typical values specified at Vcc 50V and TA - 25*C unless otherwise noted

"Power dlssipat on per package with 4 characters illuminated.

NOTES: V Maximum absolute dissipation is with the device in a socket having a thermal resistance from pins to ambient of 35°C/watt/device.

2. The device should be derated linearly above 25°C al l6mW/°C (see Electrical Description on page 3),

3 The characters are categorized for Luminous Intensity and color with the categoi / designated by a letter code on the bottom o' the

package.

4 Ti refers to the initial case temperature of me device immediately prior to the Itght measurement.

5 Dominant wavelength \.. is derived from the CIE chromaticity diagram, and represents the single wavelength wnich defines the color

of the device

6. Maximum allowable dissipation is denved from Vcc = VB = VCOL ~ 5.25 Volts. 20 LEDs or per character

7. The luminous stearance of the LED may be calculated using the following relationships:

Ly (LUX) = lv ;Candola:/A iMetre'Z

U (Footlambertsi trlv (CandelaVA > Foot :*

A = 5.3 x 10-8 M2 ^ 5,6 x 10-?
i Foot;2
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DATA IN 1.5V

Parameter Condition Min. Typ. Max. Units

fclocH

CLOCK Rate 3 MHz

tpLH. tpHL

Propagation
delay CLOCK
to DATA OUT

C = 15pF
R L=24Kn 125 ns

Figure 1. Switching Characteristics. (Vcc SV,

TA = -40°Cto+70"'C)

Mechanical and
Thermal Considerations
TheHDSP-2010 is available inastandard 12 lead ceramic-

glass dual in-line package. It is designed tor plugging into

DIP sockets or soldering into PC boards. The packages
may be horizontally or vertically stacked for character

arrays of any desired size.

The HDSP-2010 can be operated over a wide range of

temperature and supply voltages. Full power operation at

Ta = 25°C (Vcc = Vb = Vcol = 5.25V) is possible by

providing a total thermal resistance from the seating plane

of the pins to ambient of 35°C/W/device maximum. For

operation above Ta = 25°C, the maximum device

dissipation should be derated above 25°C at 16mW/°C
(see Figure 2). Power derating can be achieved by either

decreasing Vcol or decreasing the average drive current

through pulse width modulation of Vb.

The HDSP-2010 display has an integral red glass lens. A
front panel contrast filter is desirable in most actual

display applications. Some suggested filters are Panel

graphic Ruby Red 60. SGL Homalite H100-1605 Red and

3M Light Control Film (louvered filters). OCLI Sungard
optically coated glass filters offer superior contrast

enhancement.

Post solder cleaning may be accomplished using water.

Freon/alcohol mixtures formulated for vapor cleaning

processing (up to 2 minutes in vapors at boiling) or

Freon/alcohol mixtures formulated for room temperature

cleaning. Suggested solvents: Freon TF, Freon TE,

Genesolv DI-15. Genesolv DE-15.

Electrical Description
The HDSP-2010 display provides on-board storage of

decoded column data and constant current sinking row
drivers for each of 28 rows in the 4 character display. The
device consists of four LED matrices and two integrated

circuits that form a 28-bit serial Input-parallel output

(SIPO; shift register, see Figure 5. Each character is a

5x7 diode array arranged with the cathodes of each row
connected to one constant current sinking output of the

SIPO shift register. The anodes of each column are

connected together, with the same column of each of the

4 characters connected together (I.e. column 1 of all four

characters are connected to pin 1). Any LED within any

character may be addressed by shifting data to the

appropriate shift register location and applying a voltage

to the appropriate column.

Associated with each shift register location is a constant

current sinking LED driver, capable of sinking a nominal

13.5 mA. A logical 1 loaded into a shift register location

enables the current source at that location. A voltage

applied to the appropriate column input turns on the

desired LED.

The display is column strobed on a 1 of 5 basis by loading

7 bits of row data per character for a selected column. The

data is shifted through the SIPO shift register, one bit

location for each hlgh-to-low transition of the clock. When
the HDSP-2010 display is operated with pin 1 in the lower

left hand corner, the first bit that Is loaded into the SIPO
shift register will be the information for row 7 of the right

most character. The 28th bit loaded into the SIPO shift

register will be the information for row 1 of the left most

character. When the 28 bits of row data for column 1 have

been loaded into the SIPO shift register, the first column is

energized for a time period. T. illuminating column 1 in all

four characters. Column 1 is turned off and the process is

repeated for columns 2 through 5.
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SERIAL
DECOOCO
OAIA
INPUT

BRIGHTNESS
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28 BIT SIPO SHIFT
REGISTER

DATA LOCATIONS
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LED

MATRIX
1

LED
MATRIX

2

LED
MATRIX

3

LCD
MATRIX

4

^ffiTBT
COLUMN ORIVE INPUTS

Figure S. Block Diagram of lha HDSP-2010 Display

Knowing the time period, t, to load the data into the

display, the LED on time duty factor, DF, may be

determined

DF =
T

The time frame allotted per column is (t + T) and the

minimum recommended refresh rate for a flicker free

display is 100 Hz, so that {t + T) < 2 ms. If the display is

operated at the 3 MHz maximum clock rate, it is possible to

maintain t« T. Fordisplay strings of 24characters or less,

the LED on time DF will be approximately 19.4%. For

longer display strings, operation of the display with DF
approximately 10% will provide adequate light output for

indoor applications.

The 28th stage of the SIPO shift register is connected to

the Data Output, which is designed to interface directly to

the Data Input of the next HDSP-2010 in the display string.

The Vb input may be used to control the apparent

brightness of the display. A logic high applied to the Vb
input enables the display to be turned ON, and a logic low

blanks the display by disabling the constant current LED
drivers. Therefore, the time average luminous intensity of

the display can be varied by pulse width modulation of Vb.

For application and drive circuit information refer to HP
Application Notes 966 and 1001.

High Reliability Test Program
Hewlett-Packard provides standard high reliability test

programs in order to facilitate the use of HP products in

military programs. The TXV prefix identifies a part which

has been preconditioned and screened per Table 1.

PART NUMBER SYSTEM

5(t+T)

Standard Product With TXV Screening

HDSP-2010 TXV-2010

TABLE 1. TXV Preconditioning and Screening — 100%

Examination or Teat

MIL-STO-B83
Methods Conditions

1. Internal Visual Inspection OED Procedure

2. High Temperature Storage 1008 100° C, 24Hrs.

3. Temperature Cycling 1010 -S5°C to + 100°C. 10 Cycles

4. Constant Acceleration 2001 2.000 G's. Yi Orientation

5. Fine Leak 1014 Condition A

6. Gross Leak 1014 Condition C, Inspect at 100°C

7. Electrical Test:

(IV, ICC, ICOL. IlL. llH,

Voh. Vol!

8. Burn-In 1015 TA = 70° C, t = 168 hrs. PD = -9W Max

9. Electrical Test:

(lv, Ice, Icol. IlL, llH,

Voh. Vol)

10. External Visual 2009
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(VI
HEWLETT
PACKARD

5X7 DOT MATRIX
ALPHANUMERIC
DISPLAY SYSTEM

HDSP-2416

H0SP-Z424

HDSP-2432

HDSP-2440

HOSP-2470

HDSP-2471

HDSP-2472

TECHNICAL DATA MARCH 1980

Features

• COMPLETE ALPHANUMERIC DISPLAY SYSTEM
UTILIZING THE HDSP-2000 DISPLAY

• CHOICE OF 64, 128, OR USER DEFINED ASCII
CHARACTER SET

• CHOICE OF 16, 24, 32, or 40 ELEMENT
DISPLAY PANEL

• MULTIPLE DATA ENTRY FORMATS —
Left, Right, RAM, or Block Entry

• EDITING FEATURES THAT INCLUDE CURSOR,
BACKSPACE, FORWARDSPACE, INSERT,
DELETE, AND CLEAR

• DATA OUTPUT CAPABILITY

• SINGLE 5.0 VOLT POWER SUPPLY

• TTL COMPATIBLE

• EASILY INTERFACED TO A KEYBOARD OR
A MICROPROCESSOR

Description

The HDSP-24XX series ol alphanumeric display systems

provides the user with a completely supported 5x7 dot

matrix display panel. These products free the user's

system from display maintenance and minimize the

interaction normally required for alphanumeric displays.

Each alphanumeric display system is composed of two

component parts:

1

.

An alphanumeric display controller which consists of a

preprogrammed microprocessor plus associated logic,

which provides decode, memory, and drive signals

necessary to properly interface a user's system to an

HDSP-2000 display. In addition to these basic display

support operations, the controller accepts data in any
of four data entry formats and incorporates several

powerful editing routines.

2. A display panel which consists of HDSP-2000 displays

matched for luminous intensity and mounted on a P.C.

board designed to have low thermal resistance.

These alphanumeric display systems are attractive for

applications such as data entry terminals, instrumen-

tation, electronic typewriters, and other products which

require an easy to use 5x7 dot matrix alphanumeric

display system.
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PART NUMBER DESCRIPTION

Display Boards

HDSP-2416 Single-line 16 character display panel

utilizing the HDSP-2000 display

HDSP-2424 Single-line 24 character display panel

utilizing the HDSP-2000 display

HDSP-2432 Single-line 32 character display panel

utilizing the HDSP-2000 display

HDSP-2440 Single-line 40 character display panel

utilizing the HDSP-2000 display

Controller Boards

HDSP-2470 HDSP-2000 display interface incorporating

a 64 character ASCII decoder

HDSP-2471 HDSP-2000 display interface incorporating

a 128 character ASCII decoder

HDSP-2472 HDSP-2000 display interface without

ASCII decoder. Instead, a 24 pin socket

is provided to accept a custom 128 char-

acter set from a user programmed 1K x 8

PROM.

When ordering, specify one each of the Controller Board and the

Display Board for each complete system.
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HDSP-2470/-2471/-2472

Absolute Maximum Ratings

Vcc -0.5V to 6.0V

Operating Temperature Range,

Ambient (Ta) 0°Cto70°C

Storage Temperature Range (Ts) -55°C to 100°C

Voltage Applied to any Input or Output . . -0.5V to 6.0V

Isource Continuous for any Column
Driver 5.0 Amps (60 sec. max. duration!

Recommended
Operating Conditions

Parameter Symbol Min. Max. Units

Supply Voltage Vcc 4.75 5.25 V

Data Out
lOL 0.4 mA

IOH -20 mA

Ready, Data Valid,

Column On, Display

Data

lot 1.6 mA

lOH -40 mA

Clock
lOL 10.0 mA

lOH -1.0 mA

Columm-s Isource -5.0 A

Electrical Characteristics Over Operating Temperature Range
'Unless otherwise specified!

Parameter Symbol Mln. Typ. Max. Units Conditions

Supply Current 111 Ice 400 mA Vcc = 5.25V Column On and All

Outputs Open

Input Threshold High (except Reset}

Input Threshold High — Reset 2

Input Threshold Low — All Inputs

VlH 2.0 V Vcc = 5.0V - 25V

VlH 3.0 V Vcc = 5.0V t .25V

VlL 0.8 V Vcc = 5.0V ± .25V

Data Out Voltage
VoHData 2.4 V lOH = -20/iA Vcc = 4.75V

VoLData 0.5 V lOL = 0.4mA Vcc = 4.75V

Clock Output Voltage
VoHCIk 2.4 V lOH = -1000pA Vcc = 4.75V

VoLCIk 0.5 •kV lOL = 10.0mA Vcc = 4.75V

Ready. Display Data. Data Valid,

Column on Output Voltage
VOH 2.4 V lOH = -40/.A Vcc = 4.75V

Vol 0.5 V l0L = 1.6mA Vcc = 4.75V

Input Current, 131
All Inputs Except

Reset, Chip Select, D7
Iih -0,3 mA VlH = 2.4V Vcc - 5.25V

lit -0.6 mA Vil = 0.5V Vcc = 5.25V

Reset Input Current Iih -0.3 mA Vih = 3.0V Vcc = 5.25V

ill- -0.6 mA Vil = 0.5V Vcc = 5.25V

Chip Selec:, D7 Input Current ll -10 +10 /.A < Vi < Vcc

Column Output Voltage VolCOL 2.6 3.2 V louT = -5.0A Vcc = 5.00V

NOTES:
I.See Figure 11 for total system supply current.

2. External reset may be initiated by grounding Reset with either a switch or open collector TTL gate for a minimum time of

50ms. For Power On Reset to function properly, Vcc power supply should turn on at a rate > 100V/s.

3. Momentary peak surge currents may exist on these lines. However, these momentary currents will not interfere with

proper operation of the HDSP-2470/1/2,
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HDSP-2416/-2424/-2432/-2440

Absolute Maximum Ratings

Supply Voltage Vcc to Ground -0.5V to 6.0V

Inputs. Data Out and Vb -0.5V to Vcc

Column Input Voltage, Vcol -0.5V to +6.0V

Free Air Operating Temperature
Range, Ta' 1

' 0°C to ^55°C

Storage Temperature Range, Ts -55°C to +100°

C

Recommended
operating conditions

Parameter Symbol Mln. Norm. Max. Units

Supply Voltage Vcc 4.75 5.0 5.25 V

Column Input

Voltage. Column On Vcol 2 6 V

Setup Time tSETUP 70 45 ns

Hold Time tHOLD 30 ns

Width of Clock tW(CLOCK) 75 ns

Clock Frequency fCLOCK 3 MHz

Clock Transition

Time tTHL 200 ns

Free Air Operating'
1

Temperature Range Ta 55 •c

Electrical Characteristics Over operating Temperature Range
(Unless otherwise specified

1

Parame tar Symbol Mln. Typ.* Max. Units Conditions

Supply Current

Ice

45n 60nl2l mA Vcc = 5.25V

VcLOCK=VoATA=2.4V
All SR Stages =
Logical 1

Vb = 0.4V

73n 95n mA VB = 2.4V

Column Current at any Column Input

'COL 1.5n mA Vcc = Vcol = 5.25V
All SR Stages =

Logical 1

Vb = 0.4V

ICOL 335n 410n mA Vb = 2.4V

Peak Luminous Intensity per LED
1

(Character Average IV PEAK 105 200 :iCd

Vcc = 5.0V, Vcol = 3.5V

Tj = 25°C 3 l. VB = 2.4V

Vb, Clock or Data Input Threshold High VlH 2.0 V
Vcc = Vcol = 4.75V

Vb, Clock or Data Input Threshold Low VlL 0.8 V

Input Current Logical i Vb, Clock llH 80 „A
Vcc = 5.25V. Vih = 2.4V

Data In llH 40 *A

Input Current Logical Vb. Clock IlL -500 -800 M*
Vcc = 5.25V, Vil = 0.4V

Data In III -250 -400 „A

Power Dissipation Per Board'4 ! Pd 0.66n W Vcc = 5.0V. VCOL = 2.6V

15 LED's on per Character,

Ve = 2.4V

"All typical values specified at Vcc = 5.0V and Ta = 25°C unless otherwise noted.

NOTES:
1

.

Operation above 55° C (
70° C MAX ) may be achieved by the use of forced air ( 1 50 fpm normal to component side of

HDSP-247X controller board at sea level
: . Operation down to -20° C is possible in applications that do not require the

use of HDSP-2470/-2471/-2472 controller boards.

2. n = number of HDSP-2000 packages
HDSP-2416 n=4
HDSP-2424 n = 6

HDSP-2432 n = 8

HDSP-2440 n = 10

3. T] refers to initial case temperature immediately prior to the light measurement.

4. Power dissipation with all characters illuminated.
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System Overview

The HDSP-2470/-2471/-2472 Alphanumeric Display

Controllers provide the interface between any ASCII
based Alphanumeric System and the HDSP-2000
Alphanumeric Display. ASCII data is loaded into the

system by means ot any one of four data entry modes —
Left, Right, RAM or Block Entry. This ASCII data is stored

in the internal RAM memory of the system. The system
refreshes HDSP-2000 displays from 4 to 48 characters

with the decoded data.

The user interfaces to any of the systems through eight

DATA IN inputs, five ADDRESS inputs (RAM mode), a

CHIP SELECT input, RESET input, seven DATA OUT

outputs, a READY output. DATA VALID output, and a

COLUMN ON output. A low level on the RESET input

clears the display and initializes the system. A low level on

the CHIP SELECT input causes the system to load data

from the DATA IN and ADDRESS inputs into the system.

The controller outputs a status word, cursor address and
32 ASCII data characters through the DATA OUT outputs

and DATA VALID output during the time the system is

waiting to refresh the next column of the display. The
COLUMN ON output can be used to synchronize the

DATA OUT function. A block diagram for the HDSP-
2470/-2471/-2472 systems is shown in Figure 1.

DATA OUT -• f

V,, DISPLAY ^_
BLANKING

3
DRIVE
TRANS

DISPLAY
CONTROLLER

RESET »C

wo
DECODER

5 5

HAM ADDRESS /—• M
i .

i

i

i

-7

"\
1

1

1

.J

—
1

r
7

~f "

a

CHIP SELECT *C

PISO
>

READY -•
/

COLUMN 1-5

DISPLAY DATA

• CHARACTER GENERATOR FOR HOSP-2471.
SOCKET FOR IK X 8 PROM FOR HDSP 2472.

Figure 1. Block Diagram for Ihe HDSP-2470/-2471/-2472 Alphanumeric Display Controller.

The system interfaces to the HDSP-2000 display through

five COLUMN outputs, a CLOCK output, DISPLAY DATA
output, and the COLUMN ON output. The user should

connect DISPLAY DATA to DATA IN of the leftmost

HDSP-2000 cluster and cascade DATA OUT to DATA IN

of all HDSP-2000 clusters. COLUMN outputs from the

system are connected to the COLUMN inputs of all HDSP-
2000 clusters. The HDSP-24XX Series display boards are

designed to interconnect directly with the HDSP-247X
Series display controllers. The COLUMN outputs can
source enough current to drive up to 48 characters of the

HDSP-2000 display. Pulse width modulation of display

luminous intensity can be provided by connecting
COLUMN ON to the input of a monostable multivibrator

and the output of the monostable multivibrator to the Vb
inputs of the HDSP-2000 displays. The system is designed
to refresh the display at a fixed refresh rate of 100 Hz.

COLUMN ON time is optimized for each display length in

order to maximize light output as shown in Figure 2.

— -_

N\
,

N

s
s SHDSP va 1/2 372

H DSP 247(N S
s

S> S
s

1

1 I 1 I 1 i ? 2 4 23 3Z -i i
.1 1 4 1 4a

DISPLAY LENGTH

Figure 2. Column on Time va. Display Length for the

HDSP-2470/-2471/-2472 Alphanumeric Display Controller.
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Control Mode/Data Entry

User interface to the HDSP-247X Series controller is via an

8 bit word which provides to the controller eithera control

word or standard ASCII data input. In addition to this user

provided 8 bit word, two additional control lines, CHIP
SELECT and READY, allow easily generated "handshake"
signals for interface purposes.

A logic low applied to the CHIP SELECT input (minimum
six microseconds) causes the controller to read the 8

DATA IN lines and determine whether a control word or

ASCII data word is present, as determined by the logic

state of the most significant bit (D7). If the controller

detects a logic high at D7, the state of De-Do will define the

data entry mode and the number of alphanumeric

characters to be displayed.

The 8 bit control data word format is outlined in Figure 3.

For the control word (D7 high;, bits D6 and D5 define the

selected data entry mode | Left entry, Right entry, etc. ) and
bits D3 to Do define display length. Bit D4 is ignored.

Control word inputs are first checked to verify that the

control word is valid. The system ignores display lengths

greater than 1011 for left block or right, or 01 1 1 for RAM. If

the word is valid, the present state—next state table shown
in Figure 4 is utilized to determine whether or not to clear

the display. For display lengths of up to 32 characters,

RAM entry can be used as a powerful editing tool, or can

be used to preload the cursor. With other transitions, the

internal data memory is cleared.

CONTROL
WORD: D

7
D
6
D
5
D
4
D
3
D2Dl D

I XXHYTTY
V Y Y Y DISPLAY LENGTH:

4 DIGITS

1 8 "

1 12 "

1 1 16 "

1 20 "

1 1 24 "

1 1 28 "

1 1 1 32* "

1 36 "

1 1 40 "

1 1 44
1 1 1 48 "

•maximum for RAM data entry mode

X X DATA ENTRY MODES

1

1

1 1

RAM DATA ENTRY
LEFT DATA ENTRY
RIGHT DATA ENTRY
BLOCK DATA ENTRY

Figure 3. Control Word Format tor the HDSP-2470/-2471/-2472
Alphanumeric Display Controller.

ram entry mode is valid for displays of
32 characters or less in length,
following a transition from ram to
block. when the cursor address is 48

Mm) during the transition, the first
valid ascii character will be ignored
and the second valid ascii character
will be loaded in the left- most display
location.

WHERE BEGIN IS DEFINED AS FOLLOWS:

DISPLAY CURSOR AOORESS
LENGTH OF BEGIN

4 2C,,,44,

8 28,6.40,0

12 24,6.38,

IB 20,6.32,0

20 1C,6.28,o

24 '8,6.24,0

28 14,«.20,o
32 10,,. 1B,o

38 °C,6.'2,0

40 0B,a . 8,o
44 04,,, 4„
48 00,.

Figure 4. Present State-Next State Diagram tor the HDSP-2470/-2471/-2472 Alphanumeric Display Controller.
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II D7 is a logic low when the DATA IN lines are read, the

controller will interpret De-Do as standard ASCII data to be

stored, decoded and displayed. The system accepts seven

bit ASCII for all three versions. However, the HDSP-2470
system displays only the 64 character subset .'20-6

(spacei to 5Fie L)l and ignores all ASCII characters

outside this subset with the exception of those characters

defined as display commands. These display commands
are shown in Figure 5. Displayed character sets for the

HDSP-2470/-2471 systems are shown in Figure 6.

DATA WORD: °7 D
6 °3 B

4
D
3
D
2

D
1

D
o

ASCII ASSIGNMENT
|

|
A A A A A A

*l
DISPLAY COMMAND

V.lid In

IF 1) 1 1 CLEAR Right Entry

BS 1 BACKSPACE CURSOR Modf

HT 1 1 EORWARDSPACE CURSOR

US 1 1 1 1 1 INSERT CHARACTER
DEL 1 1 1 1 1 1 1 DELETE CHARACTER

Valid in

L«H Entry
Mode

Figure 5. Display Commands for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller.

1. 1 1 1. M»ow^

126 CHARACTER ASCII SET
(HDSP-24711

64 CHARACTER ASCII SUBSET
(HDSP-24701

»'-*5 m m a
J::: i^ «"•; ;.

:•; • immmz zmhz mmmm t'''~2 §••-- %•*
iS5 Ha ...-

... :..-

MS .:; :^; !

= .

:•:=

itfeSi : "»i

:?"s

Et &;. | : i £-1 IS

I

"
: m~.---'4

•DISPLAV COMMANDSWHEN USED IN LEFT ENTRY

-DISPLAY COMMANDSWHEN USED IN RIGHT ENTRY

Figure 6. Display Font lor the HDSP-2470 (64 Character ASCII Subset), and HDSP-2471 (128 Character ASCII Set) Alphanumeric

Display Controller.
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Regardless of whether a control word or ASCII data word
is presented by the user, a READY signal is generated by"

the controller after the input word is processed. This

READY signal goes low for 25ms and upon a positive

transition, a new CHIP SELECT may be accepted by the

controller. Data Entry Timing is shown in Figure 7.

DATA ENTRY TIMING

SAW ADDRESS

CHIP SELECT

ADDRESS HOLD TIME- 3
- DATA HOLO TIME-

u
DATA ENTRY TIME -2.5m'

J»IFwr.,
I AFTER THIS TIME

>. out H CONTROLLER WIL

CHIP SELECT -0

ENTER NEXT CHARACTER.

MAXIMUM DATA ENTRY TIMES OVER OPERATING TEMPERATURE RANGE

DATA ENTRY MODE FUNCTION

HDSP- DATA HOLD TIME'
DATA
ENTRY

BACK
SPACE CLEAR

FORWARD
SPACE DELETE INSERT

LEFT (2471/2)

LEFT (2470)

135ms

150ms

235ms

245ms

195ms

215ms

505ms

530ms

205ms

225ms

725ms

745ms

725ms

735ms

RIGHT (2471/2)

RIGHT (2470) 105»is

480ms

490ms

470ms

490ms

465ms

485ms

RAM (2471/2)

RAM (2470)

55ms

55ms

120ms"
130ms"

190ms

200ms

BLOCK (2471/2)

BLOCK (2470)

55ajs

55ms

120ms

130ms

(155ms FOR RIGHTMOST CHARACTER)
(165ms FOR RIGHTMOST CHARACTER)

LOAD CONTROL (2471/2)

LOAD CONTROL (2470)

50ms

50ms

505ms

505ms

•Minimum time that data inputs must remain valid after Chip Select goes low.

"Minimum time that RAM address inputs must remain valid after Chip Select goes low.

Figure 7. Data Entry Timing and Data Entry Timet for the HDSP-2470/-2471/-2472 Alphanumeric Display Conlroller.
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Left Entry Mode

With Left entry, characters are entered in typewriter

fashion, i.e., to the right of all previous characters. Left

entry uses a blinking cursor to indicate the location where

the next character is to be entered. CLEAR loads the

display with spaces and resets the cursor to the leftmost

display location. BACKSPACE and FORWARDSPACE
move the cursor without changing the character string.

Thus, the user can backspace to the character to be

edited, enter a character and then forward space the

cursor. The DELETE function deletes the displayed

character at the cursor location and then shifts the

character siring following the cursor one location to the

left to fill the void of the deleted character. The INSERT
CHARACTER sets a flag inside the system that causes

subsequent ASCII characters to be inserted to the left of

the character at the cursor location. As new characters are

entered, the cursor, the character at the cursor, and all

characters to the right of the cursor are shifted one

location to the right. The INSERT function is terminated

by a second INSERT CHARACTER, or by BACKSPACE,
FORWARDSPACE, CLEAR or DELETE. In Left entry

mode, after the display is filled, the system ignores all

characters except BACKSPACE and CLEAR. The system

allows the cursor to be positioned only in the region

between the leftmost display character and immediately

to the right (offscreen ) of the rightmost display character.

Right Entry Mode

In Right entry mode, characters are entered at the right

hand side of the display and shifted to the left as new
characters are entered. In this mode, the system stores 48

ASCII characters, although only the last characters

entered are displayed. CLEAR loads the display with

spaces. BACKSPACE shifts the display one location to the

right, deleting the last character entered and displaying

the next character In the 48 character buffer. Right entry

mode is a simple means to implement the walking or

"Times-Square" display. FORWARDSPACE, INSERT,

and DELETE have character assignments in this mode
since they are not treated as editing characters. In this

mode, the cursor is located immediately to the right

(offscreen) of the rightmost displayed character.

Block Entry Mode

Block entry allows the fastest data entry rate of all four

modes. In this mode, characters are loaded from left to

right as with Left entry. However, with Block entry, after

the display is completely loaded, the next ASCI I character

is loaded in the leftmost display location, replacing the

previous displayed character. While Block entry has a

nonvisible cursor, the cursor is always loaded with the

address of :he next character to be entered. In this entry

mode, the system can display the complete 128 character

ASCII set. The display can be cleared and the cursor reset

to the leftmost display location by loading in a new
BLOCK control word.

RAM Entry Mode

In RAM entry, ASCII characters are loaded at the address

specified by the five bit RAM address. Due to the limitation

of only five address lines, RAM data entry is allowed only

for displays less than or equal to 32 characters.

Regardless of display length, address 00 is the leftmost

display character. Out of range RAM addresses are

ignored. While RAM entry has a non-visible cursor, the

cursor is always preloaded with the address to the right of

the last character entered. This allows the cursor to be

preloaded with an address prior to going into any other

entry mode. In RAM entry, the system can display the

complete 128 character ASCII set because it does not

interpret any of the characters as control functions. The

display can be cleared by loading in a new RAM control

word.

Data Out

For display lengths of 32 characters or less, the data

stored in the internal RAM is available to the user during

the time between display refresh cycles. The system

outputs a STATUS WORD, CURSOR ADDRESS, and 32

ASCII data characters. The STATUS WORD specifies the

data entry mode and the display length of the system. The

STATUS WORD output differs slightly from the CON-
TROL WORD input. This difference is depicted in Figure 8.

Regardless of display length, the CURSOR ADDRESS of

the rightmost character location is address 47 (2Fi6) and

the offscreen address of the cursor is address 48 (30ie).

The CURSOR ADDRESS of the leftmost location Is

defined as address 48 minus the display length. A general

formula for CURSOR ADDRESS is:

CURSOR ADDRESS =

;47 - Display Length! - Number of Characters from Left.

For example, suppose the alphanumeric display is 16

characters long and the cursor was blinking at the third

digit from the left. Then the CURSOR ADDRESS would be

47 - 16 + 3 or 34 (22i6; and the 18th ASCII data word would

correspond to the ASCII character at the location of the

display cursor. In Left and Block entry, the CURSOR
ADDRESS specifies the location where the next ASCII

data character is to be entered. In RAM entry, the

CURSOR ADDRESS specifies the location to the right of

the last character entered. In Right entry, the CURSOR
ADDRESS is always 48 (30i6h The negative edge of the

DATA VALID output can be used to load the 34 DATA
OUT words into the user's system. The DATA OUT timing

for the HDSP-247X systems are summarized in Figure 8.

For displays longer than 32 characters, the system only

outputs the STATUS WORD between refresh cycles.

Master/Power On Reset

When power is first applied to the system, the system

clears the display and tests the state of the DATA INPUT,

D7. If D7 > 2.0V, the systems loads the control word on the

DATA INPUTS Into the system. If D7 S .8V or the system

sees an invalid control word, the system initializes as Left

entry for a 32 character display with a flashing cursor in

the leftmost location. For POWER ON RESET to function

properly, the power supply must turn on at a rate > 1 00 V/s.

In addition, the system can be reset by pulling the RESET
input low for a minimum of 50 milliseconds. POWER
ON/MASTER RESET timing is shown in Figure 9.
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_n_
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(O)

DATA
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DATA
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11-311

X. COLUMN OFF TIME
(HDSP-2470) 30.Siis * 20m X Display Length
IHDSP-2471/-2472I - 17.6|ii * !7.5us X Display Length

Y. DATA VALID TO COLUMN OFF TIME
(Display Length <32 Characters)

(HDSP2470I - 813.5«s - 2Cys X Display Length

(HOSP-2471 '-2472I = 8285»5 - 17.5ns X Display Length

STATUS WORD FORMAT (WORD A)
D8 Dj D« Dj Oj D, D

RAM ENTRY

BLOCK ENTRY

LEFT ENTRY
RIGHT ENTRY

YYYY - DISPLAY LENGTH

CURSOR ADDRESS FORMAT (WORD B]

CURSOR ADDRESS -
I 47 - Oilplay Length! •. No. of

Characters from Left

DATA WORD FORMAT (WORDS 0-31)

STANDARD ASCII DATA Where Word (31) Is Rightmost
Displayed ASCII Character

'-'

Y Y Y Y
•

1

'

Figure 8. Data Out Timing and Formal for the HDSP-2470/-2471/-2472 Alphanumeric Display Controller.

RESCT

OATAINPU T.D, //////////// ZZZXll

J ' -tun

2.5 nt'

IF CHIP SELECT -0
AFTER THIS TIME.
CONTROLLER WILL
ENTER A CHARACTER.

s READS IN CONTROL WORD

\INITIALIZES AS LEFT ENTRY
MODE, 32 CHARACTER DISPLAY
LENGTH

Figure 9. Power-On/Master Reael Timing lor the HDSP-2470/-2471/-2472 Alphanumeric Display Controller.
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Custom Character Sets

The HDSP-2472 system has been specifically designed to

permit the user to insert a custom 128 ASCI I character set.

This systen features a 24 pin socket that is designed to

accept a custom programmed 1K X8 PROM, EPROM, or

ROM. The read only memory should have an access time<

500ns, IilS |-.4mA! and Iih<40jiA. A list of pin compatible

read only memories is shown
.
in Figure 10. Jumper

locations are provided on the HDSP-2472 P.C. board

which allow the use of ROM's requiring chip enables tied

either to or 5V. For further information on ROM
programming, please contact the factory.

Power Supply Requirements

The HDSP-247X Alphanumeric Display System Is

designed to operate from a single 5 volt supply. Total Ice

requirements for the HDSP-247X Alphanumeric Display

Controller and HDSP-24XX Display Panel are shown in

Figure 1 1 . Peak Ice is the instantaneous current required

for thesysterr. Maximum Peak Ice occurs for Vcc=5.25V
with 7 dots ON in the same Column In all display

characters.
—
his current must be supplied by a

combination of the power supply and supply filter

capacitor. Maximum Average Ice occurs for Vcc = 5.25V

with 21 dots ON per character In all display characters.

The inclusion of a 375 X microfarad capacitor (where X is

the number of characters in the display I adjacent to the

HDSP-247X Alphanumeric Display System will permit the

use of a power supply capable of supplying the maximum
average Ice-

e

I

i
a

//
/

6

LPEAK :c- ALL SYSTEIy/ r—

AVC ice.

"HDSPzo/i/Jj^.J

-*
*AVG. Ice, HDSP-2470

—
1

4 8 12 16 20 24 28 32 38 40 44 48

DISPLAY LENGTH

Figure 11. Maximum Peak and Average lcc lor the HDSP-
2470/71/72 Alphanumeric Display Controller and HDSP-2000
Display.

CONNECTORS

FUNCTION
TYPE OF

CONNECTOR
SUGGESTED

MANUFACTURER
CONTROL/DATA

ENTRY
26 Pin

Ribbon Cable

3M P/N 3309-XOOO Series

POWER 1 "
3 Pin

W.Ui Locking

Ramp

Molex P/N 09-5O-3031 with

0M0-01O6 Terminals

Display

!

DRIVE"*

1 ,—,—,

17 Lead
Board to Board

Amp P/N 1-530500-7. alto

available in board lo cable

and other configurations

NOTES.
(1 1 Power leads should be 18-20 gauge stranded wire,

tffl The maximum lead length from the controller board to the

display should not exceed 1 metre

i3 , The suggested Amp connector is supplied with thecontroller.

EXTERNAL CONNECTION'

PART NUMBER MANUFACTURER TYPE CONSTRUCTION X Y z

2758 Intel EPROM NMOS GND GND +5

7608 Harris PROM BIPOLAR-NiCr NC NC NC

3628-4 Intel PROM BIPOLARSi 46 6 GND

82S2708 Signetics PROM BIPOLAR-NICr NC NC NC

6381 Monolithic Mem. PROM 8IPOLAR-NiCr +5 +6 GND

6385 Monolithic Mem. PROM BIPOLAR-NiCr NC NC NC

87S228 National PROM BIPOLAR-TiW +5 +6 GND

93451 Fairchild PROM BIPOLAR-NICr +5 +5 GND

68308 Motorola ROM NMOS • a NC NC

2607 Signetics ROM NMOS • • NC NC

30000 Mostek ROM NMOS • +6 NC

"Board jumpers correspond

to pins 18. 19 & 21 of ROM.

"As defined by customer

Figure 10. Pin Compatible 1K x 8 Read Only Memories for the HDSP-2472 Alphanumeric Display Controller.

Display Boards/Hardware

The mechanical layout of the HDSP-247X Series allows

direct mating of the controller P.C. board to a compatible

series of display beards available from Hewlett-Packard.

These display boards consist of matched and tested

HDSP-2000 clusters soldered to a P.C. board.

Included with the controller board are: 1 each Amp P/N 1-

530500-7 board to board connector, and 4 each locking

circuit board support nylon standoffs (Richco LCBS-4).

This hardware allows the controller board to interconnect

with any of the standard display boards. Figure 1 2 depicts

correct assembly technique.
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Assembly Steps

1. Insert the standoffs into .151 diameter holes (noted as
"S" on Figure 12. The long end of the standoffs should
protrude through the controller board side.

2. Position the controller board and display board with

the components and displays facing out. The HP logo

should be in the upper left corner when viewed facing

the boards. Insert the standoffs through the mating
holes on the display board and press the boards to-

gether so that the standoffs. lock in place.

3. After the standoffs are secured, the Amp connector

should be placed on the edge connect pads (marked
"A" through "O" Figure 12: at the top of the boards.
Visual alignment of this connector may be done on the
controller board by determining that the first connect-
or contact finger is centered on the pad labeled "A".

AMP Connector
(AMP p/n 1-530500-7)

MOLEX Connector
(MOLEX p/n 09-65-1031)

HDSP-2470/71/72
Controller Board

3M Connector
(3M p/n 3428-1002)

RICHCO Circuit Board Support

(RICHCO p/n LCBS-4)

HDSP-2416/24/32/40
Display Board

Figure 12. Assembly Drawing.
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. HEWLETT
'HM PACKARD

18 SEGMENT
SOLID STATE

ALPHANUMERIC
DISPLAY

HDSP-6300

TECHNICAL DATA MARCH 1980

Features

• ALPHANUMERIC
Displays 64 Character ASCII Set and

Special Characters

• 18 SEGMENT FONT INCLUDING CENTERED
D.P. AND COLON

• 3.56mm (0.140") CHARACTER HEIGHT

• APPLICATION FLEXIBILITY WITH
PACKAGE DESIGN
8 Character Dual-ln-Line Package
End Stackable

Sturdy Leads on 2.54mm (0.100") Centers

Common Cathode Configuration

• LOW POWER
As Low as 1.0-1.5mA Average

Per Segment Depending on Peak

Current Levels

• EXCELLENT CHARACTER APPEARANCE
Continuous Segment Font

High On/Off Contrast

5.08mm (0.200") Character Spacing
Excellent Character Alignment

Excellent Readability at 1.5 Metres

• SUPPORT ELECTRONICS
Can Be Driven With ROM Decoders and Drivers

Easy Interfacing With Microprocessors and
LSI Circuitry

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output From Unit

to Unit Within a Single Category

Description
The HDSP-6300 is an eighteen segment GaAsP red

alphanumeric display mounted in an 8 character dual-in-

line package configuration that permits mounting on PC
boards or in standard IC sockets. The monolithic light

emitting diode character is magnified by the integral lens

which increases both character size and luminous

intensity, thereby making low power consumption

possible. The eighteen segments consist of sixteen

segments for alphanumeric and special characters plus

centered decimal point and colon for good visual

aesthetics. Character spacing yields 5 characters per

inch.

Applications
These alphanumeric displays are attractive for applica-

tions such as computer peripherals and mobile terminals,

desk top calculators, in-plant control equipment, hand-
held instruments and other products requiring low power,

display compactness and alphanumeric display capa-

bility.
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Absolute Maximum Ratings

Symbol Parameter Min. Max. Units

IPEAK Peak Forward Current Per Segment
or OP (Duration < 417psi 1 50 mA

Iavg Average Current Per Segment or

DPI 1
) 6,25 mA

Pd Average Power Dissipation Per
'' Character H .21 133 mW

Ta Operating Temperature, Ambient -40 85 °C

Ts Storage Temperature -40 100 °C

Vp Reverse Voltage 5 V

Solder Temperature at 1.59mm
n/16 inch' below seating plane,

t < 5 Seconds 250 °c

NOTES:
1. Maximum

considers

2. Derate lin

allowed drive conditions tor strobed ope'ation are derived from Fgures 1 and 2. See electrical section ot operational

ions,

early above TA = 50°Cai 2.47 mW/°C. Po Max. T A = 85°C = 47 mW.

Electrical /Optical Characteristics at TA=25°C

Symbol Parameter Test Condition Min. Typ. Max. Units

Iv Luminous Intensity, Time
Average, Character Total with

16 Segments Illuminated (3- 4 !

Ipeak = 24mA
1/16 Duty Factor

400 1200 MCd

Vf Forward Voltage Per
Segment or DP

If = 24mA
(One Segment On) 1.6 1.9 V

APEAK Peak Wavelength 655 nm

Ad Dominant Wavelength (5) 640 nm

IR Reverse Current Per
Segment or DP Vr = 5V 10 mA

R9J-PIN Thermal Resistance LED
Junction-to-Pin per Character

250 °C/W/
Char.

NOTES:
3. The luminous intensity ratio between segments within a digit is designed so that each segment will have the same luminous

sterance Thus each segment will appear with equal brightness to the eye.

4. Operation at peak currents of less than 7mA is not recommended.
5. The dominant wavelengtn, \d, is derived from the CLE. chromaticity diagram and represents that single wavelength which defines

the color of the device, standard red.
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Figure 1, Maximum Allowed Peak Current vs. Pulse Duration . Derate derived

operating conditions above T^ 50 C using Figure 2.

Figure 2. Temperature Derating Factor

For Peak Current per Sagment vs.

Ambient Temperature. TjMAX=110 C
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For a Detailed Explanation on the Use of Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.

A5 A4

A3 A 2 Ai A

01 23456 789ABCDEF
1

1

1 1

PR3C]]ErGHIJKLMND
PQR5TUl/WXYZ[ \ IS i

! " f 5 as z ' <>* + /-./
D I S 3 4 5 E 1 B 9 : ; z - , ?

Figure 5. Typical 64 Character ASCII Set.

i RRHSGiag^fi
a D

r
v

>
Additional Character Font
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/

PIN 1

\

Cl

-ODaoaaDDDaDaa

aonDDpanac^DC

(.2061

U4.06 I .264

(.160 1 .010}

I-
PIN 14

Figure 6.

NOTES:
1. ALL DIMENSIONS IN MILLIMETRES AND 'INCHES!
2. ALL UNTOLERANCEO DIMENSIONS ARE FOR REFERENCE ONLY.
3. PIN 1 IDENTIFIED BV DOT ADJACENT TO LEAD.
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Magnified Character

Font Description

Device Pin Description

Figure 7.

Pin

No. Function

1 Anode Segment K
2 Anode Segment Di

3 Anode Segment C
4 Cathode Digit 1

5 Cathode Digit 2

6 Cathode Digit 3

7 Cathode Digit 4

8 Anode Segment L

9 Anode Segment Gj
10 Anode Segment E

11 Anode Segment M
12 Anode Segment D2
13 Anode Segment DP
14 Anode Segment A2

15 Anode Segment 1

16 Anode Segment J

17 Cathode Digit 8

18 Cathode Digit 7

19 Cathode Digit 6

20 Cathode Digit 5

21 Anode Segment Co
22 Anode Segment Gi
23 Anode Segment B

24 Anode Segment F

25 Anode Segment H
26 Anode Segment A

1

Operational Considerations

ELECTRICAL

The HDSP-6300 device utilizes large monolithic 18

segment GaAsP LED chips including centered decimal
point and colon. Like segments of each digit are

electrically interconnected to form an 18 by N array, where
N is the quantity of characters in the display. In the driving

scheme the decimal point or colon is treated as a separate

character with its own time frame. A detailed discussion of

character font capabilities. ASCII code to 18 segment
decoding, and display drive techniques will appear in a

forthcoming application note.

This display Is designed specifically for strobed

multiplexed! operation, with a minimum recommended
peak forward current per segment of 7.0 mA. Under
normal operating situations the maximum number of

illuminated segments needed to represent a given

character is 10. Therefore, except where noted, the

information presented in this data sheet is for a maximum
of 10 segments Illuminated per character.'

The typical forward voltage values, scaled from Figure 4.

should be used for calculating thecurrent limiting resistor

values and typical power dissipation. Expected maximum
Vf values for the purpose of driver circuit design may be
calculated using the following Vf model:

Vf = 1.85V + Ipeak (1.811)

For 30mA < Ipeak 5 150mA
Vf = 1.58V + Ipeak t10.7ll)

For 10mA < Ipeak 5 30mA

'More than 10 segments may be illuminated in a given character,

provided the maximum allowed characler power dissipation,

temperature derated, is not exceeded.
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OPTICAL AND CONTRAST
ENHANCEMENT

Each large monolithic chip is positioned under a separate

element ot a plastic aspheric magnifying lens producing a
magnified character height of 3.56mm (0.140 inch 1

. The
aspheric lens provides wide included viewing angles of 60
degrees horizontal and 55 degrees vertical with low off

axis distortion. These two features, coupled with the very

high segment luminous sterance. provide to the user a
display with excellent readability in bright ambient light

for viewing distances in the range of 1.5 metres. Effective

contrast enhancement can be obtained by employing an
optical filter product such as Panelgraphic Ruby Red 60,

Dark Red 63 or Purple 90; SGL Homalite H100-1605 Red or

H100-1804 Purple; or Plexiglas 2423. For very bright

ambients, such as indirect sunlight, the 3M Red 655 or

Neutral Density Light Control Film is recommended.

MECHANICAL

This device is constructed by LED die attaching and wire

bonding to a high temperature PC board substrate. A
precision molded plastic lens is attached to the PC board.

The HDSP-6300 can be end stacked to form a character

string which is a multiple of a basic eight character

grouping. These devices may be soldered onto a printed

circuit board or inserted into 28 pin DIP LSI sockets. The
socket spacing must allow for device end stacking.

Suitable conditions for wave soldering depend upon the
specific kind of equipment and procedure used. For more
information, consult the local HP Sales Office or Hewlett-

Packard Components, Palo Alto, California.
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ra HEWLETT
PACKARD

18 SEGMENT
SOLID STATE HDSP-6504

ALPHANUMERIC HDSP-6508

DISPLAY I

TECHNICAL DATA MARCH 1980

Features

• ALPHANUMERIC
Displays 64 Character ASCII Set and
Special Characters

• 16 SEGMENT FONT PLUS CENTERED D.P.

AND COLON

• 3.81mm (0.150") CHARACTER HEIGHT

• APPLICATION FLEXIBILITY WITH
PACKAGE DESIGN
4 and 8 Character Dual-ln-Line Packages
End Stackable-On Both Ends for 8 Character and
On One End for 4 Character

Sturdy Gold-Piated Leads on 2.54mm (0.100")

Centers

Environmentally Rugged Package
Common Cathode Configuration

• LOW POWER
As Low as 1.0-1.5mA Average
Per Segment Depending on Peak
Current Levels

• EXCELLENT CHARACTER APPEARANCE
Continuous Segment Font
High On/Off Contrast

6.35mm (0.250") Character Spacing
Excellent Character Alignment

Excellent Readability at 2 Metres

• SUPPORT ELECTRONICS
Can Be Driven With ROM Decoders and Drivers

Easy Interfacing With Microprocessors and
LSI Circuitry

• CATEGORIZED FOR LUMINOUS INTENSITY
Assures Uniformity of Light Output From Unit

to Unit Within a Single Category

Description
The HDSP-6504 and HDSP-6508 are 3.81mm (0.150")

eighteen segment GaAsP red alphanumeric displays

mounted in 4 character and 8 character dual-in-line

package configurations that permit mounting on PC
boards or in standard IC sockets. The monolithic light

emitting diode character is magnified by the integral lens

which increases both character size and luminous
intensity, thereby making low power consumption

possible. The rugged package construction, enhanced by
the back fill design, offers extended environmental

capabilities compared to the standard PC board/lens type

of display package. Its temperature cycling capability is

the result of the air gap which exists between the

semiconductor chip/wire bond assembly and the lens. In

addition to the sixteen segments, a centered D.P. and
colon are included. Character spacing yields 4 characters
per inch.

Applications
These alphanumeric displays are attractive for applica-

tions such as computer peripherals and terminals,

computer base emergency mobile units, automotive

instrument panels, desk top calculators, in-plant control

equipment, hand-held instruments and other products

requiring low power, display compactness and alpha-

numeric display capability.
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Device selection Guide

Characters

Per

Display

Contlguration
Part No.

HDSP-
Device Package

4 (Figure 61 6504S3 S3 S3 S3

8 (Figure 7) 6508S3m S3 M S3 S3
I4M

S3 S3

Absolute Maximum Ratings

Symbol Parameter Mln. Max. Units

IPEAK Peak Forward Current Per Segment
or DP (Duration < 312^sl 200 mA

UVQ Average Current Per Segment or

DPMI 7 mA
PD Average Power Dissipation Per

Character [1.2] 138 mW
Ta Operating Temperature, Ambient -40 85 «c

Ts Storage Temperature -40 100 °c

Vr Reverse Voltage 5 V

Solder Temperature at 1.59mm
(1/16 inch) below seating plane,

t < 3 Seconds 260 •c

NOTES:
1. Maximum allowed drive conditions tor strobed operation are derived from Figures 1 and 2. See electrical section ot operational

considerations.

2. Derate linearly above Ta = 50°C at 2.17mW/°C. Pd Max. (Ta 85° CI = 62mW.

Electrical /Optical Characteristics at TA=25°C

Symbol Parameter Test Condition Mln. Typ. Max. Units

lv Luminous Intensity, Time
Average, Character Total with

16 Segments Illuminated (3.41

Ipeak = 30mA
1/16 Duty Factor

0.40 1.65 mcd

Vf Forward Voltage Per
Segment or DP

If = 30mA
(One Segment On) 1.6 1.9 V

Apeak Peak Wavelength 655 nm

Ad Dominant Wavelength (5) 640 nm

IR Reverse Current Per

Segment or DP Vr = 5V 10 eA

AVf/A"C Temperature Coefficient of

Forward Voltage -2 mV/°C

RSj-PIN Thermal Resistance LED Junction-to-Pin 232 -c/w/
Seg

NOTES:
3. The luminous intensity ratio between segments within a digit is designed so that each segment will have the same luminous

sterance. Thus each segment will appear with equal brightness to the eye.

4. Operation at peak currents of less than 7mA is not recommended.
5. The dominant wavelength, \d. is derived from the CLE. chromaticity diagram and represents that single wavelength which delines

the color of the device, standard red.
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For a Detailed Explanation on the Use of Data Sheet Information and Recommended
Soldering Procedures, See Application Note 1005, Page 464.
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Package Dimensions

H i35l«<
WltBliMHOIA.-

251

3.18

1067 4_ ==> T
(0,421

15.24 : .25

1.600 : .01)

V-. J u 635
(.250)

(.120)
'"

^^S^-S^-—A^>V_A^_A>_^^_^ 21.31.04 V

_ PIN 1

(NOTE 31

«" SIZE ,„„, DIA.

10.67

(0.421
"O

f
l .21

t .01

_.l

16.24 ( .25

(.600 i .01)

7.82

(.300)

irr=
. L_ 2.54 ,^ ^i.lOO) 1

3.81 - .25

(.160 ; .01)

NOTES:
1. ALL DIMENSIONS IN MILLIMETRES ANO (INCHES).
2. ALL UNTOLERANCED DIMENSIONS ARE FOR REFERENCE ONLY.
3. PIN 1 IDENTIFIED 8Y INK DOT ADJACENT TO LEAD.

Figure 6. HDSP-6504 Figure 7. HDSP-6508

Magnified Character

Font Description

DEVICES

HDSP-6504

HDSP-6508

Figure 8.

Device Pin Description

Function

Pin

No. HDSP-6504 HDSP-6508

1 Anode Segment gi Anode Segment gi

2 Anode Segment DP Anode Segment DP
3 Cathode Digit 1 Cathode Digit 1

4 Anode Segment d2 Anode Segment O2

5 Anode Segment I Anode Segment I

6 Cathode Digit 3 Cathode Digit 3

7 Anode Segment e Anode Segment e

8 Anode Segment m Anode Segment m
9 Anode Segment k Anode Segment k

10 Cathode Digit 4 Cathode Digit 4

11 Anode Segment di Anode Segment di

12 Anode Segment j Cathode Digit 6

13 Anode Segment Co Cathode Digit 8

14 Anode Segment g2 Cathode Digit 7

15 Anode Segment a? Cathode Digits

16 Anode Segment i Anode Segment j

17 Cathode Digit 2 Anode Segment Co
18 Anode Segment b Anode Segment gz
19 Anode Segment ai Anode Segment az

20 Anode Segment c Anode Segment I

21 Anode Segment h Cathode Digit 2

22 Anode Segment f Anode Segment b

23 Anode Segment ai

24 Anode Segment c

25 Anode Segment h

26 Anode Segment t
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Operational Considerations

ELECTRICAL
The HDSP-6504 and -6508 devices utilize large monolithic

16 segment GaAsP LED chips with centered decimal point

and colon. Like segments of each digit are electrically

interconnected to form an 18 by N array, where N is the

quantity of characters in the display. In the driving scheme
the decimal point or colon is treated as a separate

character with its own time frame. A detailed discussion of

character font capabilities. ASCII code to 18 segment

decoding and display drive techniques appear in

Applicatior Note 1003.

These displays are designed specifically for strobea

(multiplexed: operation, with a minimum recommended
time peak forward current per segment of 7mA. Under

normal operating situations the maximum number of

illuminated segments needed to represent a given

character Is 10. Therefore, except where noted, the

information presented in this data sheet is for a maximum
of 10 segments illuminated per character."

The typical forward voltage values, scaled from Figure 4,

should be used for calculating the current limiting resistor

values and typical power dissipation. Expected maximum
Vf values for the purpose of driver circuit design may be
calculated using the following Vf model:

Vf = 1.85V + Ipeak C1.80)

For: 30mA < Ipeak £ 200mA
Vf = 1.58V + Ipeak (10.7n>

For: 10mA S Ipeak < 30mA

OPTICAL AND CONTRAST
ENHANCEMENT
Each large monolithic chip is positioned under a separate

element of a plastic aspheric magnifying lens, producing a

magnified character height of 3.810mm 1.150 inch). The
aspheric lens provides wide included viewing angles of

typically 75 degrees horizontal and 75 degrees vertical

with low off axis distortion. These two features, coupled

'More than 10 segments may be illuminated in a given character,

provided the maximum allowed character power dissipation,

temperature derated, is not exceeded.

with the very high segment luminous sterance, provide to

the user a display with excellent readability in bright

ambient light for viewing distances in the range of 2

metres. Effective contrast enhancement can be obtained

by employing any of the following optical filter products:

Panelgraphic: Ruby Red 60, Dark Red 63 or Purple 90:

SGL Homalite: H100-1605 Red or H100-1804 Purple,

Plexiglas 2423. For very bright ambients, such as indirect

sunlight, the 3M Light Control Film is recommended: Red
655, Violet, Purple or Neutral Density.

For those applications requiring only 4 or 8 characters, a

secondary barrel magnifier, HP part number HDSP-6505
(four character) and -6509 (eight character), may be
inserted into support grooves on the primary magnifier.

This secondary magnifier increases the character height

to 4.45mm (.175 inch) without loss of horizontal viewing

angle (see below).

MECHANICAL
These devices are constructed by LED die attaching and
wire bonding to a high temperature PC board substrate. A
precision molded plastic lens is attached to the PC board

and the resulting assembly is backfilled with a sealing

epoxy to form an environmentally sealed unit.

The four character and eight character devices can be end
stacked to form a character string which is a multiple of a

basic four character grouping. As an example, one -6504

and two -6508 devices will form a 20 character string.

These devices may be soldered onto a printed circuit

board or inserted into 24 and 28 pin DIP LSI sockets. The
socket spacing must allow for device end stacking.

Suitable conditions for wave soldering depend upon the

specific kind of equipment and procedure used. For more
information, consult the local HP Sales Office or Hewlett-

Package Components, Palo Alto, California.
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OPTIONAL
4 DIGIT MAGNIFIER

HDSP-6505

OPTIONAL
8 DIGIT MAGNIFIER

HDSP-6509

14 68

(.6741

31.75 _
11.2501

6

63.5?

1.06)

(2.110)

f
14.43

IS66J

I

.1.67
l.oe)

END VIEW
(BOTH)

1588
(.6251

234
(.0821

31.68 MAX.
11.255]

cocc
MOUNTED ON HDSP-6504

. 53.67 MAX.

.

(2.1131

wA_A^>^^tA_>4-A^>

MOUNTED ON HOSP-6508
NOTES:
1. ALL DIMENSIONS IN

MILLIMETRES AND (INCHES).

2. THIS SECONDARY MAGNIFIER
INCREASES THE CHARACTER
HEIGHT TO 445mm ( .175 in I

Figura 9. Design Data for Optional Barral Magnifier in Single Display Applications.
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HEWLETT
PACKARD

18 SEGMENT
i

hdsp-btib

ALPHANUMERIC
|j

D

s

s

P

p " 8

87

7

3

2

2

4

DISPLAY SYSTEM hdsp-8740

Features

• COMPLETE ALPHANUMERIC DISPLAY
SYSTEM UTILIZING THE HDSP-6508 DISPLAY

• DISPLAYS 64 CHARACTER ASCII SET

• CHOICE OF 16, 24, 32, OR 40 ELEMENT
DISPLAY PANEL

• MULTIPLE DATA ENTRY FORMATS
Left, Right, RAM, or Block Entry

• EDITING FEATURES THAT INCLUDE
CURSOR, BACKSPACE, FORWARDSPACE,
INSERT, DELETE, CARRIAGE RETURN,
AND CLEAR

• DATA OUTPUT CAPABILITY

• SINGLE 5.0 VOLT POWER SUPPLY

• TTL COMPATIBLE

• EASILY INTERFACED TO A KEYBOARD OR
A MICROPROCESSOR

Description

The HDSP-87XX series of alphanumeric display systems
provides the user with a completely supported 18 segment
display panel. These products free the user's system from
display maintenance and minimize the interaction

normally required tor alphanumeric displays.

Each alphanumeric display system consists of a
preprogrammed microprocessor plus associated logic,

which provides decode, memory, and drive signals

necessary to properly interface a user's system to an
HDSP-6508 display. In addition to these basic display
support operations, the controller accepts data in any of

four data entry formats and incorporates several powerful
editing routines. This microprocessor controller is

mounted behind a single line display panel consisting of

HDSP-6508 displays matched for luminous intensity.

These alphanumeric display systems are attractive for

applications such as data entry terminals, instrumen-
tation., electronic typewriters, and other products which
require an easy to use 18 segment alphanumeric display
system.

TECHNICAL DATA MARCH 1980

Part Number Description

HDSP-8716 Single-line 16 Character Alphanumeric
Display System utilizing the

HDSP-6508 Display

HDSP-8724 Single-line 24 Character Alphanumeric
Display System utilizing the
HDSP-6508 Display

HDSP-8732 Single-line 32 Character Alphanumeric
Display System utilizing the

HDSP-6508 Display

HDSP-8740 Single-line 40 Character Alphanumeric
Display System utilizing the

HDSP-6508 Display
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HDSP-8716/-8724/-8732/-8740

Absolute Maximum Ratings

Vcc -0.5V lo 6.0V

Operating Temperature Range.
Ambient >Ta 0°Cto70c C

Storage Temperature Range Ts -40°C to 85°C

Voltage Applied to any
Input or Output -0.5V to 6.0V

Recommended
Operating Conditions

Parameter Symbol Mln. Max. Units

Supply Voltage Vcc 4.75 5.25 V

Data Out. Data Valid

Ready, Refresh

lot 3.2 mA

I OH -80 *.A

Active, Clock
lOL 1-6 mA

lOH -40 MA

Electrical Characteristics Over operating Temperature Range
Unless otherwise specified

Parameter Symbol Mln. Typ.
1 Max. Units Conditions

Supply Current
HDSP-8716/-8724 ice 560 1150 mA Vcc=525V. "S" Displayed in All

Character Locations, All Outputs OpenHDSP-8732/-8740' ice 700 1320 mA

Time Average Luminous Intensity

Per Digit, 10 Segments on 1
'

1

.

iv .24 ,70 med
Vcc=5.0V. Digit Average '$' Displayed

In All Character Locations. Ta=25''C

Input Threshold High i except Reset: VlH 2.0 V

Vcc=5.0V ± 25VInput Thresholc High — Reset^ VlH 3.0 V

Input Threshold Low — All Inputs VlL 0.8 V

Data Out, Data Valid, Ready,

Voltage

Voh 2.4 V IOH=-80^A, Vcc = 4.75V

Refresh, Outpu Vol 0.5 V l0L=3.2 mA, Vcc=4.75V

Voh 2.4 V IOH=-40uA, Vcc=4.75V

Vol 0.5 V IOl=1.6mA. Vcc=4.75V

Address, 13 Expand.

Input Current

llH -0.3 mA Vih=2.4V. Vcc=5.25V

III -0.6 mA ViL=0.5V, Vcc=5-25V

Blank Input Current
llH -0.5 mA Vih=2 4V, Vcc=5.25V

IlL -1.0 mA Vil=0.5V, Vcc=5.25V

Reset Input Current
llH -0.5 mA Vih=3.0V, Vcc--5.25V

hL -1.0 mA Vil=0.5V. Vcc=5.25V

Data In. Chip Select. Input Current l| -10 +10 fA 0<Vi<Vcc

Peak Wavelength Apeak 655 nm

Dominant Wavelength
4

' Ad 640 nm

NOTES:
1. The luminous intensity ratio between segments within a

digit is designed so that each segment will have the same
luminous sterance. Thus, each segment will appear with

equal brightness to the eye.

2. External reset may be initiated by grounding Reset with either

a switch or open collector TTL gate for a minimum time of

50ms. For Power On Reset to function properly, Vcc power
supply should turn on at a rate > 100V/S.

3. Momentary peak surge currents may exist on these lines.

However, these momentary currents will not interfere with

proper operation of the HDSP-8716/-8724/-8732/-8740
4. The dominant wavelength. Ka. is derived from the CLE.

chromaticity diagram and represents that single wavelength
which defines the color of the device, standard red.

5. All typical values at Vcc = 5.0V and Ta - 25° C unless

otherwise noted.



System Overview

The HDS°-8716/-8724/-8732/-8740 Alphanumeric Dis-
play Controllers provide the interface between any ASCII
based Alpnanumeric System and the HDSP-6508 Alpha-
numeric Display. ASCII data is loaded into the system by
means o( any one of four data entry modes — Left, Right.
RAM, or Block Entry. This ASCII data is stored in the
internal RAM memory of the system. The system may also

be expanded to form multiple line panels with system to

system control signals.

The user interfaces to any of the system through eight

DATA IN inputs
, six ADDRESS inputs . RAM mode', a

CHIP SELECT input, RESET input, BLANK input,

EXPAND input, six DATA OUT outputs, a READY output,

DATA VALID output, REFRESH output, and CLOCK
output. A low level on the RESET input clears the display
and initializes the system. A low level on the CHIP

SELECT input causes the system to load data from the

DATA IN and ADDRESS inputs into the system. A special

control word causes the controller to output a STATUS
WORD. CURSOR ADDRESS, and a string of ASCII
characters through the DATA OUT output s and DATA
VALID output. A low level on the EXPAND input allows

two or more systems to be configured for multiple line

display panels. Pulse width modulation of display
luminous intensity can be provided by connecting
REFRESH to the input of a monostable multivibrator and
the output of the monostable multivibrator to the BLANK
input. A 400kHz clock is provided on the CLOCK output. A
system block diagram for the HDSP-8716/-8724/-8732/-
8740 systems is shown in Figure 1. The system is designed
to refresh the display at a fixed refresh rate of 100Hz. The
display duty factor is optimized for each display length in

order to maximize light output.

DATA OUT

DATA VALID .

BLANK -

REFRESH

RESET -

RAM ADDRESS •

CHIP SELECT -

EXPANSON
CONTROL

CLOCK

EXPAND-

LEFT .

ITi-

ERi -

ACTIVE -

SEGMENT
DRIVER

y-'-
16, ?«. 32, 40CHARACTERS

DIGIT DRIVERS

UN DECODER

Figura 1. Block Diagram of tha HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System.

Control Mode/Data Entry

User interface to the HDSP-87XX series controller is via an
8-bit word which provides to the controller either a control

word or standard ASCII data input. In addition to this user

provided 8-bit word, two additional control lines, CHIP
SELECT and READY, allow easily generated "handshake"
signals for interface purposes.

A logic low applied to the CHIP SELECT Input (minimum
six microseconds; causes the controller to read the 8
DATA IN lines and determine whether a control word or

ASCII data word is present, as determined by the logic

state of the most significant bit (Dt). If the controller

detects a logic high at D7, the state of De-Do will define the
data entry mode and appropriate display length.

The 8 bit control data word format is outlined in Figure 2.

For the control word 1D7 high:, bits Ds and Da define the
selected data entry mode 1 Left entry. Right entry, etc. | and
bits D3 to Do define display length. Bit D6 is ignored.

Control word inputs are first checked to verify that the
control word is valid. If the word is valid, the present state
— next state table shown in Figure 3 is utilized to

determine whether or not to clear the display. RAM entry

can be used as a powerful editing tool or can be used to

preload the cursor. With other transitions, the internal

memory is cleared. The CONTROL WORD 1XXX11XX2 is

used by the controller to initiate the DATA OUT function.
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DATA ENTRY CONTROL WORD D, D6D5 De D3 D, D, Dj,

-, - x xl v|v v'v'

1

DATA ENTRY MODES
RAM DATA ENTRY
LEFT DATA ENTRY
RIGHT DATA ENTRY
BLOCK DATA ENTRY

Y Y V V
11

10 1

111
10 1

DI5PLAY LENGTH
16 DIGITS
24 DIGITS
32 DIGITS
40 DIGITS

HDSP-8716
HOSP-8724
HDSPS732
HDSP-8740

DATA OUT CONTROL WORD: D, ^ Dj D.. D
}
D^ D. D

()

( 1 'l 1| DATA OUT

Figure 2. Control Word Format for the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System.

POWE
RESET

RON
CLEAR. OFFSCREEN CURSOR • DISPLAY LENGTH

RESET

CLEAR, BLINKING ^\_/^^ ^^\ CLEAR. OFFSCREEN

CURSOR- 00, 6 / /<T CLEAR.
"*"**"-*. \. CURSOR ^DISPLAY LENGTH

/*W jT BLINKING CURSOR • OoJX ^-^"A
^-KINOLEI CURSOR BECOMES INVISIBLE TriGHtV^

/^^-^TT^K CLEAR. INVISIBLE SQ^rS^r \

CURSOR SS^JrimWS?
BECOMES ' ^\ t
INVISIBLE N

CLEAR. ~~~~~l I

\ \ CLEAR. INVISIBLE E OFFSCREEN / /
\ \ CURSOR » 0O

ls
O c CURSOR- / /

CLEAR. \ V Is
a
z<

DISPLAY / /
LENGTH / /

BLINKING \ \ a
= / / CLEAR. INVISIBLE

CURSOR= \ X- < ft

3 < jf / CURSOR -00 16

°°l« \S
/'SV«^

HOME CURSOR \. (block)
.- AND CLEAR

/LEFT \ vy
IexpAND] CLEAt . INVISIBLE

CURSOR ' 00,,

Figure 3. Present Stats-Next Stats Diagram for the HDSP-8716/-8724/ -8732/ -8740 Alphanumeric Display System.

DATA WORD: D, D, Dj O, Dj Q, D, D

ASCII ASSIGNMENT

BS
LF
HT
CR
US
DEL
VT
FF
RS

>; X XXX x
l

1 BACKSPACE
n 1 1 CLEAR <NEW LINE')

1 1 FORWARDSPACE
1 1 1 CARRIAGE RETURN

1 1 1 1 1 INSERT CHARACTER
1 1 1 1 1 1 1 DELETE CHARACTER

1 1 1 CURSOR DOWN
1 1 HOME Br CLEAR

1 1 1 1 CURSOR UP

Trh
LEFT.
SINGLE

LEFT,
EXPAND-

OTHERWISE. THE 7 BIT ASCII CODE

Figure 4. Display Commands for the HDSP 87 76 8724.-87 32/ 8740 Alphanumeric Display System.
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If D7 is a logic low when the DATA IN lines are read, Ihe

controller will interpret De-Do as standard ASCI I data to be
stored, decoded, and displayed. The system accepts the

standard 7-bit ASCII code. However, the HDSP-87XX
system displays only the 64 character subset 20i6 1 space
to 5Fi6 I

,
and ignores all ASCII characters outside this

subset with the exception of those characters defined as

display commands. These display commands are shown
in Figure 4. The displayed character set for the HDSP-
87XX system is snown in Figure 5.

Regardless of whether a control word or ASCII data word
is presented by the user, a READY signal is generated by
the controller after the input word is processed. This

READY signal goes low for 35^s and upon a positive

transition, a new CHIP SELECT may be accepted by the

controller. Data Entry Timing is shown in Figure 6.

*>TS

°3
°2

1

1

1

1

a

1

1

1

1

e

•
1

1

1

1 ! ,

D

1

1

•

1

1

1

1

1

1

1

1

1

1

1

1

^

1

1

1

°6 D
6
D
4 HEX 1 3 4 I • 7 8 9 A c D c f

1 2 t*twl J II I 5 % L . < > * + /
— /

1 1 3
I s 3 H 5 S 1 B g / L

- A ?
1 a 4 E R B C B E F G H 1 J K L M N
1 1 « \p a R 5 T U V w X Y z r \ 1 / <

Figure 5. Display Font lor the HDSP-8716/-8724/-8732/-8740 Alphenumeric Display System.

DATA ENTRY TIMING

RAM ADDRESS
\— •^IOui MAX.

DATA IN

CHIP SELECT mmmmm/MmmmmW///M m
— U— &.» MIN.

JL_,,„,.~[\—**
READY

1

1

J AFTER THIS TIME.35u,—*" CONTROLLER VYILX
ENTER NEXT CHARACTER

MAXIMUM DATA ENTRY TIMES OVER OPERATING TEMPERATURE RANGE

DATA ENTRY MODI.

LEFT.
SINGLE H»i
IfFT.
EXPANDED KM
RIGHT ffli-i

R*M Xk.1 1

BLOCK n±>
CONTROL Mm
DATA OUT 25*1

us iN«(Rr oei vr ff as

MOw* 2(5^1 23Sui 220w» '.MftM 66SW «4S(,i

MSt* 2fib*,i 263*. Kb,. 246«. 2«P« :
.
MS»(*

.
G*

«0« 4«*t 406^.

:aiLO-m».Q RIGHTMOST CHARACTt-Pt

S4&:.

231.* - 35cm MHCM - - COWH3UREO WSPIAY LEW

750(11 53Cp« 2«ot

-MINIMUM fWI THAT OATA INPUTS MUST REMAIN VALID AFTER CHIP SELECT QO€B LOW
-MINIMUM TIM! THAT RAM ADDRESS INPUTS MUST REMAIN VALID AFTER CHIP SELECT OOEI LOW.

Figure 6. Data Entry Timing and Data Entry Times for the HDSP-8716/ -8724/ -8732/-8740 Alphanumeric Display System.
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Left Entry Mode

With Lett entry, characters are entered in typewriter

fashion, i.e., to the right ot all previous characters. Left

entry uses a blinking cursor 10 indicate the location where
the next character is to be entered. CLEAR loads the

display with spaces and resets the cursor to the leftmost

display location. BACKSPACE and FORWARDSPACE
move the cursor without changing the character string.

Thus, the user can backspace to the character to be
edited, enter a character and then lorwardspace the

cursor. CARRIAGE RETURN resets the cursor to the

leftmost display location leaving the display unchanged.
The DELETE function deletes the displayed character at

the cursor location and then shifts the character string

following the cursor one location to the left to fill the void

of the deleted character. The INSERT CHARACTER sets a
flag inside the system that causes subsequent ASCII
characters to be inserted to the left of the character at the

cursor location. As new characters are entered, the

cursor, the character at the cursor, and all characters to

the right of the cursor are shifted one location to the right.

The INSERT function is terminated by a second INSERT
CHARACTER, or by BACKSPACE, FORWARDSPACE.
CLEAR, CARRIAGE RETURN, or DELETE. In Left entry

mode, after the display is filled, the system ignores all

characters except BACKSPACE, CARRIAGE RETURN,
and CLEAR. The system allows the cursor to be
positioned only in the region between the leftmost display

character and immediately to the right
|
offscreen ot the

rightmost display character.

Expanded Left entry is selected by grounding the

EXPAND input prior to RESET. Expanded Left entry mode

allows several HDSP-87XX systems to be connected into a

multiple line pane l. Expanded Left entry uses the ERI

input. ELI input, LEFT input, and ACTIVE output to

provide a handshake between each system as shown in

Figure 7. With the proper connections, the cursor can be

moved in a circular fashion from the end of the last line to

the beginning of the first line, or such that it shifts

offscreen and is lost until the next CLEAR/HOME display

command Expanded Lett entry adds three display

commands: CURSOR UP moves the cursor to the same
location in the preceeding line; CURSOR DOWN moves

the cursor to the same location in the lollowing line;

CLEAR/HOME loads all displays with spaces and resets

the cursor to the leftmost display location in the first line.

The CLEAR command in Left entry mode is replaced by

the LINE FEED function. LINE FEED moves the cursor to

the leftmost display location in the following line leaving

the current line unchanged.

Right Entry Mode

In Right entry mode, characters are entered at the right

hand side of the display and shifted to the left as new
characters are entered. In this mode, the system stores 48

ASCII characters, although only the last characters

entered are displayed CLEAR loads the display with

spaces. BACKSPACE shifts the display one location to the

right, deleting the last character entered and displaying

the next character in the 48 character buffer. Right entry

mode is a simple means to implement the walking or

"Times-Square" display. In this mode, the cursor is

located immediately to the right , offscreen i of the

rightmost displayed character.

I"

Idil LI"

ALLOWS DATA ENTRY. HT, LF, INSERT. VT
, TO GO FROM LAST LINE TO FIRST LINE

:r

EHI SET

it?

LETT

IX? DO

DV
01 a »

DATA IN -

CHIP SELECT -

RESET

-

ERI ACT

ElT

EX? DO

DV
Dl 55 S

DATA OUT

DATA VALID

Em AffT

ETI

CSTT

CTP DO

DV
»l s s

ALLOWS BS. RS TO 00 FROM
L. FIRST LINE TO LAST LINE

DATA OUT

DATA VALID

BSl SET

EU

CEPT

iX? DO

DV
Dl E5 R

- DATA OUT

-DATA VALID

DATA OUT

DATA VALID

Figure 7. External Connections for Expanded Left Entry Mode for the HDSP-87167-8724/-8732/-8740 Alphanumeric Display System.
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Block Entry Mode

Block entry allows the fastest data entry rate of all four

modes. In this mode, characters are loaded from left to

right as with Left entry. However, with Block entry, after

the display is completely loaded, the next ASCII character

is loaded in the leftmost display location, replacing the

previous displayed character. While Block entry has a
non-visible cursor, the cursor is always loaded with the

address of the next character to be entered. The display

can be cleared and the cursor reset to the leftmost display

location by loading in a new BLOCK control word.

RAM Entry Mode

In RAM entry, ASCII characters a'e loaded at the address
specified by the six bit RAM address. Regardless of

display length, address 00 is the leftmost display

character. Out of range RAM addresses are ignored. While

RAM entry has a non-visible cursor, the cursor is always

preloaded with the address to the right of the last

character entered. This allows the cursor to be preloaded

with an address prior to going into any other entry mode.
The display can be cleared by loading in a new RAM
control word.

Power-On Reset/Reset

When power is first applied to the system, the system

clears the display and tests the state of the DATA INPUT,

D7- If D7 > 2.0V, the system loads the control word on the

DATA INPUTS into the system. If D7 < 0.8V or the system

sees an invalid control word, the system initializes as Left

entry for a 40 character display with a flashing cursor in

the leftmost locat ion During RESET, the system also tests

the state of the EXPAND input. If EXPAND is low. the

system initializes in expanded le ft entry mode. A flow

chart that describes the RESET function is shown in

Figure 8. For POWER-ON RESET to function properly, the

t

POWER ON RESET.'RTSTf

NO ICONTROL WORD)

YES'DEFAULTI

DEFAULT 10
LEST, Exr
40 OIGIT

DEFAULT TO
LEFT. EXP
40 DIGIT

MODE - RAM.
BLOCK RIGHT

TURN ON
CURSOR

MODE • LEFT.
SINGLE

VES (ACTIVE)

MODE -

LEFT. EXP

TURN ON
CURSOR

TURN ON
CURSOR

Figure 8. Reset Sequence tor the HDSP-8716/-8724/-8732/-8740 Alphanumeric Display System.

294



*

power supply must turn on at a rate -- 100 V/s . In addition,

the system can be reset by pulling the RESET input low tor

a minimum ot 50 milliseconds. POWER-ON RESET/
RESET timing is shown in Figure 9.

K some entry mode or display length is desired other than

40 character Lett entry, it is necessary to either load the

appropriate control word or provide a control word during

POWER-ON RESET/RESET. The circuit shown in Figure

10 can be used to load any desired preprogrammed

control word into the HDSP-87XX Serie s Display

Controller during POWER-ON RESET/RESET.

1 me rnip si

OATA INPUT, D7 ZZZXrEE"
INnitializ

IF CHIP SELECT "0
AFTER THISTIME.
CONTROLLER WILL
ENTER A CHARACTER.

CONTROL IVORO

ZES AS LEFT ENTRY
MODE. 40 CHARACTER OISPLAY
LENGTH

Figure 9. POWER-ON RESET/RESET Timing for tha HDSP-8716/-8724/-8732A8740 Alphanumeric Displ»y Systtm.

DESIRED MODE. XX

DESIRED
LENGTH,
VYYY

CS

READY

I

te
aA 74LS157

3A

2A

IA 4Y

4B 3Y

3B 2Y

2B 1Y

IB

ST

SEL

•I . :

Dl,
2

13 II!

10 7 16

oi
5

o.4

HOSPB716/-8724/
•8732/-B740

SI,

Dl,

01,

Dl

CS

READY

6 : M
3

12

IS

1

|.;

JA74LS167

3A

2A

IA 4Y

4B 3Y

3B 2Y

20 1Y

1B

IT

SEl

Yl

•
•

5

/

U 9 IB^^^^^^^~
10 7 a

() 1
>
:

1

H

J
-

78

XX

00
01

10

RAM
LEFT
RIGHT
BLOCK

YYYY
0011 16 DIGITS

0101 24 DIGITS
0111 32 DIGITS

1001 40 DIGITS

Figure 10. External Circuitry to Lo ad a Control Word into tha HDSP-8716/-8724/-8732/-8740 Alphanumarlc Display System

Upon POWER-ON RESET/RESET.
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Data Out

Data stored in the HDSP-87XX system is available to the

user upon command. Data Out is initiated by the control

word 1XXX11XX2. Following this control word, the system

outputs a STATUS WORD. CURSOR ADDRESS, and a
string ot ASCII data characters. The STATUS WORD
specifies the data entry mode and the display length of the

system. The STATUS WORD is the same format as a valid

control word with D7 and D6 deleted The CURSOR
ADDRESS specifies the location of the cursor within the

display. The CURSOR ADDRESS of the leftmost display

location is address 00. In Expanded Left entry mode, a

CURSOR ADDRESS of 63 i3Fi6' is used to indicate a non-

active line, "he system outputs the same number of ASCII
data characters as the display length specified by the

control word. The first ASCII data character is always the

leftmost display character The positive edge of the DATA
VALID output can be used to load the DATA OUTPUT
words into the user's system. The DATA OUT timing for

the HDSP-87XX systems is summarized in Figure 11.

Luminous Intensity Modulation

Pulse width modulation of display luminou s intensity can

be provided by connecting the REFRESH output of the

system to the input of a monostable multivibrator. The
output of the monostable multivibrator should then be

connected to the BLANK input of the system. Modulation

of display luminous intensity is then achieved by varying

the delay of the monostable multivi brator with a

potentiometer or photoresistor. REFRESH is repeated at a

rate of 10ms divided by the configured display length. For

example, an HDSP-8732 system, when configured for a 32

character display length, would pulse the REFRESH
output every 312.5^s. The circuit shown in Figure 12 may
be utilized to provide manual control of display luminous

intensity. Automatic control may be achieved by

substituting an appropriate value photoconductor for

potentiometer Hi. If luminous intensity modulation is not

desired. BLANK should be left open.

CHIP SELECT

-160m :7.6m

-

220niMIN-

nnni
-36»|(N*1>-

•IF CHIP SELECT = AFTER THIS TIME.
CONTROLLER WILL ENTER NEXT
CHARACTER

STATUS CURSOR I— LEFSTATUS
WORD ADDRESS
(Af tai

FTMOST ASCII

CHARACTER (II

RIGHTMOST ASCII

CHARACTER IN)

STATUS WORD FORMAT (A)

RAM ENTRV
1 LEFT ENTRY

1 RIGHT ENTRY
1 1 BLOCK ENTRY

Y Y Y Y - OISPLAY LENGTH

CURSOR ADDRESS FORMAT IB)

CURSOR ADDRESS NO. OF CHARACTERS
FROM THE LEFT

DATA WORD FORMAT 11 - N)

LOWEST 6 BITS OF ASCII CODE
WORD Ml « LEFTMOST DISPLAY CHARACTER
WORD IN) - RIGHTMOST DISPLAY CHARACTER

HOSP N
4716 16

8724 24

8732 3?

403710

Figura 1 1 . Data Out Timing and Format for the HDSP-871 6/8724/ -8732/-8740 Alphanumeric Display System.
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Microprocessor Interface

Interfacing the HDSP-87XX Series Display System to

microprocessor systems depends on the needs of the

particular application. Figure 13 shows a latched interface

between the host microprocessor and the HDSP-87XX
system. The latch provides temporary storage to avoid

making the host microprocessor wait for the system to

accept dala. Data from the host microprocessor system is

loaded into the 74LS273 octal register on the positive

transition of the clock input pin 11 . At the same time, the

CHIP SELECT input is forced low. The CHIP SELECT
input stays low until READY goes low. The host micro-

processor should avoid loading new data into the 74LS273
as long as BUSY is high. The latched interface can be
implemented with an octal register and SR flip-flop if the

HDSP-87XX system is operated in Left, Right, or Block

entry. RAM entry requires an additional register for the

RAM address inputs. Additional flexibility can be achieved

by using a peripheral interface adapter
i
PIA to interface

the HDSP-87XX system to the host microprocessor

system The PIA provides a data entry handshake between
the host microprocessor system and the HDSP-87XX
system and allows the host microprocessor system to read

the Data Output port of the HDSP-87XX system.

C ' .033* F

C - .021. F

C = ,015mF

HDSPB716
HDSP 8724

HDSP8732/ 8740

MOSP.8716/8724'
.

.
-8732/8740

REFRESH

Figure 12. External Circuitry to Vary the Luminous Intensity of the

HDSP-8716/-8724/8732/ 8740 Alphanumeric Display System.

8080A INTERFACE

CS--

741.510

6800 INTERFACE
3,VMA

2

CS
3>^

DATA
BUS

74LS273

CS IS A LOGICAL COMBINATION OF HIGH ORDER ADDRESS BITS THAT DISTINGUISH
THE ADDRESS OF THE HDSP 8718/ 8724A8732/-8740 FROM THE REST OF THE
MICROPROCESSOR SYSTEM.

Figure 13. Latched Interface to the HDSP-87XX Series Alphanumeric Display System.
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Package Dimensions
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Package Dimensions

"ISO: .073

i

TT
19.0

- 1.1

_ H 11.43U54

UMi-.om

^K^ Tinmrararaiar

I1O3O0):.010

4.715
.

saastoi&xx '
IMil

HDSP-8740
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ISISC- 01D
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_
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18(001

• HOST 1132
311.44

(ISOOI
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FUNCTION
fVPI 01

CONNECTOR
SUGGESTED

MANUFACTURER

CONTROL/DATA
ENTRV

34 PIN

RIBBON CABLE
3MP/N 3414X000 SERIES

POWER'" 3 PIN WITH
LOCKING RAMP

MOL6XP/N08SBJB31
WITH01-5BOIK
TERMINALS

E4EM

AOTE5: til PO«« 11*01 SHOULD 1UC G4UGE IIRMHBMIK

HDSP-8716/-8724/ -8732/ -8740

pSi.E s

PIN DESCRIPTION

1 RAM ADDRESS. A„

2 EXPAND
3 RAM ADDRESS, A!

4 CHIP SELECT

S RAM ADDRESS, Aj

6 DATA IN, Dg

7 RAM ADDRESS. A] {ELI)

S DATA IN. 0,

9 RAM ADDRESS. A« (ERI)

10 DATA IN. 0]

11 RAMAODRESS A S
ll-FTi

12 DATA IN. 0]

13 ACTIVE

14 DATA IN. 04

15 RESET

1G DATA IN. D|

17 NO CONNECTION

PfBJ DESCRIPTION

\i DATA IN, Of

IB NO CONNECTION

20 DATA IN, Oj

21 NO CONNECTION

22 DATA OUT. 00D

23 OATAOUT, DO)

24 DATA OUT, I'D;

25 DATA OUT, 00]

ZS DATA OUT, 0Q|

27 OATA OUT, DO*

2B REAOV

29 DATA VALID

30 400 kHi CLOCK OUT

31 REFRESH

32 NO CONNECTION

33 DISPLAY BLANK
34 NU CONNECTION
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LED SOLID STATE
ALPHANUMERIC

INDICATOR

5082-7100

5082-7101

5082-7102

TECHNICAL DATA MARCH 1980

Features
• 5 x 7 LED MATRIX CHARACTER

Human Factors Engineered

• BRIGHTNESS CONTROLLABLE
• IC COMPATIBLE
• SMALL SIZE

Standard 15.24mm (.600 Inch) Dual In-Line

Package; 6.9mm (.27 inch) Character Height

• WIDE VIEWING ANGLE
• RUGGED, SHOCK RESISTANT

Hermetically Sealed
Designed to Meet MIL Standards

• LONG OPERATING LIFE

Description
The Hewlett-Packard 5082-7100 Series is an X-Y addressable, 5 x 7 LED Matrix capable of displaying the
full alphanumeric character set. This alphanumeric indicator series is available in 3, 4, or 5 character end-
stackable clusters. The clusters permit compact presentation of information, ease of character alignment,
minimum number of interconnections, and compatibility with multiplexing driving schemes.

Alphanumeric applications include computer terminals, calculators, military equipment and space flight

readouts.

The 5082-7100 is a three character cluster.

The 5082-7101 is a four character cluster.

The 5082-7102 is a five character cluster.

Absolute Maximum Ratings

Parameter Symbol Min. Max. Units

Peak Forward Current Per LED
(Duration < 1 ms)

'PEAK 100 mA

Average Current Per LED •avg 10 mA

Power Dissipation Per

Character (All diodes lit) "J
Po 700 mW

Operating Temperature, Case TC -55 95 °C

Storage Temperature TS -55 100 °C

Reverse Voltage Per LED Vr 4 V

Note 1 : At 25°C Case Temperature; derate 8.5mW/°C above 25°C.
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Electrical /Optical Characteristics at TC=25°C
Parameter Symbol Min. Typ. Max. Units

Peak Luminous Intensity Per LED
(Character Average) @ Pulse

Current of 10OmA/LED

ly (PEAK) 1.0 2.2 mod

Reverse Current Per LED @ VR = 4V <R 10 HA

Peak Forward Voltage @ Pulse

Current of 50mA/LED
Vf 1.7 2.0 V

Peak Wavelength apeak 655 nm

Spectral Line Halfwidth AX
1/2

30 nm

Rise and Fall Times' 11
'r-tf 10 ns

Note 1. Time for a 10% - 90% change of light intensity for step change in current.

W»
|

<
E

jij

rr 30
tr

s W+t-a
tr

J 20

o
1

. :

4 H
I'

.4 0.8 Id '.

VF - FORWARD VOLTAGE - V

Figure 1. Forward Current-Voltage Characteristic.

-40 -20 20 40

Tc - CASE TEMPERATURE - °C

Figure 2. Relative Luminous Intensity vs. Case

Temperature at Fixed Current Level.

MB

m

.4 .6 .8 1.0 2 4 6 8 10

AVERAGE CURRENT PER LED - mA

Figure 3. Typical Time Average Luminous

Intensity per LED vs. Average

Current per LED.

8

6

20 40

PEAK CURRENT PER LED - mA

Figure 4. Typical Relative Luminous Efficiency vs.

Peak Current per LED.
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Package Dimensions and Pin Configurations

5082-7100/7101/7102 ORIENTATION MARK METAl TAB
ON BACK Of SUBSTRATE

5082-7100

23.2

(.81)

lis
fcWJ

__J ^0.43 (.01 7)

-2.MU00]
TYP*

TVP.

CTR DIGIT 2

CTR DIGIT 3

5082-7101

ORIENTATION MARK METAL TAB
ON BACK O? SUBSTRATE \

224
!8»:

13 5 -T .

(.63! *« 3C

3,2
1123)

CTR DIGIT 3

ORIENTATION MARK METAL TAB
ON BACK Of SUBSTRATE \ ' P-

"TTIj
22.9

(.90)

(.641 II
I 181

32.0
11.26!

- K< "401
] 21 MAX.

]1»

41,1

(1.62)

MolK 1. Dimamions ace in rmllitnatm and (Inch**).

2. Uiika olhemia ipecifiad. tna teaaranc* or. all dimcnjiom it :0.39mm (ij)15 iJ

3. QlsrKter Szs 6.9 x4.9mm 1.27 a .19 io.l.

CTR DIGIT 1

CTR DIGIT 3

Device Pin Description

5082-7100 5082-7101 5082-7102

Pin Function Pin Function Pin Function Pin Function I'm Function Pin Function

1 Anode G 12 Anode B 1 N/C 15 Anode C 1 N/C 19 5e

2 1c 13 3d 2 1c 16 4c 2 1c 20 5c
3 Id 14 3b 3 la 17 4a 3 1e 21 Se

4 Anode F 15 Anode A 4 Anode G 18 Anode B 4 Anode F 22 Anode

D

5 Anode E 16 2a 5 2b 19 3e 5 2b 23 4a

6 2b 17 2c 6 2d 20 3b 6 2d 24 4c

7 2d 18 2a 7 Anode D 21 3a 7 2e 25 N/C
8 Anode C 19 Anode D 8 Anode E 22 2e 8 Anode E 26 Anode C
9 3o 20 la 9 3c 23 2c 9 3c 27 3d
10 3c 21 lb 10 3d 24 2a 10 3a 28 3b

11 3a 22 la 11 Anode F 25 Anode A 11 Anode G 29 3e

12 4b 26 1d 12 4a 30 Anode B

i
13 4d 27 lb 13 4b 31 2c

14 4e 28 1a 14 4d 32 2a
15 N/C 33 Anode A
16 5b 34 Id

17 5d 35 lb

— 18 N/C 36 1a

1| 16 1c Id le 2a 2b 2c 2d 2a 3a 30 3c 3d 3e 4a db 4c 4d 4a 5a 5b 5c 5d 5e

5082-7100/7101/7102

Schematic Wiring Diagram »cmaracter i-»(--character 2«-«-character s-^»character 4»)«-character 5-»|

, / MA*
Vyyy.*
sss.*

n ifA<w
,

* ///.* 1

1

r it SS.sU
n-^ <*vv !
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Operating considerations

ELECTRICAL
The 5x7 matrix of LED's, which make up each character, are X-Y addressable. This allows for a

simple addressing, decoding and driving scheme between the display module and customer furnished

logic.

There are three main advantages to the use of this type of X-Y addressable array:

1. It is an elementary addressing scheme and provides the least number of interconnection pins for the

number of diodes addressed. Thus, it offers maximum flexibility toward integrating the display into

particular applications.

2. This method of addressing offers the advantage of sharing the Read-Only-Memory character generator

among several display elements. One character generating ROM can be shared over 25 or more 5x7
dot matrix characters with substantial cost savings.

3. In many cases equipments will already have a portion of the required decoder/driver (timing and clock

circuitry plus buffer storage) logic circuitry available for the display.

To form alphanumeric characters a method called "scanning" or "strobing" is used. Information is

addressed to the display by selecting one row of diodes at a time, energizing the appropriate diodes in

that row and then proceeding to the next row. After all rows have been excited one at a time, the

process is repeated. By scanning through all rows at least 100 times a second, a flicker free character

can be produced. When information moves sequentially from row to row of the display (top to bottom)

this is row scanning, as illustrated in Figure 5. Information can also be moved from column to column

(left to right across the display) in a column scanning mode. For most applications (5 or more charac-

ters to share the same ROM) it is more economical to use row scanning.

A much more detailed description of general scanning techniques along with specific circuit recommen-

dations is contained in HP Application Note 931.

MECHANICAL/THERMAL MOUNTING
The solid state display typically operates with 200mW power dissipation per character. However, if the

operating conditions are such that the power dissipation exceeds the derated maximum allowable value,

the device should be heat sunk. The usual mounting technique combines mechanical support and thermal

heat sinking in a common structure. A metal strap or bar can be mounted behind the display using

silicone grease to insure good thermal control. A well-designed heat sink can limit the case temperature

to within 10°C of ambient.

1

6 INE

.! |

.T , T .!
Y SELECT O J 1 J.

.

t 1 1 ! 1
: _l_ 1 1 1

ARR* =L._!- _i=t_j
MASTER
CLOCK r X t T

J 1

1 {

TIMING
CIRCUITRY

!

— 6 BIT iNrui SlUHAUt ourrerw
READ ONLY
MEMORY

^ 5 BIT OUTPUT STORAGE BUFFERS

c
. I.
1

I,^ 1 ! It "L—
\

1

- —

I

1

COLUMN m 1 1 11 m Mill Mill
2

inn Till Mill Hill

ROW
DRIVERS

LED
DISPLAY

LED
3ISPLAY

ED
PLAY

LED
DISPLAY

ED
PLAY

L L

_ DIS DIS

Figure 5. Row Scanning Block Diagram.
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High Reliability

• Introduction 306

• Selection Guide 308
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High Reliability, Military Parts
Hewlett-Packard product designs and manufacturing
methods assure our ability to supply high reliability pro-
ducts patterned after MIL-S-19500 and MIL-M-38510 pro-

grams. Testing programs may include 100% screening
tests with precap visual, lot qualification or both.
Programs performed to customer drawings and specifi-

cations are available and strictly follow their control
documents and procedures.

PROGRAM CAPABILITIES

HERMETIC PRODUCTS

Available Program**

Lot Qual. 100% Screen

100% Screen

and Lot Qual.

Lamps Meet MIL-S-19500 JAN __ JANTX

Displays Using Hybrid Die

Configuration Patterned to Class B
of MIL-M-36510 TXV TXVB

Optocouplers Using Hybrid Die

Configuration Designed Against

Class B of MIL-M-38510 TXV TXVB
Optocouplers with Controls of

MIL-M-38510 Class S X X X

Special Optocoupler Assemblies
with Testing Patterned to

Class B or S or MIL-M-38510 X X X

NON HERMETIC PRODUCTS
All Products to Customer Test

Programs Designed Against

MIL-S-19500 or MIL-M-38510 Class B X X X

•Testing program details vary between products based on device design objectives, product history and capabilities.

- Not Available

X Available
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Hewlett-Packard Components have three types ot

package sealing methods to meet different customer

needs in the market. The recommended high reliability

part is packaged in a conventional glass to glass, glass to

metal seal or equivalent sealing technique using ceramic.

These products are impervious to moisture and meet

hermeticity testing to prescribed levels.

In addition to our hermetic products, Hewlett-Packard

makes units which use an epoxy seal. These unitsarealso

capable of passing hermeticity testing and can be utilized

in those high reliability applications with limited moisture

exposure over long periods.

A third package type is also non-hermetic using complete

epoxy encapsulation material to form both the package

structure and outline. These products are often used in

non man rated ground support programs and successfully

pass customer lot acceptance qualification testing and

100% screening programs designed for plastic com-

ponents.

The optional tests in the following recommended

screening sequence for non-hermetic devices are based

on package configuration, point of assembly and

customer preference. The conditions for all selected tests

are product design dependent and are based on absolute

maximum ratings.

MIL-STD-883 MIL-STD-750 Non-Hermetic

Test Sequence Method Method Program

1. Pre Cap Visual HP Procedure HP Procedure Optional

2. High Temperature Storage 1008 1031 100 Percent

3. Temperature Cycling 1010 1051 Optional

4. Constant Acceleration 2001 NA Optional

5. Fine Leak 1014 1071 Optional

6. Gross Leak 1014 1071 Optional

7. Interim Electrical/Optical Tests — — Optional

8. Burn In 1015 1038 100 Percent

9. Final Electrical/Optical Tests - - 100 Percent

10. Delta Drift Measurements — - Optional

11. External Visual 2009 2071 100 Percent

Hewlett-Packard's emphasis on reliability extends across

commercial and high reliability markets. As part of our

new product introduction and periodically during the life

of a part, samples from typical manufacturing lots are

i subjected to qualification testing. The data obtained from

'these tests indicates reliability levels maintained by the

product family and Is assembled periodically into

Reliability Summary data sheets. Copies may be obtained

from your local Hewlett-Packard field sales office.

307



Hermetically Sealed and High Reliability LED Lamps
Dtvice

Package Outline Drawing Pan No.

IN 5765

JAN 1N5765' 5 '

JANTX1N5765'6

Description

Color Bl Package

Red

1655 nm)

IN6092

JAN1N6092' 5 !

JANTX1N6092' 5 '

High

Efficiency

Red

(635 nm)

1N6093 Yellow

(583 nm|

JAN1N6093I5I

JANTX1N6093'5 i

1N6094

JAN1N6094B1

JANTX1N609451

5082-4787

HLMP-0930I5!

HLMP-0931I6I

Green

(565 nm)

Red

(655 nm)

Hermetic/T0-46l 41
Red

Diffused

Minimum
Luminous

Intensity

20»!'l

0.5 mcd«?20mA

1.0 mcd®20mA

Yellow

Diffused

Green

Diffused

5082-4687

M 19500/519-01 SI

M 19500/519-02

1

5 '

High

Efficiency

Red

(635 nm)

5082-4587

M 19500/520-01

1

5)

Ml 9500/520-02 I5 '

Yellow

(583 nm)

5082-4987

M 19500/521-01 H

M 19500,'521-02 B9

Green

(565 nm)

Panel Mount

Version 131

0.8 mcd @ 25mA

Red 0.5 mcd S> 20mA
Diffused

Yellow

Diffused

Green

Diffused

See page 309 for notes.

1.0 mcd® 20mA

0.8 mcd 9 25mA

Typical

Forward

Voltage

70° 1.6 Volts

@20mA

2.0 Volts

@20mA

2.1 Volts

@20mA

1.6 Volts

@20mA

2.0 Volts

@20mA

2.1 Volts

@20mA

Page

No.
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Hermetic Optocouplers

Device

CATMOI, I

AMDM

MTMOOI,.
MO01,1

•Jfe

n

IS

> 13

> O
b-lt

b^ti;

**<
';

6N134

6N134TXV

6N134TXVB

6N140

6N140TXV

6N140TXVB

Description Application

Dual Channel

Hermetically Sealed

Optically Coupled

Logic Gate.

TXV - Screened

TXVB - Screened

with Group B

Data

Line Receiver,

Ground Isolation for

High Reliability

Systems

Hermetically Sealed

Package Containing

4 Low Input Current,

High Gain Optocouplers

TXV - Hi-Rel

Screened

TXVB - Hi-Rel

Screened with

Group B Data

4N55

4N55TXV

4N55TXVB

Dual Channel

Hermetically Sealed

Analog Optical

Coupler

TXV -Hi-Rel

Screened

TXVB - Hi-Rel

Screened with

Group B Data

Line Receiver, Low

Power Ground

Isolation for High

Reliability Systems

Typical

Data Rate

(NRZ)

10M bit/s

300k bit/s

Line Receiver,

Analog Signal

Ground Isolation,

Switching Power

Supply Feedback

Element

700k bit/s 7% Min.

Current
|
Specified

Transfer Input

Ratio Current

400% Typ.

300% Mir.

Withstand

Test

Voltage

10mA

0.5mA

1500Vdc

1500Vdc

16mA 1500Vdc

No.

90

94

98

Hermetically Sealed Integrated LED Displays

Device

50827010

5082-7011

5082-7391

5082-7392

5082-7395

5082-7393

Description

6.8mm (.27") 5x7 Single Digit

Numeric, LHDP, Built-in

Decoder/Driver

6.8mm (.27") Plus/Minus

Sign

7.4mm (.29") 4x7 Single Digit

Numeric, RHDP, Built-in

Decoder/Driver/Memory

7.4mm(.29") 4x7 Single Digit

Numeric, LHDP, Built-in

Decoder/Driver/Memory

7.4mm(.29")4x7SingleDigit

Hexadecimal, Built-in

Decoder/Oriver/Memory

Package

8 Pin Hermetic

2.54mm (.100") Pin

Centers

8 Pin Hermetic

15.2mm (.6") DIP

with Gold Plated Leads

7.4mm(.29") Overrange

Character Plus/Minus Sign

Application

Ground, Airborne,

Shipboard Equipment

i Fire Control Systems

i Space Flight Systems

• Ground, Airborne,

Shipboard Equipment

• Fire Control Systems

• Space Flight Systems

• Other High Reliability

Applications

No.

241

247

NOTES: 1. G»> is the off-axis angle at which the luminous intensity is half the axial luminous intensity.

2. Peak Wavelength.

3. For Panel Mounting Kit, see page 171.

4. PC Board Moumable.

5. Military Approved and qualified for High Reliability Applications.

For Applications Information,

see page 31 1

.
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Below is a complete listing ol all ot the Optoelectronic Applications Information available. For those items
which were not included in this catalog, a brief abstract is shown. These are available in their entirety from your
local HP Sales Office or nearest HP Components Franchised Distributor or Representative.

APPLICATION BULLETINS APPLICATION NOTES
Model/Pub. No.

(Dale) Description Ref.

AB-1/5952-8378
f 1/75>

AB-3/5952-8380
13/75.

AB-4/5952-8381

1 4/75

1

AB-52/59S3-0330
i3/77i

AB-54/59E3-0363
(7/77]

AB-56/5953-0415
111/791

AB-57/5953-0418
(1/801

Conslruclion and Performance Absl.

o( High Efficiency Red, Yellow
and Green LED Materials

Soldering Hewlett-Packard P. 315
Silver Plated Lead Framed
LED Devices

Detection and Indication of Abst.

Segment Failures in 7-Segment
LED Displays

Large Monolithic LED Abst.
Displays

Mechanical Handling of Sub- Absl
miniature LED Lamps and
Arrays

Interface Timing and Display P. 319
Length Expansion Information
for the HDSP-2000 Coded
Data Controller

Flux Budget Considerations P. 323
for Fiber Optic Link Design

APPLICATIONS MANUAL
Model/Pub. No.

(Data) Description Ref.

HPBK-1000
McGraw-Hill

No. 0-07-028605-1

1

1977.

Optoelectronics Applications

Manual

Model/Pub. No.

(Date) Description Ref.

AN-91 5/5953-0431

(4/80:

Threshold Detection of Visible

and Infrared Radiation with
PIN Photodiodes

P 326

AN-93 1/5952-0235
111/70]

Solid State Alphanumeric
Display. Decoder/Driver
Circuitry

Abst.

AN-934/5952-0337
(11/72!

5082-7300 Series Solid State
Display Installation

Techniques

Abst.

AN-937/5952-0396
1 5/73

1

Monolithic 7-Segment LED
Display Installation

Techniques

Abst.

AN-939/5952-0331
111/721

High Speed Optically Coupled
Isolators

Abst.

AN-941/5952-0418
1
9/73

1

5082-7700 Series 7-Segment
Display Applications

P. 332

AN-945/5952-O420
;
10/73.

Photometry of Red LEDs Abst.

AN-946/5952-0429
(11/73:

5082-7430 Series Monolithic

7-Segment Displays

Abst.

AN-947/5952-8497
7/76

1

Digital Data Transmission
Using Optically Coupled
Isolators

Abst.

AN-948/5952-0458
(3/74

1

Performance of the 5082-

4350/51/60 Series of Isolators

In Short to Moderate Length
Digital Data Transmission
Systems

P. 343

AN-951-1/5953-0413
11/79.

Applications for Low Input

Current, High Gain Optically

Coupled Isolators

P 352

AN-951 -2/5952-8451
(5/76:

Linear Applications of

Optically Coupled Isolators

P. 356

J
AN-964/5952-8345

(3/75.

Contrast Enhancement
Techniques

P. 36d|

AN-966/5953-0427
(2/80i

Applications of the HDSP-2000
Alphanumeric Display

P. 368

AN-1000/5953-0391
111/781

Digital Data Transmission
with the HP Fiber Optic

System

P. 380

AN- 1001/5953-0384

(10/78:

Interfacing the HDSP-2000
to Microprocessor Systems

P 398

AN-1002/5953-0385
(6/79.

Consideration of CTR
Variations in Optically Coupled
Isolator Circuit Designs

P. 414

AN-1003/5953-0405
(9/79

1

Interfacing 18-Segment
Displays to Microprocessors

P. 430

AN-1004/5953-0406
(11/79i

Threshold Sensing for Indus-
trial Control Systems with the

HCPL-3700 Interface

Optocoupler

P. 450

AN- 1005/5953-04 19

1 3/80

Operational Considerations

for LED Lamps and Display
Devices

P. 464
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Abstracts

APPLICATION BULLETIN 1

Construction and Performance of High Effi-

ciency Red, Yellow and Green LED Materials

The high luminous efficiency of Hewlett-

Packard's High Efficiency Red, Yellow and
Green lamps and displays is made possible by
a new kind of light emitting material utilizing a

GaP transparent substrate. This application

bulletin discusses the construction and
performance of this material as compared to

standard red GaAsP and red GaP materials,

APPLICATION BULLETIN 4

Detection and Indication of Segment Failures

in Seven Segment LED Displays

The occurrence of a segment failure in certain

applications of seven segment displays can
have serious consequences if a resultant

erroneous message is read by the viewer. This
application bulletin discusses three techniques
for detecting open segment lines and
presenting this information to the viewer.

APPLICATION BULLETIN 52
Large Monolithic LED Displays

The trend to incorporate more complex
functions into smaller package configurations
that are portable and battery powered is

reaching a point where the limiting items are

the space and power constraints imposed upon
the display at the operator-to-machine
interface. The large monolithic LED display

has been designed to meet many of these
constraints. This application bulletin describes
the beneficial features of a large monolithic
LED display and presents circuits which
interface the display to CMOS logic and to a

microprocessor.

APPLICATION BULLETIN 54
Mechanical Handling of Subminiature LED
Lamps and Arrays

The Need for Careful Mechanical Handling

Hewlett-Packard manufactures a series of

individual LED lamps and lamp arrays that are

very small epoxy encapsulated devices. These
devices are classified as having a

SUBMINIATURE package configuration. When
carefully installed on a printed circuit board,

these devices will reliably function with a long

predictable operating life.

To obtain long operating life, these
subminiature devices must be carefully

installed on the printed circuit board in such a

manner as to insure the integrity of the

encapsulating epoxy. This will in turn maintain

the integrity of the device by not permitting

mechanical and thermal stresses to induce

strains on the LED die attach and wire bonds
which may cause failure.

This application bulletin describes the

subminiature package assembly, the package's
mechanical limitations and offers specific

suggestions for proper installation.

APPLICATION NOTE 931

Solid State Alphanumeric Display...Decoder/

Driver Circuitry

Hewlett-Packard offers a series of solid state

displays capable of producing multiple

alphanumeric characters utilizing 5x7 dot
arrays of GaAsP light emitting diodes (LED'S).

These 5x7 dot arrays exhibit clear, easily read
characters. In addition, each array is X-Y
addressable to allow for a simple addressing,

decoding, and driving scheme between the

display module and external logic.

Methods of addressing, decoding and driving

information to such an X-Y addressable matrix

are covered in detail in this application note.

The note starts with a general definition of the

scanning or strobing technique used for this

simplified addressing and then proceeds to

describe horizontal and vertical strobing.

Finally, a detailed circuit description is given

for a practical vertical strobing application.

APPLICATION NOTE 934
5082-7300 Series Solid State Display

Installation Techniques

The 5082-7300 series Numeric/Hexadecimal in-

dicators are an excellent solution to most
standard display problems in commercial, in-

dustrial and military applications. The unit

integrates the display character and associated
drive electronics in a single package. This

advantage allows for space, pin and labor cost

reductions, at the same time improving overall

reliability.

The information presented in this note
describes general methods of incorporating the

-7300 into varied applications.
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APPLICATION NOTE 937
Monolithic Seven Segment LEO Display
Installation Techniques

The Hewlett-Packard series of small end-
stackable monolithic GaAsP displays are
designed for strobing, a drive method that

allows time sharing of the character generator
among the digits in a display.

This Application Note begins with an
explanation of the strobing technique, followed
by a discussion of the uses and advantages of

the right hand and center decimal point

products.

Several circuits are given for typical appli-

cations. Finally, a discussion of interfacing to

various data forms is presented along with

comments on mounting the displays.

APPLICATION NOTE 939
High Speed Optically Coupled Isolators

Often designers are faced with the problem of

providing circuit isolation in order to prevent
ground loops and common mode signals.

Typical devices for doing this have been
relays, transformers and line receivers.

However, both relays and transformers are low
speed devices, incompatible with modern logic

circuits. Lire receiver circuits are fast enough,
but are limited to a common mode voltage of 3

volts.

In addition, they do not protect very well

against grojnd loop signals. Now Optically

Coupled Isolators are available which solve

most isolation problems.

This Application Note contains a description of

Hewlett-Packard's high speed isolators, and
discusses their applications in digital and
analog systems.

APPLICATION NOTE 945
Photometry of Red LEDs

Nearly all LEDs are used either as discrete

indicator lamps or as elements of a segmented
or dot-matrix display. As such, they are viewed
directly by human viewers, so the primary
criteria for determining their performance is

the judgment of a viewer. Equipment for

measuring LED light output should, therefore,

simulate human vision.

This Application Note will provide answers to

these questions:

1. What to measure (definitions of terms)

2. How to measure it (apparatus arrangement)
3. Whose equipment to use (criteria for

selection)

APPLICATION NOTE 947

Digital Data Transmission Using Optically

Coupled Isolators

Optically coupled isolators make ideal line

receivers for digital data transmission
applications. They are especially useful for

elimination of common mode interference
between two isolated data transmission
systems. This application note describes
design considerations and circuit techniques
with special emphasis on selection of line

drivers, transmission lines, and line receiver

termination for optimum data rate and
common mode rejection. Both resistive and
active terminations are described in detail.

Specific techniques are described for

multiplexing applications, and for common
mode rejection and data rate enhancement.

OPTOELECTRONICS APPLICATIONS
MANUAL (HPBK-1000)

The commercial availability of the Light

Emitting Diode has provided electronic sys-

tem designers with a revolutionary component
for application in the areas of information

display and photocouplers.

Many electronic engineers have encountered

the need for a resource of information about

the application of and designing with LED
products. This book is intended to serve as an

engineering guide to the use of a wide range of

solid state optoelectronic products.

The book is divided into chapters covering

each of the generalized LED product types.

Additional chapters treat such peripheral

information as contrast enhancement tech-

niques, photometry and radiometry, LED
reliability, mechanical considerations of LED
devices, photodiodes and LED theory.

This book can be purchased from a Hewlett-

Packard franchised distributor or from the

McGraw-Hill Publishing Company. A com-
plete listing of all HP Components franchised

distributors can be found on pages 472-474.
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Soldering Hewlett-Packard

Silver Plated Lead Frame LED Devices

INTRODUCTION

Since the price of gold has increased several times over

past years, the cost of a gold plated lead frame has

increased substantially above the cost of a silver plated

lead frame. The impact of this increase in cost has been
industry wide.

By using silver plating, no additional manufacturing

process steps are required. Silver has excellent electrical

conductivity. LED die attach and wire bonding to a silver

lead frame is accomplished with the same reliability as

with a gold lead frame. Also, soldering to a silver lead

frame provides a reliable electrical and mechanical solder

joint. Soldering silver plated lead frame LED devices into a

printed circuit board is not more complicated than

soldering LED devices with gold plated lead frames. This

application bulletin offers some suggestions on how to

solder HP silver plated lead frame LED devices.

THE SILVER PLATING

The silver plating process is performed as follows: The
lead frame base metal is activated .'cleaned) and then

.plated with a copper strike, nominally 50 microinches

f0.00127mm> thick. Then a minimum 150 microinch

(0.00381mm) thick plating of silver is added. A
"brightener" is usually added to the silver plating bath to

insure an optimum surface texture to the silver plating.

The term "brightener" comes from the medium bright

surface reflectance of the silver plate.

Since silver is porous with respect to oxygen, the copper
strike acts as an oxygen barrier for the lead frame base
metal. Thus, oxide compounds of the base metal are

prevented from forming underneath the silver plating.

Copper readily diffuses into silver forming a solution that

has a low temperature eutectic point. The interdiffusion

between the copper strike and the silver overplate

improves the solderability of the overall plating system. If

basic soldering time and temperature limits are not

exceeded, a lead frame base metal-copper-silver-solder

metallurgical bonding system will be obtained.

THE EFFECT OF TARNISH

Silver reacts chemically with sulfur to form the tarnish,

silver sulfide iAg2S:. The build-up of tarnish is the primary

reason for poor solderability. However, the density of the

tarnish and the kind of solder flux used actually determine

the solderability. As the density of the tarnish increases,

the more active the flux must be to penetrate and remove
the tarnish layer. Some recommended fluxes and
cleaner/surface conditions are discussed in the "Solder,

Flux and Cleaners" section.

STORAGE AND HANDLING

The best technique for insuring good solderability of a

silver plated lead frame device is to prevent the formation

of tarnish. This is easily accomplished by preventing the

leads from being exposed to sulfur and sulfur compounds.

The two primary sources of sulfur are free air and most

paper products such as paper sacks and cardboard

containers. The best defense against the formation of

tarnish is to keep silver lead frame devices in protective

packaging until just prior to the soldering operation. One
way to accomplish this is to store the LED devices

unwrapped in their original packaging as received from

HP. For example, Hewlett-Packard ships its seven

segment display products In plastic tubes which are

sealed air tight in polyethylene. It is best to leave the

polyethylene intact during storage and open just prior to

soldering.

Listed below are a few suggestions for storing silver lead

frame devices.

1. Store the devices in the original wrapping unopened
until just prior to soldering.

2. If only a portion of the devices from a single tube are to

be used, tightly re-wrap the plastic tube containing the

unused devices in the original or a new polyethylene

sheet to keep out free air.

3. Loose devices may be stored in zip-lock or tightly

sealed polyethylene bags.

4. For long term storage of parts, place one or two
petroleum napthalene mothballs inside the plastic

package containing the devices. The evaporating

napthalene creates a vapor pressure inside the plastic

package which keeps out free air.

5. Any silver lead frame device may be wrapped in "Silver

Saver" paper for positive protection against the

formation of tarnish. "Silver Saver" is manufactured by:

The Orchard Corporation
1154 Reco Avenue
St. Louis, Missouri 63126 1312) 822-3888
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6. To reduce shelf storage time, it will be worthwhile to

use inventory control to insure that the devices tirst

received will be the first devices to be used.

One caution: The adhesives used on pressure sensitive

tapes such as cellophane, electrical and masking tape

can soak through silver protecting papers and may
leave an adhesive film on the leads. This film reduces
solderability and should be removed with freon T-P35,
freon T-E35 or equivalent prior to soldering.

SOLDER, FLUX AND CLEANERS

The solder most widely used for soldering electronic

components into printed circuit boards is Sn60 [60% tin

and 40% lead: per federal standard QQ-S-571. Two
alternates are the eutectic composition Sn63 and the 2%
silver solder Sn62.

As the device leads pass through the solder wave of a flow

solder process, the tin in the solder scavenges silver from
the silver plating and forms one of two silver-tin

intermetallics (AgeSn or Ag3Sn |, This silver in the molten
solder should not be considered a contaminant. As the

silver content increases, the rate of scavenging decreases
and the probability of obtaining the desired base metal-

copper-silver-solder metallurgical system is improved. The

result is that the silver content in solder, which reaches a

maximum of 2-1/2% in Sn60 at 230° C, aids in producing
reliable solder joints on silver plated lead frames.

Solder flux classifications per federal standard QQ-S-571

,

listed in order of increasing strength, are as follows:

Type R: Non-Activated Rosin Flux

Type RMA: Mildly Activated Rosin Flux

Type RA: Activated Rosin Flux

Type AC: Organic Acid Flux, Water Soluble

Suggested applications of these flux types with respect to

various tarnish levels are as follows:

Silver plated lead'frames that are clean, contaminant and
tarnish free may be soldered using a Type R flux such as

Alpha 100.

Minor Tarnish

Since some minor tarnish or other contaminant may be
present or the leads, a type RMA flux such as Alpha 611 or

611 Foam, Kester 197 or equivalent is recommended.
Minor tarnish may be identified by reduced reflectance of

the ordinarily medium bright surface of the silver plating.

Type RMA fluxes which meet MIL-F-14256 are used in the

construction of telephone communication, military and
aero space equipment.

Mild Tarnish

For a mild tarnish, a type RA flux such as Alpha 711-35,

Alpha 809 foam, Kester 1544, Kester 1585 or equivalent

should be jsed. A mild tarnish may be identified by a light

yellow tint to the surface of the silver plating.

Moderate Tarnish

A type AC water soluable flux such as Alpha 830, Alpha

842, Kester 1429 or 1429 foam, Lonco 3355 or equivalent

will give acceptable results on surface conditions up to a

moderate tarnish. A moderate tarnish may be identified by
a light yellow-tan color on the surface of the silver plating.

If a more severe tarnish is present, such as a heavy tarnish

identified by a dark tan to black color, a cleaner/surface

conditioner must be used. Some possible cleaner/surface

conditioners are Alpha 140, Alpha 174, Kester 5560, and
Lonco TL-1

.
The immersion time for each cleaner/surface

conditioner will be just a few seconds and each is used at

room temperature. For example. Alpha 140 will remove
severe tarnish almost upon contact: therefore, the

immersion time need not exceed 2 seconds. These!
cleaner/surface conditioners are acidic formulations.

Therefore, thoroughly wash all devices which have been

cleaned with a cleaner/surface conditioner in cold water.

A hot water wash will cause undue etching of the surface

of the silver plating. A post rinse in deionized water is

advisable.

CAUTION: These cleaner/surface conditioners may etch

exposed glass and may have a detrimental effect upon the

glass filled encapsulating epoxies used in optoelectronic

devices. Complete immersion of an optoelectronic device

into a surface conditioner solution Is NOT recommended.
For best results, Immerse only the tarnished leads and do
not expose the encapsulating epoxy to the solutions.

The cleaning of printed circuit boards after soldering is

important to remove ionic contaminants and increase

circuit reliability. When a Type RMA or Type RA flux is

used, vapor clean with an azeotrope of fluorocarbon F1 13

and approximately 15% alcohol by weight. Some
equivalent products are Allied Chemical Genesolve
DI-15/DE-15, Blaco-Tron DE-15/DI-15 and Arklone K. A
Type RMA or Type RA flux is a mixture of basic Type R
rosin flux and an organic acid. The fluorocarbon F113
removes the residual rosin and the alcohol removes the

residual active ions. Room temperature cleaning may be

accomplished by using Freon T-E35. T-P35 or equivalent.

When a Type AC flux is used, wash thoroughly with water.

Specific cleaning processes are suggested in the

soldering process section.

SOLDERING PROCESS
Before the actual soldering begins, the printed circuit

boards and components to be soldered should be free of

dirt, oil. grease, finger prints and other contaminants.

Fluorinated cleaners such as Freon T-P35 may be used to

preclean both the printed circuit boards and LED devices.!

Operators may wear cotton gloves to prevent finger'

prints when loading components into the printed circuit

boards.

If the silver lead frames have acquired an unacceptable

layer of tarnish, remove this tarnish layer with a

cleaner/surface conditioner just prior to soldering. Since

a cleaner/surface conditioner does slightly etch the

surface of the silver plating, the silver leads are now more
susceptible to tarnish formation. Therefore, use a

cleaner/surface conditioner only on those silver lead

frame devices which will be soldered within a four hour

time period. The effect of various tarnish levels on the

choice of flux is discussed in the previous section.

Many of Hewlett-Packard's LED Lamps and Display

products have a soldering specification of 230°C :446°F:

for a maximum time period of 5 seconds. Therefore, in a

flow solder operation adjust the solder temperature and
belt speed to conform to this specification, or as is

specified on the device data sheet. The flow solder

operation may now proceed in a normal fashion. For best

results, any one single lead should be immersed in molten

solder for as short a time period as possible. At a solder
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temperature of 230°C 446°Fi, Sn60 solder will dissolve

silver at the rate of 60 microinches per second. Therefore,

with an initial silver plating thickness of 150 microinches,

an immersion time of 2 seconds will provide the desired

lead base metal-copper-silver-solder metallurgical sys-

tem. At a solder temperature of 260°C (500°F:, Sn60
ksolder will dissolve silver at the rate of 80 microinches per

'second. These dissolving rates decrease as the silver

content increases in the molten solder bath.

Post cleaning of soldered assemblies when a type RMA or

Type RA flux has been used may be accomplished via a

vapor cleaning process in a degreasing tank, using an

azeotrope of fluorocarbon F113 and alcohol as the

cleaning agent. A recommended method is a 15 second
suspension in vapors, a 15 to 30 second spray wash in

liquid cleaner, and finally a one minute suspension in the

vapors. When a water soluable Type AC flux such as Alpha

830 or Kester 1 429/1 429F Is used, the following post

cleaning process is suggested: thoroughly wash with

water, neutralize using Alpha 2441 or Kester 5760 or

Kester 5761 foaming, then thoroughly wash with water

and air dry.

CAUTION: The use of tetrachloro-di-fluoroethane [F112),

acetone, trichloroethylene, MEK. carbon tetrachloride

and similar solvents as cleaning agents is NOT
recommended, as these cleaners will attack or dissolve

the epoxies used in optoelectronic devices.

A WORD ABOUT PRINTED CIRCUIT BOARDS
Printed circuit boards, either single sided, double sided or

multilayer, may be manufactured with plated through

holes with a metal trace pad surrounding the hole on both

sides of the printed circuit board. The plated through

hole is desirable to provide a sufficient surface for the

solder to wet, and thereby be pulled up by capillary

attraction along the lead through the hole to the top of the

printed circuit board. This provides the best possible

solder connection between the printed circuit board and

the leads of the LED device.

SOLDERED LEADS

Figure 1 illustrates an ideally soldered lead. The amount of

solder which has flowed to the top of the printed circuit

board is not critical. A sound electrical and mechanical

joint Is formed.

Figure 2 Illustrates a soldered lead which is undesirable

METALLISATION
PAD

PRINTED CIRCUIT 30ARD

PC. 80AHD
METALLIZATION

SOLDER HASWETTEO LEAD AND PLATED
THROUGH HOLE AND HAS FLOWED TO
TOP OF PC BOARD EXPOSED LEAD
SHOWS 95* SOLOER COVERAGE,
INDICATING PROPER WETTING.

Figure 1. Ideally Soldered Lead

VETALLIZATION
PAD

PRIMED CIRCUIT
BOARD

PC. BOARD
METALLIZATION

MENISCUS TURNS INWARO

LACK OF 50LDER COATING ON
LEAD INDICATES INSUFFI&ENT
WETTING

Figure 2. Undesirable Soldered Lead
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LIST OF MANUFACTURERS
Alpha Metals. Inc.

56 G Water Street

Jersey City, New Jersey 07304

302 434-6778

London Chemical Co. Lonco*
240 G Fosler

Bensenville, Illinois 60106
1312.287-9477

E.I. DuPonte De Nemours & Co.
Freon Products Division

Wilminton. Delaware 19898
302

1 774-8341

Frank Curran Co. Petroleum Naplhalene Mothballs
8101 South Lemont Road
Downers Grove, Illinois 60515
312' 969-2200

Kester Solder Co.
4201 G Wrightwood Avenue
Chicago, Illinois 60639
i312 235-1600

Allied Chemical Corporation

Speciality Chemicals Division

P.O. Box 1087R
Morristown, New Jersey 07960
201

1
455-5083

Baron-Blakeslee (Blaco-Tron;8

1620 S Laramie Avenue
Chicago. Illinois 60650
312' 656-7300

Imperial Chemical Industries, Ltd. Arklone •«

Imperial Chemical House. Millbank

London SW1P3JF. England
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Manko. Howard H. Solders and Soldering. New York:

McGraw-Hill 1964

Coombs. Clyde F Primed Circuits Handbook. New York:

McGraw-Hill, 1964.

Flaskerud. Paul and Rick Mann. "Silver Plated Lead Frames <o

Large Molded Packages." IEEE Catalog No. 74CH0839-1PH
119741. pp. 211-222. •
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Bulletin 56
INTERFACE TIMING AND DISPLAY LENGTH EXPANSION

INFORMATION FOR THE HDSP-2000 CODED DATA CONTROLLER

The HDSP-2000 CODED DATA CONTROLLER shown in

Application Note 1001 is a versatile circuit and is easily

modified to multiplex any display length. This Application

Bulletin contains the key timing information and a detailed

explanation of how the circuit operates. With this

information, it should be a straightforward exercise to

expand the display to any desired length. Included in this

Application Bulletin are designs for 32, 64. and 128

character displays. The ASCI I to 5x7 decoder table within

the Motorola MCM6674 ROM has also been shown. This

decoder table can be stored within a Bipolar PROM if

faster speeds are required.

The circuit shown in Figure 2 shows a CODED DATA
CONTROLLER designed for a 32 character HDSP-2000
alphanumeric display. The key waveforms shown in

Figure 1, labeled © @ , and ® , are shown to

simplify the analysis of thiscircuit. Label © isthelMHz

clock. Label ® is the output of 7404 pin 2 which is the

inverted Qo output of the 74197. Label ® is the output

of the 7404 pin 6 which is the ANDed output of 2Qb, 2Qc,

and 2Qd of the 74393. The Motorola 6810 RAM stores 32

bytes of ASCII data which is continuously read, decoded,

and displayed. The ASCII data from the RAM is decoded

by the Motorola 6674 128 character ASCII decoder. The

6674 decoder has five column outputs which are gated to

the Data Input of the display via a 74151 multiplexer.

Strobing of the display is accomplished via the 74197,

74393, and 7490 counter string. The 741 97 is connected as

a divide by 8 counter that sequentially selects the seven

rows within the 6674. As shown by waveform @ , the

74197 also enables seven clock cycles to be gated to the

clock input of the display. The 74393 is a divide by 256

counter connected so that the five lowest order outputs

select each of the 32 ASCII characters within the RAM.

The three highest order outputs determine the relation-

ship between load time and column on time. When 2Qb =

2Qc = 2Qd = 1 of the 74393. waveform ® goes to a

logical 1. The circuit then scans 32 characters from the

RAM and serializes the column data by counting through

each of the seven rows of the 6674 and gating the

appropriate column of the display. During the seven

counts when 2Qb, 2Qc, and 2Qd of the 74393 are not equal

to a logical 1, the column data is displayed, as shown in

waveform © . Since only one column can be on at a

single moment, the highest possible column on time is 1/5

or 20%. Thus, the column on time of the display in Figure 2

is (20%) (7/8) or 17.5%.

DISPLAY
CLOCK

©

IJl^TTLrLTLnJ
ROW iIrOW ?|rOW 3mOW dlROW 5 Snow 61ROW 7

* CHARACTER 1 *

-TJ-LTLTLri/T-nJ
ROW iIbOW2|rOW3[bOV(4| I P.OW 1 R OV. 7

4 CHARACTERS 2-32 *

224 CLOCK CYCLES

224 CLOCK CYCLES

H COLS.!*
OFF I

(LOAD!

I
1 I 2 I 3 I

«
I 5 I 6 I I | 1 | 2 | 3 | 4 | 5

COLUMNS ON H'SwH COLUMNS ON

(LOAD]

COLS.I^
OFF p

Figure 1. Timing Information for the 32 Character HDSP-2000 CODED DATA CONTROLLER
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Changing the display length to 64 characters is a simple

modification. This configuration can be easily realized by

disconnecting 2Qb of the 74393 from the 7410 and

connecting it through the remaining tri-state buffer on the

74LS367 and using the 6810 RAM to store 64 ASCII

characters. By leaving only 2Qc and 2Qo attached to the

7410, the column on time of the display is reduced from

17.5% to 15%. This reduction is caused because the

relationship between actual column on time and

theoretical column on time is 3/4 as opposed to 7/8 for the

32 characters. Since the display length has been doubled,

the drive transistors must be upgraded to handle the

higher column currents.

To implement a 128 character display, several modifi-

cations are needed. These changes are incorporated into

the circuit in Figure 5. First, the input clock frequency has

been increased to 2 MHz. This has been done to maintain a

refresh rate of approximately 100 Hz for each digit, thus

providing a flicker-free display. This higher speed of

operation causes propagation delay problems within the

MCM6674 iNMOS: whose maximum access time is 350ns.

For this reason, the MCM6674 must be replaced by a faster

Bipolar PROM. Refer to Figure 3 for a list of 1 Kx8 PROMs
that will function correctly in the circuit. From this list, the

82S2708 maximum access time of 70ns i has been

implemented. If this PROM is programmed with the code

listed in Figure 4, it will decode a character font identical to

the MCM6674. This same propagation delay problem is

present with the MCM6810 RAM. Following worst case

design procedures, the MCM68A10 1.5 MHz RAM should

be used. To accommodate the additional address line

made necessary by the display length expansion, the two

74LS367 tri-state buffers have been replaced with the

74LS244 octal version. Strobing of the display is

accomplished using the 74197, 74393, and 7490 counter

string. The 74197 is connected as a divide by 8 counter

that sequentially selects the seven rows within the

82S2708. The 74393 Is a divide by 256 counter connected

so that the seven lowest outputs select each of the 128

ASCII characters within the RAM. The previously unused

input A/output Qa of the 7490 has been used as an

additional divide by 2 counter. Thus, when the highest

output of the 74393, 2Qd. and the Qa output of the 7490 are

NANDed through 7437, the basic relationship between

load time and column on timeisestablished. However, the

external gating that has been added does affect the

column on time slightly. Although these additional gates

increase the total package count by one. they perform the

necessary function of ensuring that the column drivers are

turned off before the clock is gated to the display. This

prevents noise from being generated on the clock of the

display and eliminates erroneous display data. The

resultant column on time is : 23/32 1 ;1/5» or 14.4%. The

final modification made concerns the necessary column

current needed to drive the display. Since the HDSP-2000

is rated at lcoi(max) = 410 mA and there are 32 modules of

four digits each, the transistors must source up to [32)

;410 mAi or approximately 13A. Darlington PNP power

transistors 2N6285: with the proper resistors have been

used to accomplish this task.

Part

Number Manufacturer Construction

7608 Harris Bipolar — NiCr

3628-4 Intel Bipolar — SI

82S2708 Signetics Bipolar — NiCr

6381 Monolithic Memory Bipolar — NICr

6385 Monolithic Memory Bipolar — NiCr

825228 National Bipolar — TiW
93451 Fairchild Bipolar — NiCr

Figure 3. 1Kx8 PROMs for Use in the HDSP-2000 COOED
DATA CONTROLLER

200 F1 FO E4 El tF F5 F4 FF E9 FF FF FS E4 FF FS f5 ROW 4

210 FF F7 F7 Fn Fn F6 EA FF E4 EE E8 FF fh FO FJ F/

220 EO E4 EO EA EE E4 E8 FO EB E2 FF FF EC FF EO E4

i PROM
ADDRESS

HEXIDECIMAL DATA 230

240

FB
En

E4
Fl

EE

EE
ES
FO

F?

EO

El FE E4

FC FC F3

EE

FF

EF

E4

EO

H
EC

FB

FO

FO

EO

FB

E1

F3

E2

Flw 250 FF F1 FE EE E4 F1 EA Fl E4 E4 E4 EB E4 12 bO EO

260 E? E1 F9 Fl F3 Fl EE EO F9 E4 El F4 E4 FB F8 F1

270 F9 F3 F9 FO F.l F1 F1 F1 EA EF u E8 Fn F? to Fb

080 T F FF 64 c 1 FB FF Fn FF E4 EO FF FO F4 FO EF EE R0W1 ?80 Fl FO E4 El E4 FB F8 EA tt- fj FO Ft lb E8 Fo Fl ROW 6

090 FF FF EE EE FF FO EE Fl FF E4 EE EE FF FF FF FF 290 F1 Fl FB FB Fl F8 EA El EA E4 E4 Fl n FS FS Fl

0A0 EO F4 FA EA E4 Ft FS EC E2 EB 14 EO FO EO EO EC 2A0 EO E4 EO FF tb E8 F5 EO FJ E2 tt t4 tt to EO tB

0B0 FF E4 FF FF F? FF H FF EE EE EO EC E2 EO E8 EE 2BO F9 E4 FO El FF E1 Fl E8 F1 ti EC EC M FF E2 t4

OCO Ff F4 FF FF FF FF FF FF Fl EE El Fl FO F1 Fl EE 2C0 FB FF E9 FO M FO FO Fl Fl E4 I l F4 FO H F1 F l

0D0 FF FF FE FF FF F1 Fl Fl Fl Fl FF EE EO EE E4 EO 2D0 FO FS F4 El E4 F1 EA F5 EA M EB 1:8 ti fc2 EO LO

0E0 F(l E0 F0 FO E1 EO F2 Fn FO E4 Fl FO EC EO EO EO 2E0 EO EF F1 FO Fl FF E4 El M E4 E1 F8 14 Fb F1 Fl

0F0 FH Fn Fn FO F4 FO 111 FO EO Fl FO F? 14 FB EB EA 2F0 FB En FO EE E4 Fl F1 F5 E4, El L.1 1:4 IV t4 to FA

100

110

F1

F1

F0

FS

E4

Fl

El

F1

t4

FB

Fl

FB

El

FA
Fl

Fl

E8 E4

Fl E4

EO
F1

14

F1

Fl

FB

Li

Fl

Fl

Fl

Fl

FS

ROW 2 300

310

Fl

Fl

FO

Fl

e;

FS

El

FB

F?

F1

Fl FO EA
FO EA El

El

Fl

E4

E4

bO

to

F.l

F1

tt

Fl

t4

FS
F1

FS

Fl

Fl

ROW 6

120 Fn F4 EA FA FF FH F4 M E4 E4 FS E4 EO EO EO El 320 EO EO EO EA Ft F3 F2 EO L4 E4 Fa t.l FB bO EC FO

130 F1 FT F1 Fl Ff, FO F8 Fl Fl Fl FC EC F.'. EO E4 Fl 330 Fl E4 FO Fl E2 Fl F1 FO Fl E2 EC H E4 EO t4 to

140 F1 FA F9 Fl F" FO FO FO Fl E4 E1 F? FO FB F9 Fl 340 FS F1 E9 Fl E9 FO FO Fl F1 E4 Fl F2 FO F1 H H
1SO F1 Fl Fl Fl F4 Fl Fl F1 Fl Fl El FS FO E2 EA EO 3B0 FO F2 F2 F1 E4 Fl E4 FB F1 E4 FO FS tl E2 to to

160 Ffi F0 F0 E0 Fl FO FB F3 FO EO FO FO E4 EO EO EO 360 EO F1 FS Fl F3 FO E4 Fl M b4 F1 F4 E4 FS M Fl

170 F'l Fl F0 F0 E4 FO EO FO EO F1 FO ft E4 E4 F5 F5 370 FO El FO El 16 F3 EA FB t-A Fl IB IV. 14 S4 tu V\

180 Fl F0 F4 Fl r? Fri F? Fl FE E2 EO E4 FE E8 FB Fl ROW 3 380 FF FO FF FF El FF EO FB El to Fl- til t.l to bb tt ROW 7

190 F1 Fb Fl Fl FA E2 FA Fl EA EE FO Fl FB F1 Fl FB 390 FF EE EE EE EE EO FB E1 FF L4 t4 El FF FF FF FF

1A0 rn F4 FA FF F4 f? F4 FH E8 E2 CI 14 EO EO EO E2 3AO EO E4 EO EA E4 E3 ED EO E2 E8 E4 EO FO tu EC to

1B0 it F4 E1 El EA FF FO n Fl Fl EC EO 18 FF E2 E1 3B0 EE EE FF tt E2 EE EE FO tt EC to FO tl H E8 E4

ICO Fl F1 E9 F0 E9 FO FO FO Fl E4 El F4 FO F5 FB Fl 3C0 EE Fl FE EE Ft FF FO EF Fl Et tt Fl rF H Fl tt

100 Fl F1 Fl F0 F4 F1 F1 F1 EA EA E2 EF EB E2 Fl EO 3DO FO EC Fl tt E4 EE E4 F1 Fl E4 FF tt to tt EO FF

1C0 F4 FF F6 FF FD EF F4 F3 FG EC E1 n E4 FA F6 EE 3EO EO EF FS tt tu EE E4 EE Fl Et EE n tt FS F1 II

1F0 Fl Fl FC- EF FF Fl Fl Fl Fl F1 FF 14 14 Ed E2 EA
|
3F0 FO El FO Ft t2 ED E4 EA Fl tt FF 12 t4 b8 to tA

Figure 4. 82S2708 PROM Lilting
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HEWLETT
PACKARD APPLICATION BULLETIN

Flux Budget Considerations for

Fiber Optic Link Design

This application bulletin is intended to supplement Appli-

cation Note 1000. Basic information on (lux budgeting

with specific examples using the Hewlett-Packard HFBR-
1002 Fiber Optic Transmitter. HFBR-2001 Fiber Optic

Receiver, and HFBR-3000 Series Fiber Optic Cable/Con-

nector Assemblies is presented.

To determine the performance of a fiber optic system,

three main areas must be considered:

Transmitter Output Optical Flux

Receiver Input Sensitivity

System Insertion Losses

When designing a fiber optic system, an analysis that

includes temperature, humidity, and voltage variations

will require using the minimum transmitter output flux

and corresponding minimum receiver input sensitivity to

ensure the performance of the fiber optic system for the

environmental conditions of the system.

Transmitter Output Optical Flux

'The transmitter output optical flux. (0T ), is usually ex-

pressed in microwatts (pw). For convenience in system

calculations, the output flux can be expressed in dBm,
allowing all system calculations to be algebraic summa-
tions.

When changing microwatts todBm, the output optical flux

is referenced to one milliwatt (1000^W).

do
Transmitter Output Flux, T (dBm) = 10 log

(0O « 1000/AfV)

Receiver Input Sensitivity

The receiver input sensitivity is the minimum input flux

that will produce a particular Bit Error Rate (BER) at a

specified baud rate. The receiver sensitivity is a function of

its internal noise and bandwidth. The receiver sensitivity,

4> p . may be expressed in microwatts or in dBm for

convenience in system calculations.

rImWI
Receiver Input Sensitivity. R (dBm) 10 log

System Insertion Loss

The system insertion loss is defined as the total of all

losses of optical flux in the transmission path. The losses

at the connector interfaces are caused by reflections,

differences in fiber diameter. N.A.. and fiber alignment.

The system insertion loss also includes losses in the fiber

due to scattering and absorption. Each loss is subscripted

to correspond to its location in the system and the loss is

expressed in decibels. For a worst case design, values

should be used taking temperature, humidity, etc. into

account for the maximum loss.

A typical system insertion loss includes:

Transmitter to Cable/
- ore <dB)

- oQ -i (dB/km- length)

- oCR («)

- acc (dB)

-
<»s (dB)

- aDC (dB)

- «sc (dB)

(0O = 1000^W)
00

Connector Assembly

Steady State Fiber Losses

Cable/Connector Assembly
to Receiver

Connector to Connector

Splice

Directional Coupler

Star Coupler

Flux Budget

The flux budget calculation is a method of comparing the

ratio of transmitter optical flux and receiver sensitivity to

the total loss of the system.

The System Flux Ratio is the ratio of transmitter output

flux to the receiver input sensitivity and is expressed in

decibels.
0t!mW>

System Flux Ratio. o FR (dB) = 10 log XTJJU)

If the transmitter output flux and receiver sensitivity are

already expressed in dBm. the System Flux Ratio is merely

the difference between 0-j and R .

System Flux Ratio, oFB(dB) = T (dBm) - R (dBm)

The System Insertion Loss. oSL (dB). is then computed by

summing the individual element losses in the transmission

path.

aSL (dB)
= 2oj(dB)
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For a system to work satisfactorily, the losses must not

exceed the System Flux Ratio. The Flux Margin, oM , is the
difference between the System Flux Ratio, ofb. and the

System Insertion Loss, oSl For a system to operate, the

flux margin must be greater than zero.

aM (dB) « aFR (dB)-o SL (dB)

oM (dB) >0

Some designs may require a specific flux margin to

account for losses that may increase with time, or to

"design-in" a safety margin.

4
Sample Flux Budget Calculation

DATA SHEET PARAMETERS MIN TVP MAX UNITS NOTES

HFBR-1002
Transmitter

Output Optical

Flux

50 100 l/W
•

-13 -10 dBm

HFBR-2001
Receiver

Input Optical

Sensitivity

0.8 0.5 /jW
•

-31 -33 dBm

HFBR-3000 Series

Cable/Connector
Insertion

Loss

Length

Dependent 7 10 dB/km "A 820nm 6 > 300m
F.xed 5.4 8.4 aB "A = 820nm E < 300m

NOTE: Guaranteed specifications 0°C-70°C, ±5% Voltage. 10~9 BER @ 10 Mbaud

A sample "flux budget" calculation is presented for a
Hewlett-Packard 1000 metre point-to-point fiber optic

system. Tie system uses a Hewlett-Packard HFBR-1002
Transmitter, HFBR-2001 Receiver, and an HFBR-3000
series 1000 metre Cable/Connector Assembly with no
intermediate connector or splice.

> 1000m

, 1 .

M HFBR 3000 SERIES CABLE/CONNECTOR »n

P I

«,.!
) C MFBR-2001

1. System Flux Ratio

The System Flux Ratio is the ratio of the transmitter

output flux to the receiver input sensitivity.

System Flux Ratio, o Fr
=

OR oFR = «T (dBm) - R (dBm) = -13dBm - (-31dBm)

= 18dB

2. System Insertion Loss

"su
=
-°i * °tc + <*o S + nCH

The loss from the Transmitter to Cable, otc. is not
directly measurable and is shown as a "typical" value
on the HFBR-1002 data sheet.

More easily measurable and convenient to state is a

maximum insertion loss from the Transmitter to theend
of a cornectored cable of length, S, called <rrS.for use in

system flux budgeting calculations. The insertion loss

then includes ore. ,h8 !°ss of the cable, and ocr. This
approach is convenient for systems where the propa-
gation characteristics of the cable have not reached a

steady state, and values of both qtc and o are a

function of the cable length.

The insertion loss ore may be easily expressed as the

difference between two measurable quantities:

<pj — Transmitter Output Flux

0g— Flux Measured at the end of a cable of length, t

01 HFBH 3000 SERIES CABLE CO\\EC7QR
MFBR 1002

|
|-

P..
i LUX METEDTER

oT S (dB) = T (dBm) -
e (dBm)

Using this measurement method, under worst-case

conditions, the maximum insertion loss is 15.4dBfora
Hewlett-Packard 1000 metre fiber optic system.

The System Insertion Loss can then be expressed as:

"SL = <*Tg = 15.4dB

3. System Flux Margin

Flux Margin. qm . is the difference between the System
Flux Ratio and the System Insertion Loss.

Flux Margin = System Flux Ratio—System Insertion

Loss

°m = "fr -
"SL

oM = 18.0dB - 15.4dB

oM = +2.6dB

In this example, the Flux Margin, aM . represents the
worst case margin: 0-70° C, 10" 9 BER@ 10Mbaudfor
a 1000 metre system.
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Graphical Representation

The insertion loss lor a Hewlett-Packard point-to-point

system (using the HFBR-1002, HFBR-2001. and HFBR-
3000 Series Cable/Connector) can be represented graphi-

cally. The graph is a convenience for readily determining

the flux margin for systems less than 1000 metres and also

is a guide for determining the flux margin available when
splices, connectors, and couplers are a proposed part of a

fiber optic system.

For the HFBR-1002 Transmitter and the HFBR-3000 series

Cable/Connector Assembly steady state propagation oc-

curs at distances greater than 300 metres from the

transmitter. Therefore the system insertion loss for a

Cable/Connector Assembly less than or equal to 300
metres is defined as a single insertion loss, aF (cSB). For

lengths greater than 300 metres the system insertion loss

is composed of two parts: 1 1 the fixed loss, apt'dB
:

. fi < 300
metres; and 2) a length dependent loss, a (d8/Km), the

linear cable attenuation, valid where optical flux is in

equilibrium (E>300m).

Two cases will be graphed, one using typical data sheet

values, the second using worst case insertion losses.

1. Typical System Insertion Loss

<*sl
= °f Oyp)

aSL = 5.4dB

(
t> < 300m)

"St QF (typ) "o (»yP) •
< B - 300) . ( J > 300m)

oSL = 5.4dB + 0.007 (dB/m) •
[ S (m) - 300)

2. Typical Flux Ratio

*FR«- io-as = 2mb

3. Worst Case Insertion Loss

«sl = °f (max), ( 8 < 300m)

aSu = 8.4dB

aSL - a F (max) + a (max) -(8-300) ,(B>300m)

oSL = 8.4dB + 0.010 (dB/m) [ 8 (m) - 300]

4. Worst Case Flux Ratio

°™ = 10lo9fS =18dB

As shown on the graph, the Flux Margin Is the number
of dB between the System Flux Ratio line and the

System Insertion Loss. Hewlett-Packard system per-

formance (worst case') guarantees a minimum Flux

Margin at 1000 metres of 2.6dB, while typical per-

formance is greater than 12dB. For a 300 metre system

worst case Flux Margin is 9.6dB and typical per-

formance is greater than 17dB.

As demonstrated by the graph, the H-P system can be

expected to function at distances considerably beyond
1000 metres under typical operating conditions.

0-70° C, 10"9 BER @ 10Mbaud
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J PACKARD APPLICATION NOTE 915

Threshold Detection of Visible

and Infrared Radiation

withPINPhotodiodes

•

Traditionally, the detection and demodulation of ex-

tremely low level optical signals has been performed with

multiplier phototubes. Because of this tradition, solid-state

photodctectors are often overlooked even though they have
a number of clear functional advantages and in some appli-

cations provide superior performance as well. Some of these

advantages are summarized below and become even more
apparent in the following discussion.

ADVANTAGES OF PIN PHOTODIODES VERSUS
MULTIPLIER PHOTOTUBES

1. Size and weight:

PIN photodiodes are approximately three orders of

magnitude smaller and lighter. This greatly simplifies

and reduces the cost of mounting.

2. Power Supply:

Multiplier phototubes require more than 1000 volts,

which must be precisely regulated and divided among
the dynodes. By comparison. PIN photodiodes and asso-

ciated amplifiers operate stably on less than 20 volts,

which does not require precise regulation.

3. Cost:

The cost, including that of the necessary amplifier, is

lower I'or the PIN photodiode because of lower power
supply requirements.

4. Spectral Response:

Broad skirts of the PIN photodiode make it useful

from the ultra-violet, through the visible, and well into

the inflated region. This exceeds the range of any-

other device of comparable sensitivity.

5. Sensitivity:

Noise equivalent power of the PIN photodiode is

lower than that of any other type of photodetector.

The signal levels are extremelv low, however, and to

achieve low level performance they require a high gain,

high input resistance amplifier. Multiplier phototubes

have built-in gain and do not require additional low-

noise amplification. Moreover, the high input resistance

needed for sensitive performance precludes fast re-

sponse, whereas the response time of multiplier photo-

tubes may be in the nanosecond region even in the

sensitive mode.

6. Stability:

The characteristics of noise, responsivity, and spectral

response of the PIN photodiode are not dependent on
time, temperature, or other environmental considera-

tions. The same conditions may be hazardous to mul-
tiplier phototubes.

7. Overloading:

In the presence of excessive signal, multiplier photo-
tubes of comparable sensitivity are capable of destroy-

ing themselves as a result of excessive output current.

The PIN photodiode is unaffected by exposure to room
light or even direct sunlight.

8. Ruggedness:

PIN photodiodes can tolerate exposure to extreme lev-

els of shock and vibration. Typical shock capability is

1500 G's for 0.5 millisecond.

9. Magnetic Fields:

Multiplier phototube gain is affected by fields as small

as one gauss. If the interfering field is fluctuating, the

output will be modulated by it. The PIN photodiode
is insensitive to magnetic fields.

10. Precision:

The responsivity of the PIN photodiode is inherently

precise and repeatable. Within a given type, the char-

acteristics agree (from unit to unit) within plus or

minus 0.1 decade. Responsivity of multiplier photo-

tubes may vary over more than a decade from one unit

to another.

11. Sensitive Area:

The small sensitive area of the PIN photodiode makes
it unnecessary to establish an aperture which may be
required for some applications. However, in some ap-

plications good optical alignment is imposed by the

small area.

PIN PHOTODIODE DETECTORS
At the present time a variety of different types of solid-

state photodctectors are available. Of these, the Silicon PIN
Photodiode has the broadest applicability and is the subject

of this note. The PIN photodiodes main advantages are:

broad spectral response, a wide dynamic range, high speed,
and extremely low noise. With appropriate terminal cir-

cuits it is well suited for many applications that require

converting an optical signal to an electrical signal. The
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present discussion, however, will be limited to the descrip-

tion of the PIN pholodiode's threshold detection sensitivity

and the design of suitable terminal circuits that will realize

this capability.

PHOTODIODE DESCRIPTION
Conttrudlon

A brief description of the PIN photodiode will be help-

ful in understanding its performance and the principles for

designing appropriate circuits to be used with it. Figure 1

shows a typical construction of the PIN photodiode. This

figure is for the purpose of explanation only and is not to

scale. The relative proportions have been deliberately dis-

torted for the sake of clarity.

The PIN structure is produced by diffusion through an

oxide (S,02 ) mask which also serves to protect the surface.

Since most metals are very opaque to optical radiation, es-

pecially at infrared wavelengths, the gold contact is de-

posited only around the perimeter of the P-layer, and the

gold contact pattern provides for lead attachment a short

distance away from the junction region, so the lead is not in

the light path.

Mode of Operation

When a photon is absorbed by the silicon it produces a

hole and an electron. If the absorption of the photon oc-

curs in the I-layer, as shown in Figure 1, the hole and the

electron are separated by the electric field in the I-layer.

For the highest quantum conversion efficiency (electrons

per photon) it is desirable to have the Player as thin as

possible and the I-layer as thick as possible. The thickness

of the P-layer also determines the value of the parasitic

series resistance (R5 in Figure 2). The thinner the P-layer

the higher the Rs . Since R„ affects high frequency perform-

ance there is therefore a design trade-off between quantum

efficiency and bandwidth. Once the trade-off is settled, the

desired thickness is then controlled during the diffusion

process. The effective thickness of the I-layer is controlled

partly by the manufacturing diffusion process and partly by

the magnitude of the electric field applied to the diode

—

the higher the field, the thicker will be the effective I-layer.

It is therefore desirable to operate the diode with an

external reverse bias, as shown in Figure 2. As the reverse

bias voltage is increased from 'zero, there are three bene-

ficial effects: hole and electron transit time decreases; con-

version efficiency increases slightly; and most importantly,

the capacitance decreases sharply with bias up to about ten

volts and continues to decrease slightly up to about twenty-

volts reverse bias.

p . N

~llll*
'I'l

'I'l

1.

1.

A A^

\
1

*.

1

'

C.

If
11

-.1.1+

Figure 2. PIN Photodiode Schematic Symbol, and

Equivalent Circuit

In the presence of optical signals there is a slight modula-

tion of the shunt conductance as the presence of photon-

produced holes and electrons in the I-layer modulate its

conductivity. This effect can be quite significant at very high

levels of illumination since the I-layer may become saturated,

resulting in a decrease in quantum efficiency and an increase

in rise time. Saturation can be prevented by applying a very

high reverse bias voltage (up to 200 volts). However, such

a high voltage, applied over a long period of time, may-

cause a degradation of the diode's leakage properties. Since

our present concern is with threshold performance, reverse

bias voltages greater than twenty volts need not be con-

sidered.

Equivalent Circuit

When properly biased, the PIN photodiode can be accu-

rately represented by the equivalent circuit shown in Figure

2. Here i p
is the external current resulting when the diode is

illuminated. It has a time constant of 10 picoseconds and

a value of approximately 0.5 amp per watt of input at a

wavelength of 8000 angstroms (800 nanometers). This

corresponds to a quantum efficiency of 75%, that is, 0.75

electrons per photon. The quantum efficiency is constant

from 500 nanometers to 800 nanometers (5,000 A to

8,000 A).

i„- is the noise current of the PIN photodiode. Since the

diode is reverse biased, the shot noise formula is applicable,

so that the noise current can be computed from:

B
= 2ql„r (1)

where

Figure 1. PIN Photodiode Cutaway View

B = system output bandwidth, Hz
q = electron charge, 1.6 X 10 -10 coulombs

Idr = dc current, Amp.
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In the case of the photodiode, Idc is simply the dark cur-
rent, I„, which has a value determined by the construction
and dimensions of the particular diode type. Maximum val-
ues are: 100 picoamps for 5082-4204, 150 picoamps for
5082-4205 and 2 nanoamps for 5082-4203.
Shunt resistance, R„, is very large, being usually greater

than 10 gigaohms (10,000 megohms), and its noise current
may therefore be neglected. Shunt capacitance, C„, has a
value from rwo to five picofarads, depending upon the diode
type and reverse bias. For high frequency operation it is im-
portant to minimize C„ because the cutoff frequency is de-
termined by:

Although our present concern is with low frequency
threshold operation, there is another reason for minimizing
C„. This will be discussed later, when circuit design princi-
ples are presented.

Performance
Threshold performance can and has been specified in a

number of different ways. The most commonly understood
and usable expression takes the form of a noise equivalent
input signal. This is the input signal which produces an out-
put signal level that is equal in value to the noise level that
is present when no input signal is applied. The noise equiv-
alent input in watts is called Noise Equivalent Power
(NEP) and is defined by:

HFP - NOISE CURRENT (amps per root hertz) ,,,
CURRENT RESPONSIVITY (amps per watt)

{X

which has the units of watts per root hertz. Devices for
photo-detection could then be compared on the basis of
NEP. The lower the NEP the more sensitive is the device.

Another method of defining threshold sensitivity is on the
basis of signal-to-noise ratio for given input signal power
levels. Taking a power level of one picowatt, for example,
the signal-to-noise ratio at the output can be obtained from:

SNR=-
RESPONS1VITY (fiBjg) x INPUT (watts)

NOISE CURRENT (amps) (4)

This is a ratio of currents. To express it in dB we would
take twenty times its log to base ten, even though the ex-

pression converts linearly to a power ratio. This is because
the devices respond linearly to input power.

Figure 3 shows spectral sensitivity characteristics of sev-

eral PIN photodiodes and multiplier phototubes. Sensitivity

is given in terms of SNR and NEP. The latter is in terms of
dBm. Several interesting features arc evident in Figure 3.

Although the quantum efficiency for PIN photodiodes is

constant from 500 to 800 nanometers, the sensitivity curve
is not. This is due to the fact that the energy per quantum
(photon) of radiant energy varies with wavelength.
The curves for the three different PIN photodiodes also

show the dependence of sensitivity on leakage current. Here
the highest sensitivity is obtained with the 5082- 4204
which has a maximum leakage current of 100 picoamps.
Next is the 5082-4205 with 150 picoamps and finally

the 5082-4203 with maximum leakage of 2 nanoamps. The
three curves are in effect displaced by the magnitude of the
noise current difference because quantum efficiency is equal
for all. These curves also show the inherent broad response
of PIN photodiodes with respect to multiplier phototubes,
Therefore, the power responsivity of the PIN photodiode

^
-110 £

ULTRA.
VIOLET

400 500 600 7OO BOO 900

WAVELENGTH - NANOMETERS Inrnl

VISIBLE +" INFRARED •

Figure 3. Spectral Sensitivity Comparisons of Photodetectors

has a corresponding slope. Notice how the inherently broad
response of silicon, enhanced by the thick I-layer construc-
tion, extends the range of useful performance over the re-

sponse ranges of two types of photocathodes.

Although the threshold sensitivity of multiplier photo-
tubes is superior in the visible region, nevertheless for many
applications the advantage is not significant enough to out-
weigh the disadvantages of generally unstable and tempera-
ture-sensitive gain, large size and weight, and the need of
very high and stable power supply voltages. On the other
hand, the superior red and infrared threshold performance
of the PIN photodiode does not necessarily mean it is better

I

in any application, because one must take into account its

small sensitive area and low signal levels. Realization of the
performance capability described in Figure 3 also requires
fairly careful attention to the design of the terminal circuits

into which the PIN photodiode operates.

TERMINAL CIRCUIT DESIGN PRINCIPLES
The design of the terminal amplifier must consider the

usual design objectives of low noise, broad band, wide dy-
namic range, etc. In addition, there are two fundamental
considerations which are dictated by the PIN photodiode:
1. High Reverse Voltage:

The diode must be operated at ten to twenty volts of
reverse bias to reduce shunt capacitance.

2. High Input Resistance:

This is a fundamental consideration in the sensitivity/rise

time trade-off.

The effects of reverse voltage on capacitance have been
discussed earlier. However, the effect is sufficiently impor-
tant to deserve a re-emphasis here.
A high input resistance is necessary in order to maintain

a high signal-tp-noise ratio. Since the output signal from the
photodiode is a current, and its own internal noise is repre-
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sented by a current, it is appropriate to represent the noise

of the terminal amplifier as an equivalent noise current at

the input. The smallest value of resistor which may be con-

nected to the input is then limited by its noise current accord-

ing to the formula for thermal noise:

i v' (thermal) _ 4kT
B

=

R
By comparing cq( 1 ) , relating diode noise current to leak-

age current, with cq(5), relating resistor noise current to its

resistance value, it is clear that there is some value of resist-

ance below which the NEP of the system, i.e., threshold

sensitivity, would be degraded at the rate of 5 dB per decade

of decreasing resistance. For example, in the case of the

5082-4203, assuming a maximum leakage current of 2 nano-

amps, the value of resistance should be greater than 25

megohms, to avoid degrading the threshold sensitivity.

TRANSISTOR AMPLIFIER

In addition to keeping the input noise current low by

using large values of input resistance, it is also important to

keep other sources of noise in the amplifier at a minimum.
Using ordinary transistors (PNP or NPN) it is not possible

to approach the ultimate sensitivity of which the PIN photo-

diode alone is capable, even when low-noise transistors, such

as the 2N2484, arc used. However, in those applications

where it is possible to sacrifice sensitivity for simplicity,

transistors may be used. A typical transistor circuit is shown
in Figure 4. With this circuit, a sensitivity corresponding to

an NEP of — 95 dBm was obtained. In this case, Ql was

operated at the lowest possible collector current which would
still give adequate gain. A high loop gain was desired in

order to compensate, with negative feedback, for the long

open-loop rise time produced by the high input resistance.

A resistance higher than 10 megohms was not necessary here,

since the transistor itself sets the fundamental noise limita-

tion. A PNP transistor was selected for Q2 in order to bal-

ance out most of the base-to-emitter voltage of Ql, so that

the output would tend to be near zero without any zero ad-

justment. A slight zero adjustment, provided by R2 and R},

gives the necessary range without appreciably attenuating the

feedback current. As the photocurrent, I 2 ,
increases, the

amplifier causes the voltage at the emitter of Q3 to decrease,

which causes a current in Rl to flow out of the node (base of

Ql ) into which I2 flows.

Basic Amplifier Arrangement!

For linear operation, the photodiode should be operated with as

small a load resistance as possible. Figure 5 shows the

recommended amplifier arrangement. The negative-going input

is at virtual ground; the dynamic resistance seen there by the

photodiode is R| divided by loop gain. If the op-amp has

extremely high input resistance, loop gain is very nearly the

forward gain of the op-amp. R 2 can be omitted if the

photocurrent is reasonably high— its purpose is only to balance

off the effect of offset current. As shown, the output voltage will

rise in response to the optical signal. If it is preferable to have the

output drop in response to optical input, then both the

photodiode and Ec should be reversed. Ec may, of course, be

zero. Speed of response is usually limited by the time constant of

R ! with its own capacitance, so it is improved by usinga string of

two or more resistors in place of a single R|,

Logarithmic operation requires the highest possible load

resistance — at least ! OGS I. With an FET-input op-amp, this is

'f'OARK R
l

£,.-=- i "2 - B
l

VquT " B1 "p • 'dark'

Figure 5. Linear Response: Photodiode and Amplifier

Circuit Arrangement

tigjQ
400uV/Cffla 'IHMC/cm

VERTICAL {UNSPECIFIED!

HORIZONTAL 20 usK'em

M" - -BoBn
I, - 19,IK

zoumir -Mr

ruNSMSisiwcc-^-U'ii
all

Figure 4. Transistor Photodiode Amplifier Schematic
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easily achieved as in Figure 6. If the offset current of the
amplifier poses a problem, a resistor can be added between the

positive- and negative-going inputs. Its value should not be less

than lOGfi divided by loop gain. If the amplifier has a very high
input resistance, loop gain is equal to the forward gain of the

amplifier divided by (I + R 2/Ri) so making R2
= allows the

smallest possible resistance between the inputs. The speed of
response of this amplifier will be very low, with a time constant

Figure 6. Logarithmic Response; Photodiode and Amplifier

Circuit Arrangement

r "0. Is. If high speed logarithmic operation is required, it is best

to use the linear amplifier of Figure 5 followed by a logarithmic

converter.

High Speed Photodiode Amplifier

Applications that call for high speed data signaling, such as

CRT light pens, require amplifiers that have a wider bandwidth

than the circuit shown in Figure 5.

Using a five transistor array (RCA CA3I27E) it is possible to

construct a high speed, high gain photodiode amplifier. This

circuit is shown in Figure 8. It is configured as a two stage

amplifier. The first stage is composed of transistors QI-Q3,
where Ql is an input emitter follower with feedback obtained

from the emitter of Q3. Q2 functions as an inverting amplifier

interconnecting Ql to Q3. The second stage consists of Q4and
Q5 which provide additional gain and output buffering, of the

first stage. These two stages provide an equivalent transresis-

tance of 420K ohms. This means that the output voltage Vo is

equal to the photocurrent, Ip, times 420 K ohms.

When high speed circuit layout techniques are used it is possible

to obtain the rise and fall time performance shown in Figure 7.

This speed is equivalent to a bandwidth of 9.5MHz with an

input flux of 1.9uW. This flux level can be obtained from a
HEMT-6000 700nm High Intensity Subminiature Emitter when
it is operated at I OmA, at a distance of 1cm from the 5082-4207

PIN photodiode.

4

VOLTAGE ACROSS HEMT-6000 EMITTER

t, - 37ni t, * 24m VqioC) '-7V

Figure 7. Pulse Response of Photodiode Amplifier
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Figure 8. High Speed, High Gain Phoiodiode Amplifier
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5082-7700 Series

Seven Segment LED Display Applications

INTRODUCTION

The HP 5082-7700 series of LED displays are avail-

able in both common anode and common cathode

configurations.. The large 0.3" high character size

generates a bright, continuously uniform seven seg-

ment display of both numeric and selected alpha-

betic information.

Designed for viewing distances of up to 1 feet, these

single digit displays have been engineered to provide

a high contrast ratio and a wide viewing angle.

The 7700 series utilizes a standard 0.3" dual-in-line

package configuration thatallows for easy mounting

on PC boards or in standard IC sockets. Requiring

a forward voltage of only 1.7 volts, the displays are

inherently IC compatible, allowing for easy integra-

tion into electronic systems.

The 5082-7730 and the 5082-7731 are common
anode displays employing a left hand or a right

hand decimal point respectively. Typical applica-

tions would be found in electronic instrumentation,

computer systems, and business machines. The
5082-7740 is the common cathode version featuring

a right hand decimal point for applications that

include electronic calculators and business terminals

such as credit card verifiers.

This Application Note begins with DC drive tech-

niques and circuits. Next is an explanation of the

|
strobe drive technique and the resultant increase in

device efficiency. This is followed by general

strobing circuits and some typical applications such

as clocks, calculators and counters.

Finally, information is presented on general opera-

ting conditions, including intensity uniformity, light

output control as a function of ambient, contrast

enhancement and device mounting.

DC DRIVE

In DC or non-strobed drive the display is operated

with eachcharacter continuously illuminated, usual-

ly with one decoder per character. This technique

is commonly used for short character strings where
the cost of the decoders for DC drive is less than

that for the timing and drive circuits for strobed

operation. The LEDs are more efficient when
strobed; however, in DC operation the drivers need

not handle high current levels. The DC drive circuit

for the common anode display is shown in Figure

1a. The current level, set here at 20mA per

-

segment, is determined by the relation

R m
VCC ~VLED ~VCE

'segment

where Vcc = voltage supply potential,

^LED = forward voltage of LED at 'segment
Vce = "ON" voltage of segment switch.

Figure 1a. Direct Drive Circuit for the 5082-7730/7731
Common Anode Display.

* LINE „ _
BCD
DATA

D—| SIGMETICS
6T53

-VW-

1

Figure lb. Direct Drive Circuit for the 5082-7740
Common Cathode Display.

An analogous circuit is shown in Figure 1b for a

common cathode DC drive system utilizing a cur-

rent sourcing decoder/driver instead of a standard

decoder/driver and external resistors.

See Table I for a list and comparative ratings of

some of the commercially available seven segment

decoder/driver circuits.

STROBING DRIVE CIRCUITS

In strobing, the decoder is timeshared among the

digits in the display, which are illuminated one at a

time. The digits are electrically connected with

like segments wired in parallel. This forms an 8

(7 segments and decimal point) x N (number of

digits) array. In operation, the appropriate segment

enable lines are activated for the particular charac-

ter to be displayed. At the same time a digit enable

line is selected so that the character appears at the

proper digit location. The strobe then progresses

to the next digit position, activating the proper seg-

ments and digit enable line for that position.
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Since the eye is a relatively slow sensor, a viewer

will perceive as continuous a repetitive visual pheno-

mena which occurs at a rate in excess of about 60
events per second. Therefore, if the refresh rate for

each digit is maintained at 100 times or more per

second, the perceived display will appear flicker-

free and easy to read. In displays subject to vibra-

tion, a minimum strobe rate of 5 times the vibration

frequency should be maintained.

In addition to reducing the number of decoders

and drivers, strobing requires less power than DC
drive to achieve the same display intensity. This is

due to a basic property of GaAsP where luminous
efficiency (light output/unit current) increases with

the peak current level (see Figure 2a). Thus, for the

same average current, use of lower duty cycles

(and higher peak current levels) results in increased

light output (see Figure 2b). For example, from

,„

3

.6

:

.2

a

/
/

20 60 100 160 200

'«« -«AK CURREM PER SEGMENT -mA

Figur* 2a. Relative Efficiency (Luminous Intensity per Unit

Current} versus Peak Current per Segment.

500 -

400 -

300 -

250 -

200 ^

150 -

% 100 --

V
if

IS
50 -
40 -

25 -

2C -

LIMITED
MAX PEAK CURRENT -

-1_L
6 8 10 20 25 40
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Figure 2b. Typical Time Averaged Luminous Intensity

per Segment versus Average Current.

Figure 2b, a typical device operated at 10 mA DC
would produce a luminous intensity of approxi-

mately 120microcandelas. The same device opera-

ted at 50mA peak, 20% duty cycle (as if in a 5 digit

strobed display) will produce approximately

145mcd time averaged luminous intensity.

For common decoder/driver circuits, a series resistor

is placed in each segment enable line to limit the

light emitting diode current. They are placed in the

segment enable lines to prevent uneven current

distribution among segments, commonly referred

to as "current hogging". The resistive current

limiting approach for LEDs outlined above is com-

pact and easy to implement. However, the resistor

consumes power.

Various techniques for driving LED displays from
energy storage devices (such as inductors or capaci-

tors) are quite practical though generally somewhat
higher in cost and bulkier. However, power savings

of as much as 50% over the resistive drive techniques

are attainable. SCR switches may be attractive in

circuits utilizing energy storage devices.

Figures 3 and 4 illustrate two possible memory
buffer and display drive techniques used in strobed

applications. Both memory techniques assume a

bit-parallel/character-serial data entry format. If

the system memory is available to supply data to the

decoder, the buffer portion of these circuits may
be deleted.

Figure 3 depicts a 5-digit strobed display employing

a recirculating shift register memory. One shift

register is used for each bit of the 4-bit BCD code.

Four lines of data from the shift registers drive an

SN7447A seven-segment decoder. The value of the

current limiting resistors is calculated to provide

40mA per segment peak drive current The resis-

tor value may be calculated using the following

formula:

•

R
_ vcc -VLED -VCE1 -v,'CE2

N IAVE

where Vcc = voltage supply potential,

Vled = forward voltage of LED at peak

ISEGMENT (N Iave ), Vcei = "ON" voltage of

segment switch at peak IsEGMENT .

VcE2 = "ON" voltage of digit switch at 8 times

peak IsEGMENT . 'AVE = desired average operating

current per segment, and N = number of digits in

the display.

Data for each digit of the display is sequentially

shifted to the QE output of the shift register by the

display scan clock. The scan clock also drives an

SN7496 shift register set up as a ripple scanner.

The scan shift register outputs are buffered to source

the 320mA peak digit current. Data entry to the

storage registers is controlled by the system clock

of the data source. During data entry, the display

is blanked and the scan shift register is reset to the
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Figure 3. Five Digit Strobed Display with Recirculating Shift Register Memory.
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DIGIT ENABLE
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Figure 4. Strobed Eight Digit Common Anode Display with Static Memory Buffer.
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first digit position by a logic "0" at DATA ENTER.
The DATA SOURCE SYSTEM CLOCK and the ex -

ternal BCD lines are also enabled by DATA ENTER.
The 5 digits of new data will be entered into the

shift registers on each positive transition of the
system clock. After data entry, DATA ENTER is

returned to a high state, and scanning begins at

position "A" under control of the SCAN CLOCK.

Figure 4 depicts an eight digit strobed display em-
ploying a static 4 x 8 bit memory. Data from the

memory buffer is selected by the read lines under
the control of the scan counter. This data is de-

coded by an SN7448 to drive the display segment
lines. In this case the 80mA per segment peak cur-

rent is beyond the current sinking capability of any
common decoder/driver so an output buffer tran-

sistor must be used. Current limiting resistor values

are calculated as before. The digit scan counter
uses a Signetics 8281 binary counter in the divide

by 8 mode. Data entry to the memory buffer can
occur simultaneously with data read and anyone of

the eight digits may be selected or written indepen-

dently.

The display length illustrated in either of the above
schemes may be changed by simply providing the
additional memory requirements and extending the

capacity of the digit scanner. Displays of up to 16
digits are practical.

Numerous manufacturers are now supplying transis-

tor arrays and buffer drivers which offer the advan-

tages of lower costs and improved packing densities

over discrete segment and digit drivers. See Table

II for a list of some of the presently available

products. See Table III for other useful display

circuits.

CALCULATORS
The display circuit for a 10-digit calculator is given

in Figure 5. A MOSTEK MK5010P single chip

calculator circuit provides the calculating, decoding,

and timing for a four function (+, — , x, *}, 10-digit

calculator. The displays are strobed at 100mA
peak on a 1 of 10 duty cycle. The Darlington seg-

ment drivers source 100mA while the digit drivers

sink 800mA peak. The MOS output transistor con-

necting the output to Vss is "OFF" when the seg-

ment (or digit) is to be activated. In this state, the

pull-down resistor connected to Vqg sinks the

current necessary to turn on the PNP drive stage.

When the MOS transistor is "ON", the 1 mA output
current through the pull-down resistor biases the

PNP drive stage "OFF".

There are a variety of calculator chips for 8, 10,

and 12-digii applications with varying voltage supply
requirements and features. These include circuits

from companies such as AMI, Cal-Tex, MOSTEK,
NORTEC, Rockwell Int'l., and Tl. Output stages

vary although the P-channel, open-drain approach

used in the MK501 OP example is the most common.

l.-*2V)(GN03(-5Vi I

Viil'SVI

SgGMENI DR

I

Figure 5. Typical Single Chip Calculator Circuit.

CLOCKS
Figures 6 and 7 depict the complete circuitry for

6-character digital clocks using monolithic clock

chips from two different manufacturers. Both
clocks use the 60Hz AC line as a time base and
derive power from unregulated bridge rectifier

power supplies.

Figure 6 illustrates a 6-digit clock circuit using the

National Semiconductor NM531 4 clock chip. This

chip uses a strobed technique with all scanning logic^^k
and memory buffers on board. Scan frequency :^^m
established by an external RC network and should

be maintained between 60Hz and 10kHz. The
values shown should generate approximately a 1 kHz
scan rate. Each of the P-channel MOS outputs is

buffered to provide adequate drive current to the

individual segment and digit enable lines.

Figure 7 illustrates a 6 digit clock radio circuit

using the MOSTEK MK5010PAN clock chip and
HP 5082-7740 common cathode displays. Since

the MK5010P series chips provide a 12.85% duty
cycle digit enable, the component values shown will

supply approximately 10mA average or 77mA
peak current to each segment of the strobed display.

The base inputs of the MPSA-13 segment drivers

and the MPSU 45 digit drivers each have series cur-

rent limiting resistors and pull-down resistors to limit

maximum drain current and assure cut-off in the

"OFF" state. In this circuit, the digit drive lines

are multiplexed to accept input data for alarm set,

time set, and other functions.
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Figure 6. Strobed Drive for a Six Digit Clock.

Figure 7. Six Digit Clock Radio.
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COUNTERS
The strobe display circuit for a 4V4 digit counter
is shown in Figure 8 utilizing the 7730 common
anode display (left hand decimal point) and the
MOSTEK MK5007P four decade counter. Available
in a 16-pin package, this circuit is a less expensive
version of the familiar MK5002P, and includes
latches, decoding and multiplexing functions. In

addition to counting, this circuit can be used with
its internal clock for DVM, timer and other mea-
suring applications. In this example, the MK5007P's
BCD outputs are converted to a seven segment for-

mat by the SN7447A decoder/driver which can
sink 40mA per segment. A flip-flop is used to im-
plement an overflow digit "1", providing a 4V4 digit

display, The average light level of the display is

controlled by two factors. First, R controls the
peak current per segment, set here for 40 mA. The
second factor is the duty cycle of the counter's

SCAN INPUT signal. The internal multiplexing
circuit for scanning the digits is triggered on the

falling edge of the scan clock. While this signal is

low, the segment and digit outputs are blanked.

Therefore, a duty cycle greater than 80% of the
SCAN INPUT signal is desirable for efficient opera-

tion. In this circuit, use has been made of the
MK5007P's internal scan clock; a timing capacitor

at the SCAN INPUT sets the frequency. The MOS-
TEK units can be cascaded for greater than 4 de-

cades of readout. Similar circuits in function are

General Instrument's AY-5-4007 series, which have
the additional feature of a 25 mA sourcing capability

at each segment output line.

A DC drive circuit for a 5 digit counter is outlined

in Figure 9. This combines the -7730 common
anode display (left hand decimal point) with the
Tl SN74143, a 4-bit counter/latch/decoder having

15 mA constant current outputs. For applications

requiring counting up to 12MHz, the use of this

circuit greatly reduces the component count (even

the current limiting resistors are eliminated). The
LATCH STROBE INPUT allows the display to
operate in a data sampling mode while the counter
continues to function. The BLANKING INPUT
allows total suppression or intensity modulation of

the display. The stored BCD data is available for

driving other logic via the LATCH OUTPUTS
(QA , Q8 , Qp, QD ). For higher current drives, the
SN74144 with its open-collector outputs can sink

25mA per segment.

INTENSITY UNIFORMITY
The 5082-7700 series devices are categorized for

light output intensity to minimize the variation

between digits or segments within a digit. Luminous
intensity categories are designated by a letter located

on the right hand side of the package. Display

appearance will be optimized when a group of
display digits uses devices from a single category.

•5V GND -12V

| 0056 .j F

SCAN INPUT

TRANMft WUT-

COUNT INHJT -

HESET INPUT

-

VSS vDO VC0 Ls0

2;

t
MOSTEK MSB
MK 5007

2SO MSO COUNT
LSD 3SO EXTENO

-vw-

1 33011
1/2 SN747« ^AA- b

o -4 awn
D l-WV- t

CLEAfl CIK

PRESET

—f ur

i j

Figure 8. Four and One-half Digit Strobed Counter
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INTENSITY MODULATION

It is often desirable to vary the intensity of a dis-

play to provide improved readability under varying

ambient lighting conditions. Intensity control can

be achieved using either amplitude or pulse width

modulation techniques. The latter is recommended
for broad dynamic range of intensity control. Pulse

width modulation offers the advantage of good

tracking between segments as the intensity is de-

creased, and also allows the LEDs to operate with

a high peak current where they are more efficient.

Figures 10 and 11 illustrate two possible techniques

of control.

In Figure 10 a monostable multivibrator is triggered

by the scan clock. Photo-resistor F^ tracks with

ambient light intensity and causes the monostable

multivibrator to produce an output pulse width pro-

portional to ambient lighting. This method will

provide duty cycles ranging from approximately

20% to 100%.

Figure 11 depicts another intensity modulation

technique. The scan clock input square wave is

integrated by Rj and C^ to form a triangular wave.

Ambient light is monitored by a phototransistor

and an amplified output voltage proportional to

ambient lighting is produced by A^ These two

signals are presented to the comparator A2 . The

output of A 2 will be true only as long as the triangle

wave voltage is greater than the ambient light signal.

The LM31 1 amplifier used in this circuit can be

replaced with any medium to high gain amplifier

which will give adequate swing with a single 5 volt

supply. This technique offers a to 1 00% dynamic

range of modulation.

In both of the above examples, the pulse width

modulated signal is connected to the blanking input

PULSE WIDTH
MODULATED

• OUTPUT TO
BLANKING
CONTROL

Figure 10. Multivibrator Modulation Circuit.

PHOTO
TBANSISTOn

MRO160
, hll IHJL5E WIDTH

MODULATED
OUTPUT TO
BLANKING
CONTROL

5'j r±r

Figure 11. Wide Dynamic Range Intensity Control Circuit

of the display driver. The display duty cycle is then

controlled by the modulated signal which is pro-

portional to the ambient intensity. If the scan

frequency is substantially greater or less than 1 kHz
in either of the above circuits, timing and integrating

component values will have to be changed to pro-

duce satisfactory results.

CONTRAST ENHANCEMENT
The quality of the perceived display is a function

not only of light intensity but also of contrast to

the background. To improve display contrast, the
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entire front surface of the display, except for the
light emitting areas, is finished in a uniform flat

black. The plastic encapsulant in the light emitting

areasconta'nsareddye to further reduce the reflec-

ted ambient light. The display's background and the
type of contrast enhancing filter used affect the dis-

play quality. Typically, PC board mounting and
an inexpensive red filter (e.g., Plexiglass 2423 or
materials having similar transmission characteristics)

are used. Under strobe drive conditions of 10 mA/
segment average, the display is easily readable to
distances of ten feet and will retain good contrast
under relatively high ambient lighting conditions.

There are several additional contrast enhancing
measures that can be implemented to allow lower
display intensity and power levels. With respect to
PC board design, keep as many metallized lines as
possible out of the normal viewing area. These
surfaces recuce contrast by reflecting ambient light.

Whenever possible, the lines running to the displays
should be placed out of sight on the board's back
side. You can also hide metal traces by placing
them beneath the display package. To minimize the
light reflected from the PC board, the area surround-
ing the display can be darkened either through use
of a screened black epoxy ink (e.g., WORNOW
W-O-N black ink) or a black piece of material cut
as a collar to fit around the display. Circular

polarizing filters (such as Polaroid HRCP-red) or

3M Display Film are particularly effective in en-

hancing contrast in high ambient light although
they may be more expensive. Antiglare coatings

are available from firms such as Panelgraphic Corp.

to reduce front filter reflections. An antiglare

surface finish may also be incorporated into the,

molds used to manufacture the filters.

MOUNTING CONSIDERATIONS

The 5082-7700 series devices are constructed utiliz-

ing a lead frame in a standard DIP package. In addi-

tion to easy PC board mounting, the standard pin

spacing of 0.100" between pins and 0.300" between
pin rows allows use of the familiar 14-pin IC sock-
ets. See Table IV for a list of some of the available

display sockets. The displays may be end-stacked
as close as 0.400" center-to-center. The lead frame
has an integral seating plane which holds the pack-
age approximately 0.035" above the PC board
during standard soldering and flux removal opera-
tions. The devices can be soldered for up to 5
seconds at a maximum solder temperature of 230°C
(1/16" below the seating plane). To optimize
device performance, materials are used that are

limited to certain solvents for flux removal. It is

recommended that only Freon TE, Freon TE-35,
Freon TF, Isopropanol, or soap and water be used
for cleaning operations.

Note: See following pages for Tables I, II, III and IV.
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Table I. Decoder/Driver Circuits for Seven Segment Displays

Manufacturer's

Product No.
Manufacturer

Common Anode or

Common Cathode

Rated Maximum
Output Current

ImAl

Other Features
Other

Manufacturers

7447 Texas Instr. CA 40 National Semi.

Fairchild, Motorola,

Signetics

7448 Texas Instr. cc 4- National Semi.

Fairchild. Motorola,

Signetics

I 9307 Fairchild cc 5.6
*

9317 B/C Fairchild CA 40/20

9357 Fairchild CA 40

S368 Fairchild CC 19"" Ouad Latch

9369 Fairchild CC 50

9370 Fairchild CA 25 Quad Latch

9660 Fairchild CC 5-50" Pgmbl Current

and Decimal

Pt Orive

MC 14511 Motorola cc 25 CMOS

MC 4039 Motorola CA 20

N8T51 B
N8T59 B

Signet ics CA. CC MOS Com-
patible Inputs

N8T74 B

N8T75B
Signetics CA. CC Quad latch MOS

Compatible Inpjts

8140 Harris CA 40 Quad latch

1001/1002 SCS Microsystems 120' Quad latch, some
versions available

w/rosistors on

board

•with external pull-up resistance • "constant cu'rent lupplv '"current limit resistors on board

Table II. Driver Arrays for LED Displays

Manufacturer

and Product No.
Maximum Output Current Drivers Per Package Typical Application

ITT Semiconductor

502

503

200mA Sink

34mA Source

6
4

Digit Drive

Segment Drive

National Semiconductor

DM8861
DM8863

50mA Source or Sink

600mA Sink

5

8

Segment Drive

Digit Drive

Sprague Electronics

ULN2031A
ULN 2032

A

Series 400

80mA Sink

80mA Source

250mA Sink

7

7

4

Segment Drive

Segment Drive

Digit Drivo

Texas Instruments

SN75491*

SN75492'

50mA Source or Sink

250mA Sink

4

6

Segment Drive

Digit Drive
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Table III. Circuits for Seven Segment Displays

Manufacturer

and Product No. Description

Texas I nstruments

SM74143

SN74145

SN74144

SN74142

National 8551

TISN74173
Signetlcs 8T10

Mostek

MK5002, 5007,

50O5

BCD Countor/4 Bit Latch/BCD- 7 Segment

Decoder/1 5mA Constant Current Driver
r

BCD to Decimal Decoder (1 of 10 Decoder]/

Drivor

Same as SN74143 except output driver

can sink up to 25mA per line

BCD Counter/4 Bit Latch/BCD to Decimal

Decoder II of 10 Decoder) Driver

Tri-State Quad Latches

(Also known as "Bus Buffers")

4 Decade Counter/BCD-7 Segment Decoder/

4 Digit Scanner in 1 package, 3 options

Comments

Gi

AY-5-4007 Series 4 Decade Counter/BCD-7 Segment Decoder/

4 Digit Scanner/LED Driver

Ideal for Counting Applications (Time or frequency

measurements, A-D Converters).

Capable of sinking 80mA per line making it ideal

for a digit scanner.

Need currenl limiting resistor for each segment.

Useful for digit scanner. Need only a clock signal

since counter is in circuit.

Allows bussing of data lines eliminating numerous

Provides all counting and timing signals for a 4

Decade Strobed Counter Display (can be end
stacked for 8 decades, )

Similar in function to Mostek 5002 ser.es but adds

25mA LED drivers for strobed display.

^

Table IV. 14 Pin DIP Sockets for 7700 Series Displays

Manufacturer

and Product No.
Termination

1

Description

Amphenol-Barnes

821-20011-144 Solder Nylon. Low Profile

821-20013-144 Wire Wrap Nylon. Low Profile

821-25011-144 Solder Full Sized Body
821-25012-144 Wire Wrap Full Sized Body

Augut

314-AG50-2R Solder Full Sized, Phenolic

Cinch

14-W-DIP Wire Wrap Low Profile, Nylon

14-DIP Socket Phenolic

Cambion

3777-01-0312 Solder Nylon

3897-01-0316 Wire Wrap DAP Plastic
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HEWLETT JO. PACKARD

COMPONENTS APPLICATION NOTE 9

Performance ofthe 6N135, 6N136 and

6IM137 Optocouplers in ShortTo Moderate

Length Digital DataTransmission Systems
This application note assists system designers by describing the performance to be expected from the use of

HP 6N135-6N137 optocouplers as a line receiver in a TTL-TTL compatible NRZ^data transmission link. It

describes several useful total systems including line driver, cable, terminations and TTL compatible connections.

The systems described utilize inexpensive cable and operate satisfactorily over the range of transmission distances

from 1 ft. to 300 ft Over this range of distances, the data rate varies from 0.6 megabitsper second to 19megabi

per second largely limited by coupler performance at short distances, and cable losses at longer distances.

1 Non-rsturn to

INTRODUCTION

Optocouplers can function as excellent alternatives to inte-

grated circuit line receivers in digital data transmission ap-

plications. Their major advantages consist of superior

common-mode noise rejection and true ground isolation

between the two subsystems. For example, a conventional

line receiver is limited to a ±20V common-mode noise re-

jection at best from DC over its operating frequency range,

while an optocoupler can achieve rejections of ±2.5kV

at 60Hz.

A conventional optocoupler that utilizes a photo-transistor

is limited in its minimum total switching time. At the higher

i

data rates, above 200-500 kbits/s, these delay times can

become very significant. The HP 6N135 and 6N 136 utilize

an integrated photo-diode and transistor to produce lower

total switching time. The HP 6N137 adds an integrated

amplifier within its package to decrease these delay times

still further. All three units can produce data rates well

in excess of 500 kbits/s, while the 6N137 can couple an

isolated 9.5MHz (19M bits/s) clock from its input to its

output. These data rates are achieved with common-mode

noise voltage rejection in excess of that provided by most

types of line receivers at all frequencies.

The information contained in this application note covers

the performance of optocoupler line receiver circuits; how-

ever, it does not describe design details. These details are

covered in Application Note 947 "Digital Data Transmission

Using Optically Coupled Isolators".

This application note describes the basic design elements of

a data transmission link and presents several examples of

total systems that will be useful to systems designers at

distances that range from 1 ft. to 300 ft. and have a mod-

erate overall cost. First, a few measures of performance

are defined to allow systems to be compared with one

another. Second, the elements of an optocoupler data

transmission system are discussed. Third, circuit examples

and demonstrated performance of a selected set of systems

are presented for the various transmission distances. This

presentation includes schematics, representative waveforms

at intermediate circuit points, and a summary performance

table. It compares the results of passive (resistive) termi-

nations with active terminations that improve overall per-

formance at the longer transmission distances. Fourth, the

trade-offs that were made to arrive at the selected system

components are described. Along with the trade-offs, there

is a discussion of approaches to increase performance by

selection of other circuit components or by "peaking" a

given length system.

DEFINITIONS OF PERFORMANCE
In data transmission systems that utilize optocouplers, there

are no standardized definitions that allow performance capa-

bility to be specified. The major performance parameters

that are of interest are data rate capability, usually specified

in bits per second; and immunity to common mode noise at

the coupler input, usually specified as AC or DC common

mode voltage rejection in volts, or transient voltage noise

rejection in volts/microsecond.

To arrive at a definition of maximum data rate capability

requires that the total system be specified including all

components, and in addition, data modulation and de-

modulation techniques. In order to compare the various

systems presented in the application note, it is necessary to

define some useful terms.
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One commonly used modulation technique for digital data

data transmission is NRZ, or non-return-to-zero transmission.

In the most common form of this technique, a twisted pair

transmission line is driven by a balanced driver with an

alternating plus or minus voltage signal. A number of in-

tegrated circuits are available to provide the drive signals

and create a straightforward design.

One potential measure of system performance for NRZ,

and potentially other modulation techniques as well, is

the measurement of the maximum 50% duty cycle clock

frequency that the system will pass. Since a clock repre-

sents a total 1/0 and 0/1 transition each full cycle, this

square wave provides two bits of data for each cycle. As

the upper clock frequency limit of a system using couplers

is reached, the duty cycle will change from 50%. The

MAXIMUM CLOCK DATA RATE is found by observing

the system output as a function of a square wave input

until the output distorts to a 10% duty cycle and multi-

plying this frequency by two (two bits/cycle). At this

input frequency, the system data rate is very close to its

absolute maximum and any potential recovery of a signal

at a higher data rate is impractical. A more detailed defini-

tion of this term appears in the glossary.

Another parameter indicative of the performance of a sys-

tem is to measure the system transient response in its worst

case condition. The step response of a transmission system

using isolators is a function of the duty cycle and repetition

rate. For NRZ, if this term is properly defined, it can indi-

cate a worst case maximum data rate that the system will

faithfully transmit, regardless of the combination of ones

and zeroes in the data bit stream. This step response term

will be referred to as the STEP TRANSIENT DATA RATE
MAXIMUM. It assumes that the pulse propagation delay

down the transmission line is essentially constant, and de-

fines a data rate maximum at which a single bit of data in

a stream of all zeroes and a one, or all ones and a zero may

be successfully sent through the system. This is simulated

by placing a very low frequency square wave input into the

line. Then the circuit delay time from a pulse received at the

end of the line until the system output makes a transition is

measured. This delay time is a function of the cable output

risetime and the delays experienced in the coupler and its

associated circuitry. The specific delay times are called

tpHL and tpLH- indicating delay times for a 1/0 and 0/1

transition respectively. The STEP TRANSIENT DATA
RATE MAXIMUM is defined as the inverse of tPLH °'

tpHL. whichever is longer. In general, this data rate will

be lower than the MAXIMUM CLOCK DATA RATE. A
more exact definition of tpm_. 'plh ar|d STEP TRAN-
SIENT DATA RATE appears in the glossary.

The parameters used to define worst-case common mode
noise immunity are measured for the coupler and associated

circuitry without the transmission cable. The common
mode voltage rejection is a function of frequency and

indicates the maximum AC steady state signal voltage com-

mon to both inputs and output ground that will not create

an error in the output. This rejection reaches a minimum at

some frequency. The transient voltage noise immunity is

a measure of the maximum rate of rise (or fall) that can be

placed across the common input terminals and output

ground without producing an error voltage in the output.

This term is a function of the input pulse magnitude and

rate of rise for an optocoupler and is stated as a dv/dt

minimum in volts per microsecond. Further definitions

of these terms appear in the glossary. It should be noted

that common mode characteristics of such systems are

largely determined by the point at which the noise enters

the transmission system. Common mode rejection for a

total system would be expected to improve with increasing

distance between the common mode insertion point and the

input to optocoupler.

ELEMENTS OF AN OPTOCOUPLER
DATA TRANSMISSION SYSTEM

The basic elements of an optocoupler transmission system

are:

Line Driver

D Transmission Cable

Line Termination Circuit

Optocoupler

TTL Interface Circuit

In order that the performance of systems using the 6N135-

6N137 optocouplers might be demonstrated, component

elements had to be defined for several systems. These

elements are chosen to be TTL compatible at the input

and the output. They are also chosen to produce high

performance, be moderate in cost, and work over a range

of distances of one foot to 300 feet. This can then maxi-

mize the utility to systems designers of the circuits demon-

strated, thus allowing them to be used without change in

a variety of specific applications to produce a known level

of performance.

CIRCUIT EXAMPLES AND
DEMONSTRATED PERFORMANCE

To reduce the number of complete systems upon which

performance is demonstrated to a practical number, a basic

representative set of elements must be selected or designed.

This includes a single line driver and cable type with perfor-

mance measurements taken at three transmission distances —

1 ft., 100 ft., and 300 ft. It also includes two termination

types, active and passive, and three types of couplers with

companion TTL interface circuits. This produces six total

data transmission systems upon which data rate performance

can be observed at the three transmission distances. Figure

1 illustrates the line driver and cable combination selected.

Figure 2 illustrates the pulse response of this driver/cable

combination. Figures 3 through 8 indicate the line termi-

nation, coupler, and TTL interface circuitry for the various

terminations. Included are representative waveforms mea-

sured on the three passive termination systems at the 300 ft.

transmission distance. Table 1 outlines the critical para-

meters of the cable used and Tables 2, 3, and 4 summarize

the performance demonstrated on all of the transmission

systems.
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The performance tabulated for the 1 ft. transmission length

is indicative of that which might be achieved by a system

with negligible performance degradation in the cable. The
performance at 100 ft. and 300 ft. indicates the decrease in

data rate due to cable losses as the transmission distance

increases. This decrease is the most critical data rate limita-

Ition and is indicative of the change in performance of sys-

tems using low cost cable. Clearly evident in the tables is

the increase in performance of the active termination at the

300 ft. transmission distarice. Note also that the data rate

of the system utilizing the 6N137 at short transmission dis-

tances is less with the active than with the passive termina-

tion. This decrease is due to the additional delay added by

the active termination.

These performance tables can be used to select a design

suitable for an application required by a system designer.

For example, assume it is desired to design a data trans-

mission system of variable lengths up to 100 ft. and data

rates of up to 1.6 Mbits/s. The circuit shown in Figure 4

and the line driver and cable shown in Figure 1 could be

selected to assure this level of performance.

SELECTION OF DEMONSTRATION
CIRCUIT ELEMENTS

The foregoing systems exemplify achievable performance

and incorporate a number of design decisions which are

discussed in this section.

LINE DRIVER

Line Drivers generate the signal that is sent down the trans-

mission line. They have limits as to voltage swing, output

impedance, and switching time. A good compromise is pro-

vided by National Semiconductor's DM 8830. Any similar

device with a low output impedance such as the Fairchild

9614 would operate satisfactorily. These devices are TTL
input compatible, require no external components, are

(relatively inexpensive and readily available. They provide

adequate performance and produce directly a dual rail

(inverting and non-inverting) output.

For systems requiring higher data rates, more sophisticated

and expensive drivers can be selected or designed. Figure 9

illustrates a circuit that has a higher current output and

produces a higher data rate than an integrated driver. It

uses several components, but does not require a supply

voltage above the standard TTL 5 volts. To obtain still

higher data rates, the driver line voltage output must be

increased. This in turn requires a supply voltage above 5

volts. The National Semiconductor LH 0002C is an example

of an integrated circuit that can be used to produce directly

a higher line voltage. Numerous other discrete circuits

could be designed.

TRANSMISSION CABLE

Transmission cables are very critical In the overall system.

They can decrease the effect of extraneous noise voltages

on system performance by providing shielding. They also

greatly affect the signal losses as the transmission length

increases. By controlling these losses, cables can permit

a single set of system elements to function adequately for

both long and short transmission distances. The critical

performance parameters of a transmission cable include

cost, transmission length, line series resistance (DC losses),

high frequency losses, type and amount of shielding and

characteristic impedance.

The Belden type 8777 is representative of a relatively well-

shielded, inexpensive cable with typical transmission loss.

The important characteristics of this cable are summarized

in Table 1.

If it is desired to attain higher performance, the line cost

becomes considerably more expensive and tends to dominate

system costs. These higher performance cables utilize a large

conductor size to lower DC losses, and provide considerably

lower losses at high frequencies. Examples of such a cable

would be Belden 9269 (IBM 32392). Belden 9250 or their

equivalents.

The pulse response of the DM 8830 and the Belden 8777

illustrates the waveform degradation of signals sent down

this driver/transmission line pair, regardless of the line

receiver employed. Figure 1 illustrates this circuit combi-

nation, and Figure 2 illustrates the pulse waveform degrada-

tion at 1 ft., 100 ft., and 300 ft. into a 68S2 equivalent load.

Ipk - 37mA

% NATIONAL
DM 8830 -1 FT. TO 300 FT,

SIGNAL OUTPUT
TO LINE
TERMINATION
CIRCUIT

Figure 1. Line Driver and Cable Combination Selected for Use on All Six

Systems to Indicate Their Performance.

Figure 2, Pulse Characteristics of the

Selected Line Driver and Cable.

Measurement Observed with a 68ft.

Equivalent Termination at One. 100,

and 300' Distances. All Waveforms
are Line to Line Voltage, Time Ref-

erenced to zero feet. Note Time
Delay and Waveform Degradation.
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LINE TERMINATION CIRCUIT

The line termination circuit converts the voltage arriving at

the end of the line to a current impulse to drive the coupler

emitter diode. In these system examples, performance

of both passive and active circuits was measured.

A passive circuit consists of a set of resistors to match the

line to its characteristic impedance and to convert the line

voltage to a current. The circuits illustrated here were de-

signed to provide good performance at 300 ft., while not

exceeding the coupler input drive current maximum at the

1 ft. line length condition. With this design criterion, these

circuits are useful over this range of transmission cable

lengths. These design characteristics required that two resis-

tive line termination circuits be designed for the three isola-

tors. They are illustrated in Figures 3, 4, and 5.

An improvement in the performance of a resistive termina-

tion can be obtained by peaking the line to operate at a

specific length as shown in Figure 10. This technique allows

the coupler to operate from the peak to peak voltage at the

end of the line. To avoid overdriving the coupler, the peak-

ing capacitor value must be minimized. It is chosen by ob-

serving the circuit delay time tp|_H and selecting the

smallest value of capacitor that significantly decreases this

delay. With this technique, performance can be expected

to improve by as much as 20-30% or more, but the values

of peaking capacitor tend to vary with many of the charac-

teristics of components in all of the elements of the system.

These include driver output voltage, line length, line losses,

coupler delay, etc. This in turn requires each individual

system to have a selected value of peaking capacitor.

An active termination utilizes a transistor to act as a line

voltage to coupler input current regulator. This technique

ignores any attempt to match the line, but instead converts

any incoming voltage to a suitable current, once the circuit

threshold voltage is exceeded. This tends to decrease

circuit sensitivity to line length and other line voltage varia-

tions. The' delay of an active circuit can limit the maximum
J

system data rate, especially for short transmission distances.

But, in general, their use can improve the maximum data

rate at the longer distances. In the system examples, two

active termination circuits were designed and are illustrated

in Figures 6, 7 and 8.

Improving the performance of the active circuit consists of

finding transistors and circuit designs to perform the voltage

to input current regulation function without limiting overall

system performance.

OUTPUT TO TTL INTERFACE

The 6N136 and 6N137 have sufficiently high input to out-

put coupling efficiency (CTR) that the only component re-

quired to interface the optocoupler to a TTL input gate is a

pull-up resistor. The 6N135 has a somewhat lower CTR and

requires an external transistor and resistor to interface with

a TTL gate input. The actual circuit configuration and values

required for these interface circuits are illustrated in Fig-

ures 3 through 8. The circuits illustrate, in general, the

optimum interface for a TTL-TTL compatible circuit. Per-

formance could be improved through the use of lower

pull-up resistor values in the coupler output collectors and

high speed TTL compatible comparators.

Table 1

IMPORTANT LINE CHARACTERISTICS OF BELDEN 8777

Three sets of two conductor, twisted and individually foil shielded,

22 gauge wire

Z_ (Measured Characteristic Impedance)—68S2 line to line

Line-to-line capacitance - 30pF/ft.

Line Resistance - 3.2J2/100 ft. (per conductor pair)

Attenuation at 10MHz = 4 dB/100 ft

Delays 1.5nsec/ft.

Cost « 5<^ft./Transmission Pair
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GLOSSARY
1. DATA RATE - This term is typically stated in bits per

second and has no standardized definition when used in

reference to optocouplers. It is related to the minimum
pulse transition time that will be passed by the system

and detected. This in turn is related to the distortion or

change in duration the pulse experiences upon passing

through the system.

2. STEP TRANSIENT DATA RATE MAXIMUM -This
term, stated in bits per second, is a function of the maxi-

mum delay experienced by a 0/1 or a 1/0 transition in

passing through the optocoupler. The step transient data

rate maximum is defined as:

STEP TRANSIENT DATA RATE (MAX) -

1 1

'PHL 'PLH

whichever is smaller. Where tpLH and tPHL are mea-

sured at the coupler termination input (end of the line)

and the TTL output and are defined as follows:

VOLTAGE INTO
TERMINATION
AT THE END OF
THE LINE. VW

TTL SYSTEM
OUTPUT IVoutI

r

The tpHL and t-PLH measured under these conditions

approach the maximum delay that will be experienced by

data sent through the isolator.

3. MAXIMUM CLOCK DATA RATE -This term defines

the maximum data rate at which a 50% duty cycle square

wave (clock) will be distorted to a 90%/10% pulse. It is

very close to the maximum alternating 1/0 and 0/1 tran-

sition that can be passed by the system. It is defined

mathematically as:

MAXIMUM CLOCK DATA RATE =—
'1

where ti is defined as:

VOLTAGE BON
WAVEFORM
INTO LINE
DRIVER

SVSTEM TTL
OUTPUT IVqui I

'

,.j

n
4. COMMON MODE REJECTION VOLTAGE - This term

is defined as the maximum sinusoidal voltage at a given

frequency that can be applied simultaneously to both

inputs with respect to output ground and not produce an

error signal in the system output. In optocouplers, the

value of this voltage is very high at low frequencies and

decreases with increasing frequency until it reaches a

minimum. The effect is caused by the effective inter-

circuit capacitance of the emitter and detector chips,

and the detector gain and bandwidth. (See Figure 11.)

5. COMMON MODE dv/dt REJECTION MINIMUM -This

term is defined as the maximum rate of change of voltage

that can be applied to both inputs simultaneously with

respect to output ground and not produce an error in

the system output. Note that this parameter is a function

of the duration of the change, or equivalently the pulse

amplitude. The stated values in this application note

are for a 10V step pulse amplitude generated by a source

having a controlled risetimeand falltime (e.g., HP 8007B).

(See Figure 11.)
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BALANCED LINE
TERMINATION CIRCUIT

-L 0.01«F
T^ (IF REQUIRED!

Ilusirarion of tpt_H Waveforms

Horizontal 200 ns/div.

Illustration of tpn L Waveforms

Horizontal 50 ns/div.

uttration of Max Clock Data Rate

Waveforms, Horizontal 500 ns/div.

Figure 3. TTL Compatible Passive (Resistive) Termination for the 6N135 and Photographs Indicating Measured Performance at the End of the
300 Ft. Transmission Cable.

VOLTAGE TO CURRENT
REGULATOR

Mi,

r -2-4/ L
LED

60821484 E-

1N424S

^
**mTi3

3
0.01uF _L

(IFREOUIRED)-T-

3-l

—>~
4

i
|Vj |VouT

Figure 6. TTL Compatible Active Termination for the 6N135.

Table 2. Summary of Performance of 6N135 Data Transmission Systems at 1, 100, and 300 ft.

Termination

Transmission

Distance

lit)

«PLH

Ins)

tPHL

(ns)

Step Transient

Data Rate Max.

(Mbits/s)

Clock Data

Rata Max.

IMbili/sl

Worst Case

Common Mode Noise Rejection

Sinusoidal dV/dt

RESISTIVE
(PASSIVE)

Fig. 3

1

100

300

475

900

1700

500

425

300

2.0

1.1

0.6

11.2

3.0

0.8

<10kMi
5.0kV

pk-pk

1MHz 84V
pk-pk min.

250V'usmln.

ACTIVE

Fig. 6

1

100

300

500

580

875

330

270

330

2.0

1.7

1.1

5.3

4.0

1.6
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BALANCED LINE
TERMINATION CIRCUIT

56S2

_. VW—

6082-4484 *-A *^

-t>-

Vour

Zwesn T

Illustration of :pi_H Waveforms

Horizontal 200 ns/div.

Illustration of tpHL Waveforms

Horizontal 50 ns/div.

Illustration of Max. Clock Data Rate

Waveforms, Horizontal 200 ns/div.

Figure 4. TTL Compatible Passive (Resistive) Termination for the 6N 136 and Photographs Indicating Measured Performance at the End of the

300 Ft Cable.

VOLTAGE TO CURRENT
REGULATOR

LED _|7
5082-4484

>
E
*ty ->--

h ^ ^
'—r~

Figure 7. TTL Compatible Active Termination for the 6IM136.

Table 3. Summary of Performance of 6N136 Data Transmission Systems at 1, 100, and 300 ft.

Transmission

Distance

(ft)

«PLH

Ins)

'PHL

(ns)

Step Transient

Data Rate Max.

(Mbits/s)

Clock Data

Rate Max.

(Mbits/s)

Worst Case

Common Mode Noise Rejection

Sinusoidal dV/dt

RESISTIVE
(PASSIVE)

Fig. 4

1

100

300

320

640

1200

270

265

220

2.7

1.6

0.8

10.0

4.0

1.2

<10kHz;
5.0kV

pk-pk

1MHz: 84V
pk-pk mln.

250V/i«min.

ACTIVE

Flo. 7

1

100

300

376

440

700

250

250

260

2.7

2.3

1,4

6.6

5.0

2.4
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BALANCED LINE
TERMINATION CIRCUIT

18011 I, 7mA

I

Illustration of tpLH Waveforms

Horizontal 100ns/div.

Illustration of tpHL Waveforms

Horizontal 20 ns/div.

Illustration of Max. Clock Data Rate

Waveforms. Horizontal 200 ns/div.

Figure 5. TTL Compatible Passive (Resistive) Termination for the 6N 137 and Photographs Indicating Measured Performance at the End of the

300 Ft. Transmission Cable.

VOLTAGE TO CURRENT
REGULATOR

3INAZ48

- IS.'**
L£D;

50E2-McM

J1N424S

6N137 —-t

I
7A04

7U f* 1*°'

r
Figure 8. TTL Compatible Active Termination for the 6IM137.

Table 4. Summary of Performance of 6N137 Data Transmission Systems at 1, 100, and 300 ft.

M Transmission

Distance

(ft)

«PLH

Ins)

tpHL

(ns)

Step Transient

Data Rett Max.

(Mbits's)

Clot* Data

Rate Mex.

(MbittM

Worst Case

Common Mode Noise Refection

Sinusoidal dV/dt

RESISTIVE
(PASSIVE)

t

100

300

105

170

625

70

70

70

9.5

5.8

1.6

19.0

8.0

2.0

•110kHz;

5.0kV
pk-pk

8MHz: 22V
pk-pk min.

40V/|ismin.

ACTIVE 1

100

300

190

190

275

65

70

80

5.3

5.3

3.9

11.0

13.2

8.2
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PEAKING
CAPACITOR OPTOCOUPLER

E
•«P1

LEO
60K-44M21^

Q

r-^*r

Figure 9. High Output Voltage Swing, High Current, Wide
Bandwidth Line Driver that Operates From a 5 Volt Supply
and Produces a >8.5V Pk to Pk Pulsa into 300 Ft. of Balden

8777 at 10 MHz.

Figure 10. An Example of Circuit Peaking to Improve the

Performance of the Passive Termination. Cj is Chosen for tha

Minimum Value th8t Significantly Reduces Input to Output
Delay Time. In General, C, Must be Selected Individually

For Each System.

•

SYSTEM OB
OPTOCOUPIER

OUTPUT EHROR
MEASURER HERE

<5>
COMMON MODE VOLTAGE

Figure 11. Common Mode Measurement Circuit.
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HEWLETT
PACKARD APPUCATION NOTE 951-1

Optically coupled isolators are useful in applications where

large common mode signals are encountered. Examples are:

line receivers, logic isolation, power lines, medical equip-

ment and telephone lines. This application note has at least

one example in each of these areas for the 6N 138/9 series

high CTR couplers.

HP's 6N 138/9 series couplers contain a high gain, high

speed photodetector that provides a minimum current trans-

fer ratio (CTR) of 300% at input currents of 1.6 mA for

the 6N138 and 400% at 0.5 mA for the 6N 139. The excel-

lent low input current CTR enables these devices to be used

in applications where low power consumption is required

and those applications that do not provide sufficient input

current for other couplers. Separate pin connections for

the photodiode and output transistor permit high speed

operation and TTL compatible output. A base access termi-

nal allows a gain bandwidth adjustment to be made.

232C COMPATIBLE LINE RECEIVER

2500V 60Hz Common Mode Rejection

Allows use of Low Cost Line

Full 40kbs Data Rate for Line Lengths

up to 5000'

Hysteresis for Increased Noise Immunity

•ANTIPARALLEL OIOOE IS NEEDED ONLY IF REVERSE LINE
VOLTAGE EXCEEDS IBVITO PREVENT HIGH REVERSE
VOLTAGE FROM CAUSING POWER DISSIPATION IN EXCESS
OF INPUT DIODE MAXIMUM RATINGI.

'PLM- >PML
"

TOTOWul

REMOVE RA ANO RgFOR NO HYSTERESIS
R. «B

j

Rc < *. Q

e fi
«

k •.
j I.6MU

|
i.skr;

, 15kH ?N3!«M

LOW POWER INTERFACE

Operation at I

F
> 0.5mA

" 1°*HzfMAX
Low Power Consumption 1/4 CD 4001 AE

ICMOSGATEI

—

O

innr
'max- '*"

'max IS rHE FREQUENCY AT WHICH A 50* DUTY FACTOR AT
THE INPUT IS DEGENERATED TO 10% OR 90* DUTY FACTOR
AT THE OUTPUT

*
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LINE RECEIVER FOR PARTY LINE

1-8 Receivers can be used with circuit shown

Uses conventional IC Line Driver

Total Line Length 1-300' Allows use of Low Cost Line

W TO 300 FT. 22 QA TW. PH. SMIELOEO

Typical Data Rate -180kbs

(W lPLH 3 "S8C)

ISOLATOR LOADS MAY BE DISTRIBUTED
RANDOMLY ALONG THE LENGTH OF THE
LINE. OR ALL MAY 8E LUMPED AT THE
END. I- FOR 1 AND 8 ISOLATOR LOADS
WOULD BE ZJ AND 1.8mA RESPECTIVELY.

PROPAGATION DELAY; tPHl , lPLH - 0,5 to B us
OUTPUT CIROUftOS MAV ALL
BE lL6CTHtCALLV MPAHATiO,

TELEPHONE RING DETECTOR
Discriminates between Ring and Dial

Signals

Pm Minimal Line Loading (1MJ2dc, 450kfi

at 20Hz)

2500V Insulation from Telephone Line

Small Size

Integrator Included

0.02XF

rh

TW
O

lOOkil

TTL TO TTL INTERFACE

Direct Input and Output Compatibility

Adjustable Data Rate

High Fan-Out

innr

FOR HIGHER FANOUT WITH COMPARABLE
DATA RATES USE SMALLER VALUES OF R

|k

'MAX IS THE FREQUENCY AT WHICH A 50%
DUTY FACTOR AT THE INPUT IS DEGENERATED
TO 10% OR 80% DUTY FACTOR AT THE OUTPUT.

R
tini R,N (S!I 1, (mAJ <M»* <»<>

2200 1800 1.7 40

270 390 • 119

100 180 17 280
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GAIN/SPEED TRADE OFF
Obtain Maximum Speed at Required Gain

Single Resistor Required

Use same device for Multiple Applications

1m«xIS THE FHEOUENCY AT WHICH
A SO* DUTY FACTOR AT THE INPUT
IS DEGENERATED TO 10% o. TO* OUTV
•ACTOR AT THE OUTPUT

Vni RL<fI) l\(mA) 'm*. ikHl)

NONE

B20

100 46 260

1000 4.6 650

1-5000 FT. LINE RECEIVER

Drive with Standard TTL Buffer Gate

2500V 60Hz Common Mode Rejection

Allows use of Low Cost Line

40kbs Data Rate

TTL Compatible Output

UPTO 5000 FEET

//LA -A iTED PAIR

;OSO«eORN 8822051

PROPAGATION DELAY: WITHOUT CX ,DX , 1,L„ 2 to 6»i; tmL - 2S»>

WITH Dj(. C„ :> 0.002mF. t
9{M

« 2ta; IPHL
a 7jil

HIGH VOLTAGE STATUS INDICATOR

Low Power Consumption

TTL Compatible Output

High Speed

Use for Power Turn On Anticipation

Circuit, 117V Line Monitor or Other

High Voltage Sensing

.".i^JKKS

V„ - .5 in 1SV

V(Vdc or Vrms) <: V • l,(mWI

24 47k» 11

48 lOOkf. n
117 22*11 62

230 470*<il 119
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MEDICAL EQUIPMENT ISOLATION

Low Power Consumption

2500V 60Hz Isolation

Digital or Analog Operation

BATTERY
POWERED
EQUIPMENT

CONVENTIONAL DARLING
No Bias Supply Required

Base Lead available for Gain/Bandwidth

Adjust

Data Rates of 2kbs

P
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HEWLETT $0, PACKARD

COMPONENTS
APPLICATION NOTE 951-2

Linear Applications of

Optocouplers

Optocouplers are useful in applications where analog or

DC signals need to be transferred from one module to

another in the presence of a large potential difference or

induced noise between the ground or common points of

these modules.

Potential applications are those in which large trans-

formers, expensive instrumentation amplifiers or compli-

cated A/D conversion schemes are used. Examples are:

sensing circuits (thermocouples, transducers ...). patient

monitoring equipment, power supply feedback, high

voltage current monitoring, adaptive control systems,

audio amplifiers and video amplifiers.

HP's optocouplers have integrated photodetector/ampli-

fiers with speed and linearity advantages over conven-

tional phototransistors. In a photo transistor, the

photodetector is the collector-base junction so the

capacitanoe impairs the collector rise time. Also,

amplified photocurrent flows in the collector-base

junction and modulates the photo-response, thereby

causing non-linearity. The photodetector in an HP
optocoupler is a separately integrated diode so Its

photoresponse is not affected by amplified photocurrent

and its capacitance does not impair speed. Some linear

isolation schemes employ digital conversion techniques

(A/D-D/A, PWM, PCM, etc. ; in which the higher speed of

the integrated photodetector permits better linearity and
bandwidth.

The 6N135/6N136 is recommended for single channel AC
analog designs. The HCPL-2530/31 is recommended for

dual channel DC linear designs. The6N135/6 series orthe

6N137 series are recommended for digital conversion

schemes.

If the output transistor is biased in the active region, the

current transfer relationship for the 6N135 series

optocoupler can be represented as:

where lc is the collector current; If is the input LED
current; If' is the current at which K is measured: K is the

collector current when If = If'; and n is theslopeof lc vs. If

on logarithmic coordinates.

The exponent n varies with If, but over some limited range

of AIf. n can be regarded as a constant. The current

transfer relationship for an opto Isolator will be linear only

if n equals one.

For the 6N135 series optocoupler, n varies from

approximately 2 at input currents less than 5mA to

approximately 1 at input currents greater than 16mA. For

AC coupled applications, reasonable linearity can be

obtained with a single optocoupler. The optocoupler is

biased at higher levels of Input LED current wherethe ratio

of incremental photodlode current to incremental LED
current (3Id/3If) is more nearly constant.

For better linearity and stability, servo or differential

linearization techniques can be used.

The servo linearizer forces the input current of one opto-

coupler to track the input current of the second opto-

coupler by servo action. Thus, if ni=n2 over the excursion

range, the non linearities will cancel and the overall

transfer function will be linear. In the differential

linearizer, an input signal causes the input current of one

optocoupler to increase by the same amount that input

current of the second optocoupler is decreased. If

n2=*n2=2, then a gain increment in the first optocoupler will

be balanced by a gain decrement in the second

optocoupler and the overall transfer function will be

linear. With these techniques, matching of K will not effect

the overall linearity of the circuit but will simplify circuit

realization by reducing the required dynamic range of the

zero and offset potentiometers.

Gain and offset stability over temperature is dependent on

the stability of current sources, resistors, and the opto-

coupler. For the servo technique, changes of K over

temperature will have only a small effect on overall

gain and offset as long as the ratio of Ki to K2 remains

constant. With the differential technique, changes of K
over temperature will cause a change in gain of the circuit.

Offset will remain stable as long as the ratio of Ki to K2

remains constant. In the AC circuit, since (3Id/3If) varies

with temperature, the gain will also vary with temperature.

A thermister can be used in the output amplifiers of the

Differential and AC circuits to compensate for this change
in gain over temperature.

There are also several digital techniques to transmit an

optocoupler analog signal. Optocouplers can be used to

transmit a frequency or pulse width modulated signal. In

these applications, overall circuit bandwidth is deter-

mined by the required linearity as well as the propagation

delay of the optocoupler. The 6N137 series optocoupler

features propagation delays typically less than 50ns and

^
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the 6N135 series optocoupler features propagation
typically less than 300ns.

In several places the circuits shown call for a current
source. They can be realized in several ways. If Vcc is

stable, the current source can be a mirror type circuit as
shown in Figure 1.

After zero adjustment, this transfer function reduces to:

"« •

Figure 1.

If Vet is not stable, a simple current source such as the
ones shown in Figure 2 can be realized with an LED as a

voltage reference. The LED will approximately compen-
sate the transistor over temperature since AVV-VT ^
AVrMT = -2mV/°C:

Vout • f"4 tec, [(1 +») " ->]. «h«. »
V|W "1

R. leer""",

The non linearities in the transfer function where n, * n 2

can be written as shown below. For example, if Ixl ^ .35, n =

1.05, then the linearity error is 1% of the desired signal.

Incariiy error _ [1 +x)
n - n x - I

desired signal n x

HP 5082- 4484
OR

EQUIVALENT

HP 5082---— \/
M84 """

OR "f 1

EQUIVALENT

R • Vcc * V(t - VF

ImA i;r

b Vf - Vb,

Re

V
F
a 1.6V Bli 1mA

-UEE

'Figure 2.

SERVO ISOLATION AMPLIFIER
The servo amplifier shown in Figure 3 operates on the
principle that two optocouplers will track each other if

their gain changes by the same amount over some
operating region. U2 compares the outputs of each opto-
coupler and forces If2 through D2 to be equal to Ifi

through Di, The constant current sources bias each If at

3mA quiescent current. Ri has been selected so that Ifi

varies over the range of 2mA to 4mA as Vin varies from
—5V to +5V. Rt can be adjusted to accommodate any de-
sired range. With Vin=0, R2, is adjusted so that Vout=0.
Then with Vin at some value, R4 can be adjusted for a gain

of 1. Values for R2 and R4 have been picked for a worst

case spread of optocoupler or current transfer ratios. The
transfer function of the servo amplifier is:

VfoUT = «#) fe^n-^y""-.]

Figure 3. Servo Type DC Isolation Amplifier.

Typical Performance for the Servo Linearized

DC Amplifier

1% linearity for 10V p-p dynamic range
Unity voltage gain

25 kHz bandwidth (limited by Ui, Uj)

Gain drift: -03%/°C
Offset drift: ±1 mV/°C
Common mode rejection: 46dB at 1 kHz
500V DC insulation ;3000V if 2 single couplers are used)

DIFFERENTIAL ISOLATION AMPLIFIER

The differential amplifier shown in Figure 4 operates on
the principle that an operating region exists where a gain

increment in one optocoupler can be approximately
balanced by a gain decrement in the second optocoupler.

As If: increases due to changes in V, Sl I ... decreases by an
equal amount. If n, = n- = 2, then the gain increment
caused by increases in If, will be balanced by the gain

decrement caused by decreases In l F2. The constant
current source biases each l F at 3mA quiescent current. R,

and R 2 are designed so that If varies over the range of

2mA to 4mA as V.N varies from -5V to +5V. R, and Rj can
be adjusted to accommodate any desired dynamic range.

Uj and Uj are used as a differential current amplifier:

Vout - Rb NIVR4I ici - icsl

R,, R,, R, have been picked for an amplifier with a gain of 1

for a worst case spread of coupler current transfer ratios.

The transfer function of the differential amplifier is:

*>UT

rfRIR, =~Rj
(^^(•fiJ"-W(-*f]
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Alter zero adjustment, this transfer function reduces to:

VinV"
"Rice/Vout " R 5 K*

... Ki *tt lcc\ n
'

-

'Rlr

^llftj ••*•&?'

The non linearities in the transfer function when n | j4 n2 p*

2 can be written as shown below. For example, iflxl sS.35.

rti = 1.9, nj = 1.8, then the linearity error is 1.5% of the

desired signal.

linearity error

desired signal

. l'*'l"'-"-»'°' ''"I '"''»
. where x

(ri| +n2 ) x

VlN

» Irr.

Figure 4. Differential Type DC Isolation Ampllller.

Typical Performance of the Differential Linearized

DC Amplifier:

3% linearity for 10V p-p dynamic range

Unity voltage gain

25 kHz bandwidth (limited by U,. U : , U,, U.)

Gain drift:-.4%/° C
Offset drift: ±4mV/°C
Common mode rejection: 70dB at 1 kHz
3000V DC insulation

AC COUPLED AMPLIFIER

In an AC circuit, since there is no requirement for a DC
reference, a single optocoupler can be utilized by biasing

the optocoupler in a region of constant incremental CTR

(3Id/3Ik), An example of this type of circuit Is shown In

Figure 5. Qi is biased by R h R; and Ri for a collector

quiescent current of 20mA. R 5 is selected so that I, varies

from 15mA to 25mA for Vin of 1V p-p. Under these

operating conditions, the 6N136 operates in a region

of almost constant incremental CTR. Linearity can be

improved at the expense of signal-to-noise ratio by

reducing l r excursions. This can be accomplished by

increasing Rj, then adding a resistor from the collector of

Q: to ground to obtain the desired quiescent If of 20mA.

Q: and Qi form a cascade amplifier with feedback applied

through H, and R 5 . R6 is selected as V^/l, with I, selected

for maximum gain bandwidth product of Qi. R* is selected

to allow maximum excursions of V„, i
without clipping. R 5

provides DC bias to Qi. Closed loop gain (AVoui/AVin) can

be adjusted with R.. The transfer function of the amplifier

Is:

Figure 5. Wide Bandwidth AC Isolation Amplifier.

R4 R

Rp

Typical Performance of the Wide Bandwidth

AC Amplifier:

2% linearity over 1V p-p dynamic range

Unity voltage gain

10 MHz bandwidth
Gain drift: -6%/°C
Common mode rejection: 22dB at 1 MHz
3000V DC insulation

DIGITAL ISOLATION TECHNIQUES

Digital conversion techniques can be used to transfer an

analog signal between two isolated systems. With these

techniques, the analog signal is converted into some
digital form and transmitted through the optocoupler.

This digital information is then converted back to the

analog signal at the output. Since the optocoupler is used

only as a switch, the overall circuit linearity is primarily

dependent on the accuracy by which the analog signal

can be converted into digital form and then back to the

analog signal. However, the overall circuit bandwidth is

limited by the propagation delays of the optocoupler.
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Figure 6 shows a pulse width modulated scheme to isolate

an analog signal. The oscillator operates at a fixed

frequency, f. and the monostable multivibrator varies the

duty factor of the oscillator proportional to the input

signal, V,-,. The maximum frequency at which the

oscillator can be operated is determined by the required

linearity of the circuit and the propagation delay of the

opto isolators:

(tn (required linearity) > |tpi_H - tprnj

At the output, the pulse width modulated signal Is then

converted back to the original analog signal. This can be

accomplished with an integrator circuit followed by a low

pass filter or through some type of demodulator circuit

that gives an output voltage proportional to the duty factor

of the oscillator.

Figure 7 shows a voltage to frequency conversion scheme
to isolate an analog signal. The voltage to frequency
converter gives an output frequency proportional to Vis.

The maximum frequency that can be transmitted through
the optocoupler is approximately:

fn - , where t = tPLH or tpH i_. whichever is larger.

I OSCILLATOR MONOSTABLE
MULTIVIBRATOR

INTEGRATOF
(DEMODULATOR!

I
-1

I OPTIONAL I

| L P. FILTER
I

1 1

Figure 6. Pulse Width Modulation.

f
^——

—

V-F
CONVERTER

'•k.V|»

V« l,
'
k*

ON 137

Figure 7. Voltage to Frequency Conversion.

At the output, the frequency is converted back into a

voltage. The overall circuit linearity is dependent only on

the linearity of the V-F and F-V converters.

Another scheme similar to voltage to frequency con-
version is frequency modulation. A carrier frequency, f , is

modulated by A1 such that f ± Af Is proportional to Vis.

Then at the output, Volt is reconstructed with a phase
locked loop or similar circuit.

One further scheme to Isolate an analog signal is to use
A-D and D-A converters and transfer the binary or BCD
Information through optocoupler. The information can be
transmitted through the optocoupler in parallel or serial

format depending on the outputs available from the A-D
converter. If serial outputs are not available, the A-D
outputs can be converted into serial form with a PISO shift

register and transmitted through one high speed
optocoupler. This scheme becomes economical espec-
ially where high resolution Is required allowing several

optocouplers to be replaced with one high speed
optocoupler. Refer to HP Application Note 947 for further

discussion of digital data transmission techniques.

359



r

s HEWLETT
PACKARD APPUCATION NOTE 964

Why Contrast Enhancement?

The most important attribute of any equipment utilizing a

digital readout is the ability to clearly display information

to an observer. A person viewing the display must be able to

quickly and accurately recognize the information being dis-

played by the instrument. The display, usually front panel

mounted, must be visible without difficulty in the ambient

light conditions where the instrument will be used.

Since most ambient light levels are sufficiently bright to im-

pair the visibility of an LED display it is necessary to employ

certain techniques to develop a high viewing contrast be-

tween the display and its background. Since the quality of

visibility is primarily subjective, it is not easily measured or

treated by analytical means. Thus, human engineering plays

a very important role in display applications. The best judge

of the viewing esthetics of a display is the human eye. In

short, is the final display design pleasing to the eye when

viewed in the end use ambient?

This application note presents various criteria and techniques

that a display designer should consider to obtain optimum

contrast enhancement for red, yellow and green LED dis-

plays. A representative list of filter manufacturers and avail-

able filters is given at the end of this discussion.

Basic Concepts

The objective of contrast enhancement is to maximize the

contrast between display "On" and display "Off" condi-

tions. This is accomplished by (1) reducing to a minimum

the reflected ambient light from the face of the display and

(2) allowing a maximum of the display's emitted light to

reach the eye of a viewer. The goal is to achieve a maximum

contrast between "On" segments and "Off" segments as well

as a maximum contrast between "Off" segments and display

package and background.

Let us begin by defining the following basic terms:

Contrast Ratio, CR, may be defined as follows:

Sou rce Luminance + Background Luminance

Background Luminance

Contrast Improvement Ratio, CIR, may be defined as

follows:

CR =

CIR' .
CR (With Filter)

CR (Without Filter)

It is desirable to have as high a CR as possible. One is able to

measure the improvement in contrast enhancement by the

CIR.

Contrast Ratio is usually applied to the face of a display as

a whole. However, with stretched segment displays, such as

Hewlett-Packard's 5082-7750 and 5082-7760 displays, it is

difficult to achieve a high value of segment on/off contrast

while effectively concealing the display package from view.

For example, a display with a black package is easily con-

cealed from view, however, the "Off" segments will be vis-

ible. This is due to the difference in reflectivity between the

"Off" segments and the black package.

A reduction in the reflectivity difference between the "Off"

segments and the package of a stretched segment display may

be obtained by adding a small amount of dye to color tint

the segments, and the display package may be colored to

match the off segment color. With the addition of an appro-

priate optical filter placed in front of the display, the "Off"

segments tend to be indistinguishable from the background.

The trade-off is that a colored package is more visible than a

black package. Because of this trade-off a designer has to de-

cide which is more important, concealing "Off" segments

or concealing the display package. Since the usual choice is

to conceal "Off" segments, Hewlett-Packard is using this

colored package technique on its 5082-7600 series High-

Efficiency Red, Yellow and Green Stretched Segment Dis-

plays.

Contrast enhancement under artificial lighting conditions

may be accomplished by use of selected wavelength optical

filters. Under bright sunlight conditions contrast enhance-

ment becomes more difficult and requires additional tech-

niques such as the use of louvered filters combined with

shading of the display. The effect of a wavelength optical

filter is illustrated in Figure 1 . The filtered portion of the

display can be easily read while the "Off" segments are not

apparent. By comparison, reading the unfiltered portion of

the display is difficult.

*

Figure 1. Effect of wavelength optical filter on LED display.
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Eye Response, Peak Wavelength and Dominant
Wavelength

The 1931 CIE (Commission Internationale De L'Eclairage)

standard observer curve, also known as the photopic curve,

is shown in Figure 2. This curve represents the eye response

of a standard observer to various wavelengths of light. The
vivid color ranges are also identified in Figure 2. The pho-

topic curve peaks at 555 nanometers (nm) in the yellowish-

green region. This peak corresponds to 680 lumens of lumi-

nous flux (Im) per watt of radiated power (W).

Two wavelengths of the LED emission are important to a

user of LED displays; Peak Wavelength and Dominant Wave-
length. Peak Wavelength (Xp ) is the wavelength of the peak
of the radiated spectrum. The peak wavelength may be used

to estimate the approximate amount of display emitted light

that is passed by an optical filter. For example, if an optical

filter has a relative transmission of 40% at a given Xp , then

approximately 40% of the display emitted light at the peak
wavelength will pass through the filter to the viewer while

60% will be absorbed. This gives a designer an initial estimate

of the amount of loss of display emitted light he should ex-

pect.

Dominant Wavelength (Xd) is used to define the color of an
LED display. Since an LED approximates a monochromatic
light source, the dominant wavelength of an LED may be de-

fined as the single wavelength which is perceived by the eye
to match the complete radiated spectrum of the device. As
an example, the dominant wavelength of Hewlett-Packard's

"Yellow" Display, which has a peak wavelength of 583 nm,
is 585 nm. As shown in Figure 2, the actual color correspond-

ing to Xd = 585 nm is yellowish-orange. Therefore, an opti-

mum wavelength filter will be one that is yellowish-orange

(or amber) in color.

Both peak wavelength and dominant wavelength are listed

in the electrical-optical characteristics on the data sheets for

Helwett-Packard's LED display and lamp products.

370 4D0 450 500

X« FOR MP DISPLAYS

550
|

6O0 550

mi ml
585 639

X - WAVELENGTH (n<n)

Figure 2. CIE Standard observer aye response curve (photopic
curve), including CIE vivid color ranges.

Filter Transmittance

The relative transmittance of an optical filter with respect

to wavelength is:

_.. . _ Luminous Flux with Filter at Wavelength X

Luminous Flux without Filter at Wavelength X

Most manufacturers of wavelength filters for use with LED
displays provide relative transmittance curves for their prod-

ucts. Sample transmittance curves are presented In Figures

3, 4, 5 and 6. These curves represent approximate filter

characteristics which may be used in various ambient light

levels. The total transmittance curve shape and wavelength

cut-off points have been chosen in direct relationship to the

LED radiated spectrum. Each filter curve has been empirical-

ly determined and is similar to commercially available prod-

ucts. The higher the ambient lightl 1 ', the more optically

dense the filter must be to absorb reflected light from the

face of the display. Because the display emitted light is also

strongly absorbed, the display must be driven at a high

average current to be readily visible. For dim ambient light,

the filter may have a high value of transmittance as the am-
bient light will be at levels much less than display emitted

light. The display can now be driven at a low average current.

Listed on each filter transmittance curve (Figures 3, 4, 5
and 6) are empirically selected ranges of relative transmit-

tance values at the peak wavelength which may give satis-

factory filtering. For example, a filter to be used with a

yellow display in moderate ambient lighting could have a

transmittance value at the peak wavelength [T(Xn) ] between
0.15 and 0.30. The filter wavelength cut-off should occur

between 530 and 550 nm for best results.

When selecting a filter, the transmittance curve shape, atten-

uation at the peak wavelength and wavelength cut-off should

be carefully considered in relationship to the LED radiated

spectrum and ambient light level so as to obtain optimum
contrast enhancement.

111 Dim ambients are in the range of 3 to 20 footcandles (32 to
21 5 lux), moderate ambients are in the range of 20 to 100 foot-
candles (215 to 1076 lux), and bright amblantt ara In the range o1
100 to 500 footcandles {1076 to 5382 lux). Footcandle -
dm/ft' ) and lux » (Im/m2

).

\ - WAVELENGTH Inm)

Figure 3. Typical transmittance curve for filters to be used with
HP standard GaAsP red displays.
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X - WAVELENGTH Inm)

Figure 4. Typical transmittance curves for filters to be used with

HP high-efficiency red displays.

X- WAVELENGTH (nm)

Figure 6. Typical transmittance curves for filters to be used with

HP green displays.

k - WAVELENGTH Inm)

Figure 5. Typical transmittance curves for filters to be used with

HP yellow displays.

Wavelength Filtering

The application of wavelength filters as described in the

previous section is the most widely used method of contrast

enhancement under artificial lighting conditions. Wavelength

filters are very effective in artificial lighting. However, they

are not very effective in daylight due to the high level am-

bient light. Filtering in daylight conditions is best achieved

by using louvered filters (discussed in a later section).

Figures 7, 8, 9 and 10 show the relationship between arti-

ficial lighting and the spectra of LED displays, both un-

altered and filtered. Figures 7a through 10a show the re-

lationship between the various LED spectra and the spectra

of daylight flourescent and incandescent light. The photo-

metric spectrum (shaded curve) is obtained by multiplying

the LED radiated spectrum [f(X)] by the photopic curve

[y(X)l. Thus, photometric spectrum f(X)-y(X). Figures

7b through 10b demonstrate the effect of a wavelength fil-

ter. The filtered photometric spectrum is what the eye per-

ceives when viewing a display through a filter (shaded curve).

Thus, filtered photometric spectrum = f(X)"y(X)'T(X). The

ratio of the area under the filtered photometric spectrum to

the area under the unfiltered photometric spectrum is the

fraction of the visible light emitted by the display which is

transmitted by the filter:

Fraction of Available a
Xf(X)-y(X)-T(X)-dX

Light from Filtered Display ^/"flXl-ytXI-dX

In addition to attenuating a portion of the light emitted by

the display, a filter also shifts the dominant wavelength, thus

causing a shift in the perceived color. For a given display

spectrum, the color shift depends on the cut-off wavelength

and shape of the filter transmittance characteristic. A choice

among available filters must be made on the basis of whichl

filter and LED combination is most pleasing to the eye. A*
designer must experiment with each filter as he cannot tell

by transmittance curves alone. The filter spectra presented

in Figures 3, 4, 5 and 6 are suggested starting points. Filters

with similar characteristics are commercially available.

Filtering Red Displays (Xp = 655 nm) Filtering out reflected

ambient light from red displays is easily accomplished with

a long wavelength pass filter having asharp cut-off in the 600

nm to 625 nm range (see Figures 3 and 7b). Under bright

flourescent light, a red filter is very effective due to the low

concentration of red in the flourescent spectrum. The spec-

trum of incandescent light contains a large amount of red,

and therefore, it is difficult to filter red displays effectively

in bright incandescent light.

Filtering High-Efficiency Red Displays (Xp = 635 nm) The
use of a long wavelength pass filter with a cut-off In the 570
nm to 590 nm range gives essentially the same results as is

obtained when filtering red displays (see Figures 4 and 8b).

The resulting color is a rich reddish-orange.

Filtering Yellow Displays (Xp = 583 nm) The peak wave-

length of a yellow LED display is in the region of the
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Figuri 7A. Relative relationship between standard GaAsP red LED
display spectrum, photopic curve and artificial lighting.
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Figure 7B. Effect of a long past wavelength filter on red

LED displays.
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Figure 8A. Relative relationship between high-efficiency red LED
display, photopic curve and artificial lighting.
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Figure 8B. Effect of e long pass wavelength filter on high-
efficiency red LED displays.
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Figure 9A. Relative relationship between yellow LED displays,

photopic curve and artificial lighting.
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Figure 9B. Effect of a long pass wavelength filter on yellow
LED displays.
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Figure 10A. Relative relationship between green LED displays,

photopic curve and artificial lighting.

550 |
600 650 '00

.\,»58S

X -WAVELENGTH Inml

Figure 10B. Effect of a bandpass wavelength filter on green

LED displays.

photopic curve where the eye is most sensitive (see Figure

9a). Also, there is a high concentration of yellow in the

spectrum of flourescent light and a lesser amount of yellow

in incandescent light. Therefore, filters that are more opti-

cally dense than red filters at the peak wavelength are re-

quired to filter yellow displays. The most effective filters

are the dark yellowish-orange (or dark amber) filters as

shown in Figure 5. The use of a low transmittance

yellowish-orange filter, as shown in Figure 9b, results in a

similar color to that of a gas discharge display. Pure yellow

filters provide very little contrast enhancement.

Filtering Green Displays (Xp = 565 nm) The peak wave-

length of a green LED display is only 10 nm from the peak

of the eye response curve (see Figure 10a). Therefore, it is

very difficult to effectively filter green displays. A long

wavelength pass filter, such as is used for red and yellow

displays, is no longer effective. An effective filter is ob-

tained by combining the dye of a short wavelength pass

filter with the dye of a long wavelength pass filter, thus

forming a bandpass yellow-green filter which peaks at 565

nm as shown in Figure 6. Pure green filters peak at 520 nm
and drop off rapidly in the 550 nm to 570 nm range and

are not recommended. The best possible filters for green

LED displays are those which are yellow-green bandpass,

peaking at 565 nm and dropping off rapidly between 575

nm and 590 nm. As shown in Figure 10b, this filter passes

wavelengths 550 to 570 while sharply reducing the longer

wavelengths in the yellow region. To effectively filter green

LED displays in flourescent light would require the use of a

filter with a low transmittance value at the peak wave-

length. This is due to the high concentration of green in the

flourescent spectrum. It is easier to filter green displays in

bright incandescent light due to the low concentration of

green in the incandescent spectrum, see Figure 10a.

Three manufacturers of wavelength filters are Panelgraphic

Corporation (Chromafilter®). SGL Homalite and Rohm &
Haas Company (Plexiglas). The LED filters produced by

these manufacturers are useable with all of Hewlett-

Packard's display and lamp products. Table 2 lists some of

the filter manufacturers and where to go for further infor-

mation. Table 3 lists some specific wavelength filter prod-

ucts with recommended applications.

Louvered Filters

Louvered filters are very effective in reducing the amount

of bright artificial light or daylight reflected from the face

of a display, without a substantial reduction in display

emitted light. The construction of a louvered filter is

diagrammed in Figure 11. Inside a plastic sheet are thin

parallel louvers which may be oriented at a specific angle

with respect to the surface normal. The zero degree lou-

vered filter has the louvers perpendicular to the filter

surface.

The operation of a louvered filter is similar to a Venetian

blind as shown in Figure 12. Light from the LED display

passes between the parallel louvers to the viewer. Off-axis

ambient light is blocked by the louvers and therefore is not

able to reach the face of the display to be reflected back to

the viewer. This results in a very high contrast ratio with

minimal loss of display emitted light at the On-axis viewing

angle. The trade-off is a restricted viewing angle. For

example, the zero degree louvered filter shown in Figure 11

has a horizontal viewing angle of 180°; however, the vertif

cal viewing included angle is 60°. The louver aspect ratio'

(louver depth/distance between louvers) determines viewing

angle. A I ist of louver option possibilities is given in Table 1

.

Some applications require a louver orientation other than

zero degrees. For example, an 18 degree louvered filter may

be used on the sloping top surface of a point of sale termi-

nal. A second, is the use of a 45 degree louvered filter on

overhead instrumentation to block out ambient light from

ceiling mounted lighting fixtures.

Louvered filters are effective filters for enhancing the view-

ing of LED displays installed in equipment operating under

daylight ambient conditions. In bright sunlight, the most

effective filter is the Crosshatch louvered filter. This is

essentially two zero degree neutral density louvered filters

oriented at 90 degrees to each other. Red, yellow and green

digits may be mounted side by side in the same display.

Using only the Crosshatch filter, all digits will be clearly

visible and easily read in bright sunlight as long as the sun-

light is not parallel to the viewing axis. The trade-off is

restricted vertical and horizontal viewing. The effective

viewing cone is an included angle of 40 degrees (for a filter

aspect ratio of 2.75:1).
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Figure 11. Construction characteristics of 0° neutral density louvered filter.

Tabta 1.

Filters -
Available Options for Louvered

Any Combination is Possible

Aspect Ratio and
Viewing Angle

Louver
Angle

Louver Color

2.75:1 =60°
2.0: 1 = 90°

3.5:1 =48°

0°

18°
30°

45°

Opaque Black

Translucent Gray

Transparent Black

Example: 2.75:1 - 18° - Transparent Black

LED SOURCE

Figure 12. Operation of a louvered filter.

LOUVERED CONTRAST
FILTER

Neutral density louvered filters are effective by themselves

in most bright ambient lighting conditions without the aid

of a secondary wavelength filter. However, colored louvered

filters may be used for additional wavelength filtering at the

expense of display emitted light.

3M Company, Light Control Divison, manufactures lou-

vered filters for LED displays. Their product trade name is

"Light Control Film", which is useable with all of Hewlett-

Packard's LED display and lamp products.

Circular Polarizing Filters

Circular Polarizing Filters are effective when used with LED
displays that have specular reflecting front surfaces. Spec-

ular reflecting surfaces reflect light without scattering. Dis-

plays that have polished glass or plastic facial surfaces

belong to this category. Circular Polarizing Filters are effec-

tive when used with Hewlett-Packard's 5082-7010, -7100

and -7300 series displays.

The operation of a circular polarizer may be described as

follows. As shown in Figure 13, the filter consists of a

laminate of a linear polarizer and a quarter wave plate. A
quarter wave plate has its optical axis parallel to the flat

surface of the polarizer and is oriented at 45° to the linear

polarization axis. Non-polarized light is first linearly polar-

ized by the linear polarizer. The linearly polarized light has

x and y components with respect to the quarter wave plate.
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Figure 13. The operation of a circular polarizer.

QUARTER WAVE PLATE CIRCULAR POLARIZER

As the light passes through the quarter wave plate, the x

and y components emerge 90 out of phase with each

other. The polarized light now has x and y forming a helical

pattern with respect to the optical path, and is termed cir-

cular polarized light. As this circular polarized light is re-

flected by the specular reflecting surface, the circular polar-

ization is reversed. When the light passes back through the

quarter wave plate it becomes linearly polarized at 90 to

the linear polarizer. Thus reflected ambient light is blocked.

The advantage of a circular polarizer is that reflected ambi-

ent light is reduced more than 95%. However, the trade-off

is that display emitted light passing through the circular

polarizer is reduced by approximately 65% at the peak

wavelength. This then necessitates an increased drive cur-

rent for the display, more than that required for a wave-

length filter.

Circular polarizers are normally colored to obtain addi-

tional selected wavelength filtering. One Caution: outdoor

applications will require the use of an ultraviolet, uv, filter

in front of the circular polarizer. Prolonged exposure to

ultraviolet light will destroy the filter's polarizing proper-

ties.

Polaroid Corporation manufactures circular polarizing

filters in the United States. In Europe, E. Kaseman of West

Germany produces high quality circular polarizers.

Anti-Reflection Filters, Mounting Bezels

and Other Suggestions

Anti-reflection filters: A filtered display still may not be

readable by an observer if glare is present on the filter

surface. Glare can be reduced by the addition of an anti-

reflection surface as part of the filter. Both sections of the

display shown in Figure 14 are filtered. The left hand filter

has an anti-reflection surface while the right hand filter

does not.

An anti-reflection surface is a mat, or textured, finish or

coating which diffuses incident light. The trade-off is that

both incident ambient and display emitted light are dif-

fused. It is therefore desirable to mount the filter as close

to the display as possible to prevent the display image from

appearing fuzzy.

Panelgraphic Chromafilters® come standard with an anti-

reflection coating. SGL Homalite offers two grades of a

molded anti-reflection surface. 3M Company and Polaroid

also offer anti-reflection surface options. Optical coating

companies will apply anti-reflection coating for specialized

applications, though this is usually an expensive process.

Three companies of many which do commercial filter coat-

ing are: Optical Coating Labs, Inc., Santa Rosa, California;

Optics Technology, Inc., Redwood City, California: Valpey

Corporation, Holliston, Massachusetts.

Mounting bezels: It is wise to take into account the added

appearance of a front panel that has the display set-off by a

bezel. A bezel of black plastic, satin chrome or brushed

aluminum, as examples, will accent the display and attract

the eye of the viewer. The best effect can be achieved by a

custom bezel. Commercial black plastic bezels for digits up

to .3 inch (7.62 mm) tall are available, see Table 2.

Other suggestions: When designing the mounting configura-

tion of a display, consider recessing the display and filter

0.25 inch (6.35 mm) to 0.5 inch (12.7 mm) to add some

shading effect. If a double sided printed circuit board is
|

used, keep traces away from the normal viewing area or

cover the top surface traces with a dark coating so they can

not be seen. Mount the display panel in such a manner as to

be easily removed if service should become necessary. If

possible, mount current limiting resistors on a separate

board to reduce the ambient temperature in the vicinity of

the displays.

O u n cU I u O
•
«—

Figure 14. Effect of arm-ruf loct ion surface on an optical filter.
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Table 2. Lift of Filttr and Bezel Product Manufacturers Tibia 3. Specific Wavelength Filter Products

Manufacturer

Panelgraphic Corporation

10 Henderson Drive

West Caldwell. New Jersey 07006
Phone: (2011 227-1500

)SGL Homalite

1 1 Brookside Drive

Wilmington, Delaware 19804

Phone: 1302) 652-3686

3M - Company
Visual Products Division

3M Center, Bldg. 235-2E

Saint Paul, Minnesota 55101

Phone: (612) 733-5747

Glarechaq, Ltd.

1-4 Christina St.

London EC2A 4PA
England

Phone: (44) 1-739-6964

Rohm and Haas

Independence Mall West
Philadelphia. Pennsylvania 19105

Phone: (215) 592-3000

Polaroid Corporation

Polarizer Division

549 Technology Square

Cambridge, Massachusetts 02139

Phone: 1617) 864-6000

E. KHsemann GmbH
D 8203 Oberaudorf

West Germany
Phone: (08033) 342

Norbex Division

Griffith Plastics Corporation

1027 California Drive

Burimgama. California 94010
Phone: (415)344-7691

Industrial Electronic Engineers. Inc.

7720-40 Lemona Avenue
Van Nuys, California 91405

Phone:(213)787-0311

Rochester Digital Oisplays, Inc.

120 North Main Street

Fairport, New York 14450
Phone: (716) 223-6855

Product

Chromafllter® - Wave-

length filters with

anti-reflective coating;

Red. Yellow, Green

Wavelength filters: two
optional anti-reflective

surfaces; three plastic

grades, Red. Yellow,

Green

3M - Brand

Light control film;

louvared filters

Spectrafilter

Plexiglass; sheet and

molding powder;

wavelength filters,

sold as Oroglas In

Europe

Circular polarizing

filters

Circular polarizing

filters

DIGIBEZEL®; Plastic

bezels for LED dis-

plays

Plastic bezels for .30

inch (7,62mm) tall

LED displays

Complete mounting kits

for H.P. 5082-7300.
-7700 and -7600

displays.

Filter Product Typ* Of LED Display Ambient Lighting

Panelgraphic Chromaf llttr® With Anti-Reflection

Ruby Red 60
Derk Red 63

Scarlet Red 65

Standard Red

High -Efficiency Red

Moderate
Bright

Moderate

Yellow 27 Yellow Moderate

Green 48 Green Moderate

Gray 10 All Colors Sunlight

SGL Homalite. Grade 100

HI 00-1 605 Standard Red Moderate

H100-1670 High-Efficiency Red Moderate

HI 00-1726

H100-1720
Yellow

Dim
Moderate

H 100-1 440
HI 00-1 425

Green
Dim

Moderate

H100-1266 Gray All Colors Sunlight

Anti-Reflection

LR-72: 0.5 inch (12.70mm) Mounting Distance From Display

LR-92: Up to 3.0 inch (76.20mml Mounting Distance From Display

Rohm & Haas

Plexiglas 2423

Orogles 2444
Standard Red Moderate

3M Company - Visual Products Division

Louvered Filters

R6510 Standard Red Indirect Sunlight

R6310 High-Efficiency Red Indirect Sunlight

A5910 Yellow Indirect Sunlight

G5610 Green Indirect Sunlight

N0220
25%N.D.Grav

All Colors Sunlight

Anti-Reflective

Matte or Very Light Matte Front Surface Fi •Ml

Glarecheq Spectrafilter

110 High-Efficiency Red Moderate

118
112

Standard Red
Moderate
Bright

106 Yellow Moderate

107 Green Moderate

105 All Colors Sunlight
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. HEWLETT
KM PACKAPD APPLICATION NOTE 966

Applications of the HP HDSP-2000

Alphanumeric Display

This note is intented to serve as a design and application

guide for users of the HP HDSP-2000 alphanumeric

display device. The information presented will cover: the

theory of the device design and operation; considerations

for specific circuit designs; thermal management, power
derating, and heat sinking; and intensity modulation

techniques.

The HP HDSP-2000 device has been designed to provide a

high resolution information display subsystem. Each
character of the 4 character package consists of a 5x7

array of LEDs which can display a full range of alphabetic

and numeric characters plus punctuation, mathematical

and other special symbols.

Each character is 3.8mm high by 2.2mm wide with 4.5mm
center to center spacing. The overall package size is

designed to allow end stacking of multiple clusters to form

character strings of any desired length.

ELECTRICAL DESCRIPTION

The on-board electronics of the HP HDSP-2000 display

will eliminate some of the classical difficulties associated

with the use of alphanumeric displays. Traditionally,

single digit LED dot matrix displays have been organized
in an x-y addressable array requiring 12 interconnect pins

per digit plus extensive row and column drive support

electronics. The HP HDSP-2000 provides on-board

storage of decoded row data plus constant current sinking

row drivers for each of the 28 rows in the 4 character

display. This approach allows the user to address each
display package through just 11 active interconnections

vs. the 1 76 interconnections and 36 components required

to effect a similar function using conventional LED
matrices.

Figure 1 is a block diagram of the internal circuitry of the

HP HDSP-2000 display. The device consists of four LED
matrices and two 14-bit serial-in-parallel-out shift

registers. The LED matrix for each character is a 5x7 diode

array organized with the anodes of each column tied in

common and the cathodes of each row tied in common.
The 7 row cathode commons of each character are tied to

the constant current sinking outputs of 7 successive

stages of the shift register. The like columns of the 4

characters are tied together and brought to a single

address pin (i.e., column 1 of all 4 characters is tied to pin

1, etc.). In this way, any diode in the four 5x7 matrices may
be addressed by shifting data to the appropriate shift

register location and applying a voltage to the appropriate

column.

The serial-in-parallel-out (SIPO) shift register has a^

constant current sinking output associated with each shift

register stage. The output stage is a current mirror design

with a nominal current gain of 10. The current to the

reference diode is established from the output voltage of

the brightness input buffer applied across the current

reference resistors, R. The reference current flow is

controlled by a switching transistor tied to the output of

the associated shift register stage. A logical 1 loaded Into

the shift register will turn the current source "ON" thereby

sinking current from the row line. A voltage applied to the

appropriate column input will then turn "ON" the desired

diode.

Data is loaded serially into the shift register on the high to

low transition of the clock line. The data output terminal is

a TTL buffer interface to the 28th bit of the shift register

(i.e.. the 7th row of character 4 in each package). The Data
Output is arranged to directly interconnect to the Data

Input on a succeeding 4 digit HP HDSP-2000 display

package. The Data, Clock and VB inputs are all buffered to

allow direct interface to any TTL or DTL logic family.
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(DO NOT CONNECT!

Figuro 1. Block Diagram of the HDSP-2000.

THEORY OF OPERATION

Dot matrix aplhanumeric display systems generally have a

logical organization which prescribes that any character

be generated as a combination of several subsets of data.

In a 5x7 matrix, this could be either 5 subsets of 7 bits each
or 7 subsets of 5 bits each. This technique is utilized to

reduce from 35 to 5 or 7 the number of outputs required

from the character generator. In order to display a

complete character, these subsets of data are then

presented sequentially to the appropriate locations of the

display matrix. If this process is repeated at a rate which

insures that each of the appropriate matrix locations is re-

energized, a minimum of 100 times per second, the eye will

perceive a continuous image of the entire character. The
apparent intensity of each of the display elements will be

equal to the intensity of that element during the "ON"
period multiplied by the ratio of "ON" time to refresh

period. This ratio is referred to as the display duty factor,

and the technique is referred to as "strobing". In the case

of the HP HDSP-2000, each character is made up of 5

subsets of 7 bits. For a four character display, 28 bits

representing the first subset of each of the four characters

are loaded serially into the on-board SIPO shift register

and the first column is then energized for a period of time,

T. This process is then repeated for columns 2 through 5.

If the time required to load the 28 bits into the SIPO shift

register is t, then the duty factor is:

D.F. =
5(t+T) :

(0

the term 5(t+T) is then the refresh period. For a

satisfactory display, the refresh period should be:

V[5(t+T)] 5 100 Hz

or conversely

5(t+T) s: 10 msec
,

which gives

(t+T) «S 2 msec.

(2)

(3)

(4)

Two milliseconds then is the maximum time period which
should be allowed for loading and display of each column
location. For t<T, the duty factor will approach 20%. The
number of digits which can be addressed in a single string

is then dependent upon the minimum acceptable duty

factor and the choice of clock rate. For instance, at 1 MHz
clock rate, a 100 character string of 25 packages could be

operated at a duty factor of
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D.F. =
(T-l) - (No. of bits to be !oaded)x(l/l MHz)

5(T-t)

(2 msec) - (700) (1/jsec)

5x2 msec
= 13%

For most applications, a duty factor of 10% or greater will

provide more than satisfactory display intensity. In

brightly illuminated ambient environments, a higher duty
factor may be desirable whereas, in dim ambient
situations, the duty factor may have to be reduced in order

to provide a display with satisfactory contrast.

DRIVE CIRCUIT CONCEPTS

A practical display system utilizing the HP HDSP-2000
display requires interfacing with a character generator

and refresh memory. A block diagram of such a display

system is depicted in Figure 2. In explanation, assume that

this system is for a four character display. Therefore, the

1/N counter becomes a 1/4 counter where N is equal to the

number of characters in the string. The refresh memory Is

utilized to store the information to be displayed.

Information can be coded in any one of several different

standard data codes, such as ASCI lor EBDIC, or the code
and the display font can be customized through the use of

a custom coded ROM. The only requirement is the output

data be generated as 5 subsets of 7 bits each. The
character generator receives data from the refresh

memory and outputs 7 display data bits corresponding to

the character and the column select data input. This data

is converted to serial format in the parallel to serial shift

register for clocking into the HP HDSP-2000 display shift

register. In the typical system, the right most character to

be displayed is selected first and the data corresponding

to the ON and OFF display elements in the fist column is

clocked into the first 7 shift register locations of the HP
HDSP-2000. In a similar manner, column 1 data for

characters 3, 2. and 1 is selected by the 1/N counter,

decoded and shifted into the display shift register. After 28

clock counts, data for each character is located in the HP
HDSP-2000 shift register locations which are associated!

with the 7 rows of the appropriate LED matrix. The VN*
counter overflows, triggering the display time counter,

enabling the output of the 1/5 column select decoder and
disabling the clock input to the HP HDSP-2000. The
information now present in the shift registers will be

displayed for a period, T, at the column 1 location. At the

end of the display period, T, the divide by 5 counter which

provides column select data for both the HP HDSP-2000
and the character generator is incremented one count and
column 2 data is then loaded and displayed in the same
manner as column 1. This process is repeated for each of

the 5 columns which comprise the 5 subsets of data

necessary to display the desired characters. After the fifth

count, the 1/5 decoder automatically resets to one and the

sequence is repeated. The only changes required to

extend this interface to character strings of more than 4

digits are to increase the size of the refresh memory and to

change the divide by four counter to a modulus equal to

the number of digits in the desired string.

Since data is loaded for all of the like columns in the

display string and these columns are then enabled

simultaneously, only five column switch transistors are

required regardless of the number of characters in the

string. The column switch transistors should be selected

to handle approxmately 110mA per character in the

display string. The collector emitter saturation voltage

characteristics and column voltage supply should be

chosen to provide a 2.6V < Vcoi < Vcc. To save on power

SYSTEM
CLOCK

IN

PARALLEL IN

SERIAL OUT
SHIFT

REGISTER

WN COUNTER
CLOCK N- No. OF DIGITS

N IN DISPLAY
STRING

ASCII
DATA

;

in
;

DISPLAY TIME (T>

REFRESH
MEMORY

COLUMN
SELECT
COUNTER

ASCII DATA IN
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DA
U
T

T

A 'LINE
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DATA INCOLUMN
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DATA M**1" ,ft DATA
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COLUMN ENABLE
TRANSISTORS f
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Figure 2. Block Diagram of a Basic Display System.
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supply costs and improve efficiency, this supply may be a

fullwave rectified unregulated DC voltage as long as the

PEAK value does not exceed the value of Vcc and the

minimum value does not drop below 2.6 volts.

Since large current transients can occur if a column line is

enabled during data shifting operations, the most
satisfactory operation will be achieved if the column
current is switched off before clocking begins. Ice will be
reduced by about 1 0-15% if the clock is held in the logical

1 state during the display period, T.

INTERFACE CIRCUITS FOR THE HP HDSP-2000

There are many possible practical techniques for

interfacing to the HP HDSP-2000 alphanumeric display.

Three basic approaches will be treated here.

Instrumentation Interface Circuit

The circuit shown in Figure 3 is for a 1 6 character display

and is designed to function primarily as a readout for

general Instrumentation systems. CMOS logic circuitry is

utilized In this design, however, it should be a simple
exercise to substitute TTL functions if CMOS Is not

desired. In this circuit, a CD4022 and CD4520 are

combined to perform the functions of the divide by 7,

divide by 1 6 (1/N) and display time counters as depicted in

Figure 2. The timing diagram, Figure 4, demonstrates the

relationship of the various critical outputs and Inputs. The
CD4022 actually acts nere as a divide by 8 counter with the

first count used to latch data into the parallel-in-serial-out

(PISO) shift register and the other 7 counts shifting data

out of the PISO and into the HPH DSP-2000. The CD4520 is

a dual 4 bit counter wired as an 8 bit binary ripple counter.

The NAND gate, U i, establishes the ratio of loading time to

display time. In this case, loading will occur once in every

8 x 2
7
clock counts for a period of 8 x 2

4
clock counts. Duty

factor is then from (1)

D.F. =
(8x 2')-(8x 2

5,8x7^ -™
and the refresh period is

5 (8 x 2
7
) t,

where r = clock period.

The four least significant bits of the CD4520 counter are

used to continually address the CD4036 refresh memory.
Data can be written into the desired memory address by
strobing the WRITE ENABLE line when the appropriate

memory address appears on the WRITE ADDRESS lines.

This function can occur simultaneously with a read from

memory.

Two counters, a CD4029 and a CD4022, are used for the

column data generator and the column select decoder,

respectively. Note that the Signetlcs 2516 character

generator requires column select inputs of binary codes 1

to 5 instead of binary to 4. For this reason, the CD4029 is

preset to a binary 1 by the same pulse which is used to

reset the CD4022 column select decoder. To minimize Ice.

the Vb terminal is held low during data load operations,

turning "OFF" the current mirror reference current. The
column current switch is a PNP Darlington transistor

driven from a buffered NAND gate. The 1 N4720 serves to

reduce the column voltage by approximately 1 volt,

thereby reducing on board power dissipation in the HP
HDSP-2000 devices. Due to maximum clock rate limita-

tions of the CMOS logic, clock input should not exceed
1 MHz.

32 Character Keyboard Interface Circuit

The circuit shown in Figure 5 will directly interface the HP
HDSP-2000 display to most standard keyboards. Interfac-

01234567B9 10 1+2+3-t**6+6+7*B
* 21 CLOCK COUNTS B X 2" CLOCK COUNTS

-UUUlR^lJIRjIT LnJTMJUTRJWllJir
I

-—
I PARALLEL LOAD
CO 4014 WHEN HIGH

LOAD TIME

1
, .

DISPLAY TIME

hLT
-th- u™m«

REPEATS 16 TIMES
TO LOAD 16 COLUMNS
OF 1 BITS EACH

REPEAT
- FROM

ZERO

Figure 4. Timing Diagram for Display Interface.
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ing to a keyboard without a "smart" system to generate

some of the special functions required can result in some
unique problems which must be considered. This system

provides the following special features:

• Provides a cursor to indicate the position in the line of

the next character to be entered.

• Blanks all data to the right of the cursor in the display.

• Provides for external display blanking and intensity

control.

• Implements "Return" and "Backspace" functions.

The timing and data scan portions of this circuit are

similar to those of the circuit shown in Figure 3 and will not

be reviewed in detail. These portions of the circuit are

enclosed in the dashed line. The major addition to the

circuit which allows simple implementation of the special

functions is a position counter and comparator. The

position counter is an up-down counter which is preset to

n-1 (n = number of characters in the display string) by

"RETURN". The counter is decremented for each

keystroke representing a valid display character and

incremented for a "BACKSPACE" input code. A Fairchild

9324 five bit comparator compares the position counter

output to the memory scan address. The memory scan

begins at zero and represents the data for the right most

(32nd) character in the display. The position count is

indicative of the number of character keystrokes which

have decremented the position counter from 31. The

comparator senses two conditions of the relative values of

the two counters. For memory scan equal to position

count, the A=B output of the comparator will be a logical

"1". For all other conditions of the two counters, A=B is a

logical "0". This signal is inverted and is used to gate data

from the PISO via U> into the HP HDSP-2000. For the

condition A=B, the gating input is a logical "0" and the

output of NAND gate U: is therefore held at a logical "1".

This will cause all of the diodes associated with the

character position A=B to be illuminated, thus forming the

"cursor". The second condition which is sensed by the

comparator is for a memory scan count less than position

count, (A>B). This condition represents all character data

to the right of the cursor and results in a logical "1" at the

"A>B" output of the comparator. It is normally desirable

for these characters to blank, hence a logical "0" should

be loaded into the corresponding HP HDSP-2000 shift

register locations. This is implemented by inverting the

"A>B" output and applying the resulting signal to one

input of NAND gate, U|. For "A>B" at a logical "1", the

output of Ui will be a logical "1". This signal will then be

inverted by Ih, causing logical "0" data to be loaded into

the HP HDSP-2000 shift register for all characters to the

right of the cursor. For "A=B" and "A<B", Ui will pass

inverted data from the PISO to U2. These comparator

signals are also used to control the loading of data into the

proper refresh memory location. Keyboard data is initially

stored in the 7475 D latches using the keyboard

"STROBE" signal to trigger a one shot clock pulse from

U3. This pulse triggers a second one shot, U4, which gates

a "SET" signal to the load control flip flops, Us and U6 ,
for

any valid character code. This arms the load control so

that a write enable pulse will be sent to the 7489 RAM as

soon as "A=B". The "A=B" signal is used to prevent a

second data entry from occurring during the middle of a

write pulse. The write pulse also clears the load control

flip-flops on the next clock cycle so that a new arriving

signal can be recognized. The Q output of U5 is also used

to decrement the position counter.

The other special functions which are added to the circuit

of Figure 3 are an intensity control and a blanking input.

Intensity control is realized through the 74122 retrigger-

able monostable multivibrator, U7. This circuit controls

the time that the column select decoder is enabled during

the display time, T. The display Is externally blanked by

holding the "RESET" input of the column select counter at

a logical "0".

The circuit shown in Figure 5 is also convenient for use in

instrumentation and computer readouts. In this situation,

a "Busy" signal composed of Q-U 2 , Q-U 3 and Q-U4 will

allow the display Interface to indicate to the driving

system when data can be accepted.

Remote Display-Interface

In many systems, It is desirable to display data at multiple

remote locations without having to provide the relatively

complex and expensive decoding and timing scheme

depicted In the previous two examples. This type of

application may most often be utilized in paging system

readouts, remote message displays and other systems

where multiple displays would be addressed from asingle

central processor. The circuit shown in Figure 6 is

designed to store and display a string of decoded data.

The circuit requires data input from a system which can

generate and serially output display and column select

data — for instance, a minicomputer or microprocessor.

The total number of bits of storage required (including the

HP HDSP-2000 and the 5 bit column select shift register)

is:

Storage = 35 N + 25. (5)

where N = the number of characters in the display string.

The data input format should be divided into 5 equal

subsets of information. Each subset should contain all of

the data required to completely load the HP HDSP-2000
display string shift register (7N bits) for a given column,

proceeded by a 5-bit column select code which will be

shifted into the 5-bit SIPO at the HP HDSP-2000 output.

The circuit has been designed to operate from two differ-

ent clocks. This is important in systems where the display

may be radio link addressed with the DATA ENTRY
CLOCK being reconstituted from the data stream. For

loading, LOAD DATA is taken low and loading can com-

mence after READY goes low. Data is entered into the shift

register through a gated input. The data string must con-

tain the proper number of bits as defined by (5) and should

be loaded in the shift register with one of the 5-bit column

select codes loaded fully In the column select SIPO shift

register. After loading is complete, LOAD DATA is

returned high and clocking will be controlled by the

DISPLAY CLOCK. The display clocking is designed to

shift the stored data by 7N + 5 bits and then stop and

display the shift-register contents for a period oftime. T, as

defined by the period of the one shot, Ui. Ui is triggered

when the clock line goes low after the synchronous

counter has counted to 7N - 5. The output of Ui resets the

counter and disables the counting until the end of the

period, T. The D flip-flop, U3, insures that clock pulses to
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the shift registers always start synchronous with the

beginning ot a full clock cycle so that erroneous clocking

will not occur. U3 is utilized to give intensity control for the

HP HDSP-2000. if desired. It can be overridden by

connecting the U4(i-5> input to the Q output of Ui instead

Of U3.

The shift register memory utilized in this circuit is only one

of several forms of memory which could be chosen.

Another possibility would be the use of a 512 x 1 bit or 1024

x 1 bit RAM. The counter outputs would then be used to

select the RAM address.

POWER DISSIPATION/JUNCTION TEMPERATURE
CALCULATIONS

The HP HDSP-2000 combines a significant amount of

logic and display capability in a very small package. As
such, on board power dissipation is relatively high and
thermal design of the display mounting becomes an

important consideration. The HP HDSP-2000 is designed

to permit operation over a wide range of temperature and

supply voltages. Full power operation at Ta = 25°C (with

Vcc = Vb = Vcol = 5.25V; is acceptable if the thermal

resistance from pins to ambient, Oca, is no greater than

35° C/watt/cluster. This value assumes that the mounting

surface of the display becomes an isothermal plane. If

only one display is operated on this isothermal plane at 1 .7

watts maximum, then the temperature raise above

ambient is:

Trise [35°C/watt] x 1.7 watts = 42.5°C. (6!

If a second display is placed on this same thermal plane,

with no increase in thermal dissipation capability the

temperature would be doubled (i.e., 85°C) — reaching

catastrophic levels very quickly. However, in most

applications maximum achievable power dissipation is

considerably less than the maximum allowable package

dissipation of 1.7W. Calculation of power dissipation in

the HP HDSP-2000 can be made using the following

formula:

Pd = Pi Ice:

where

PilREFi + P(Icol) (7)

Piicc) = ice ;vB = 0.4V; x Vcc (
;

PilREF) = ;icciVB = 2.4Vi - lcc(VB = 0.4V:|xVccx;n/35!
X 5 X D.F. (9;

P'Icol: = Icol x Vcol x (n/38) x 5 x D.F. (10)

where

Ice is measured with all S.R. stages equal to logical 1.

n = average number of diodes illuminated per character.

D.F. = Column On Time from equation (1i or the

Column On Time due to pulse width modulation of Vb,

whichever is lower.

As can be seen from formulas (8i, [9) and (10;. there are

several techniques by which total power dissipation can

be derated:

• Lower Vcc to minimum
• Lower Vcol to minimum
• Lower D.F.

Maximum and typical power dissipation can be calculated

from the maximum and typical values of Ice and Icol

published in the HP HDSP-2000 data sheet. While it is

possible to operate the columns of the HDSP-2000 display

using fullwave rectified unregulated DC. lower power
dissipation can be achieved by using the regulated Vcc
supply. Then, Vcol is equal to Vcc minus the collector to

emitter saturation voltage across the column switching
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Figure 6. Display Interface Designed to Accept Decoded Data.
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transistors. Since the minimum recommended Vcol is

2.6V. PNP Darlington transistors with a silicon diode in

series with tne emitter can be used to lower the power
dissipation within the display. In most implementations of

the ASCII character set the maximum number ot diodes
illuminated within a display character, n, is 21 while a

typical character has 15 dots illuminated. While the

maximum D.F. is 20%, In most applications D.F. < 17.5%
I due to the required time to load the display. A D.F. of 1 7.5%
represents a (7/8) ratio of display time to total time such as
illustrated in the circuit shown in Figure 3. Many
applications achieve a D.F. much lower than 17.5%. For
example, the HDSP-2470 alphanumeric display system
when configured for 40 characters has a D.F. of 11.6%.

As an example, the maximum power dissipation can be
calculated for the circuit shown in Figure 3. In this circuit

VcOLlMAX) = 5.25V - 1.3V (MPS-U95 @ 1.6A; -85V
(1N4720 @ 1.6A) - 3.10V. Thus maximum achievable
power dissipation can be calculated as shown below:

P(ICC) = 60mA x 5.25V (11)
= 315 mW

P(Ihef) = (95mA -60mA) x 5.25V x (21/35) x 5 x 0.175
= 96.5mW (12)

P(ICOL) 410mA x 3.1V x (21/35) x 5 x 0.175 (13)
= 667 mW

Pd = P(Icc) + P(lREF) + P(Icol) (14)
= 1079 mW

Similarly, typical power dissipation can be calculated as:

P(ICC) = 45mA x 5.00V (15)
= 225 mW

P(lREF) = (73mA -45mA) x 5.00V x (15/35! x 5 x 0.175
= 52.5mW 16

PdCOL) = 335mA x(S.00V-1.3V-.85V}x(15/35ix5x0.175
= 358 mW (17)

Po = P(ICC) + P(lREF) + P(lcOL) (18)
= 636 mW

For operation at the maximum temperature of 70° C, it is

important that the following criteria be met:

k
a. Tcase £ 100°C,

where Tcase = hottest pin temperature

b. Tic junction £ 125°C

Thermal resistance from junction to case, Ojc is typically

25° C/watt. Using these factors, it is possible to determine
the required heat sink power dissipation capability and
associated power derating through the following assump-
tions:

Tic junction = (9ca x Pd) + Ojc f
Pd ~g015n

) (19)

Tcase = (8ca) Pd (20!

where (
p° "„015n )is the power dissipated in each IC.

HEAT SINKING CONSIDERATIONS

In practice, heat sink design for the HP HDSP-2000
involves optimization of techniques to dissipate heat

through the device leads. Figures 7 and 8 schematically

depict two possible heat sink designs. In many
applications, a maximum metalized printed circuit board
such as shown in Figure 7 can provide adequate heat
sinking for the HDSP-2000 display. For example, the
HDSP-2416/-2424/-2432/-2440 display boards consist of

HDSP-2432 DISPLAY BOARD

25 MIL INSULATING "TRACES" TO
SEPARATE METAL CONDUCTORS

Figure 7. Maximum Metalized Printed Circuit for the HP HDSP-2000.

THERMAL
CONDUCTING
COMPOUND

THERMAL
CONDUCTIVE SILICONE
RUBBER SHEET
(ELECTRICALLY
INSULATING)

TWO PIECE
BLACK ANODIZED
HEAT SINK

METAL CHASSIS .

DISPLAY BEZEL AND
CONTRAST ENHANCEMENT
FILTER

HDSP2000 DISPLAY

PRINTED CIRCUIT BOARD
UTILIZING LARGE
METALIZATION PATTERN

Figure 8. Two-Part Heat Sink for the HP HDSP-2000.

a 16, 24, 32 or 40 character HDSP-2000 display mounted
on a maximum metalized printed circuit board. These
display boards are designed for free air operation to 55° C
and operation to 70°C with forced air cooling of 150 fpm
normal to the component side of the board. A free air

operating temperature of 70°C can be achieved by heat

sinking the display. Figure 8 depicts a two part heat sink

which can be assembled using two different extruded
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parts. In this design, the vertical fins promote heat transfer

due to naturally induced convection. Care should be

taken to insure a good thermal path between the two

portions of the heat sink. To optimize power handling

capability, the metal heat transfer contact area between
the PCB metalization and the heat sink should be

maximized. A surface area of approximately 8 square

inches per cluster will permit operation at 1.1 watts/

cluster at the maximum operating temperature of 70"

C

ambient. The value of 1.1 watts/cluster is easily achieved

by reduction of Vcol to 3 volts. Next to increasing total

heat sink area, a provision for at least some forced air flow

is probably the most effective means of improving heat

transfer. Thermal design for the HP HDSP-2000 must be

carefully considered as operation at excess temperatures

can lead to premature failure.

The HP HDSP-2000 displays may also be mounted In

standard DIP sockets which are cut down to accept the 6

pin devices in end-to-end strings. Another alternative for

socket mounting is the stripline socket such as the Augat
325-AG1D or AMP 583773. These sockets will allow

enough space bewteen the PCB and the HP HDSP-2000
to permit a heat sink bar to be inserted to conduct heat to

an external sink. Most sockets add a thermal resistance of

about 2°C/watt bewteen the device leads and the PCB.

FOR DECREASING
AMBIENT
ILLUMINATION

Figure 9. Intensity Modulation Control Using a One Shot

Multivibrator.

DISPLAY INTENSITY MATCHING AND CONTROL

The luminous intensity of LED displays in general has a

fairly wide dynamic range. If there is too great a difference

between the luminous intensity of adjacent characters in

the display string, the display will appear objectionable to

the viewer. To solve the problem, the HP HDSP-2000
displays are categorized for luminous intensity. The
category of each display package is indicated by a letter

preceding the date code on the package. When
assembling display strings, all packages in the string

should have the same intensity category. This will insure

satisfactory intensity matching of the characters. The HP
HDSP-2000 displays are categorized in 8 overlapping

intensity categories. All characters of all packages
designated to be within a given letter category will fall

within an intensity ratio of less than 2:1. For dot matrix

displays, a character-to-character intensity ratio of 2:1 Is

not generally discernable to the human eye.

A more important consideration regarding display

Intensity Is the control of the intensity with respect to the

ambient lighting level. In dim ambients, a very bright

display will produce very rapid viewer fatigue. Conversely,

in bright ambient situations, a dim display will be difficult,

if not impossible, to read and will also produce viewer

fatigue and high error rates. For this reason, control of

display intensity with respect to the environment ambient

Intensity is an important consideration. Figure 9 depicts a

scheme which will automatically control display intensity

as a function of ambient intensity. This circuit utilizes a

resettable one shot multivibrator which is triggered by the

column enable pulse. The duration of the multivibrator

output is controlled by a photoconductor. At the end of a

column enable pulse, the multivibrator is reset to insure

that column current is off prior to the initiation of a new
display shift register loading sequence. The output of this

circuit is used to modulate either the Vb inputs of the HP
HDSP-2000 displays or the column enable input circuitry.

For maximum reduction in display power, both inputs

should be modulated.

In the circuit shown in Figure 9, the photocell may be

replaced by a 50K potentiometer to allow manual control

of display intensity.

Contrast Enhancement

Another important consideration for optimum display

appearance and readablity is the contrast between the

display "ON" elements and the background. High contrast

can be achieved by merely driving the highest possible

power into the display. This, of course, is feasible in some
situations as long as ambient lighting is not too intense

and power dissipation is not a consideration. A much
more practical technique is the use of an effective contrast

enhancement filter material. The following materials,

Panelgraphic Ruby Red 60 and Dark Red 63 or SGL
Homalite H100-1605 and H100-1670 will all provide

improved contrast for the HP HDSP-2000 display. Otherj

good practices to enhance display contrast are to avoid

PCB traces in the visible areas around the display and, if

possible, the utilization of a black silk screen over the

relatively light PCB areas around the display. The subject

of contrast enhancement is treated in greater detail in HP
Application Note 964. Microprocessor interfaces to the

HDSP-2000 display are shown in HP Application Note
1001.

KEY POINTS REGARDING THE HP HDSP-2000:

• A logical "1" in the display shift register turns a

corresponding LED "ON".

• Clocking occurs on the high to low transition of

the clock input.

• A character generator which produces 7 bit

"COLUMN" data should be utilized.

• The internal shift register is 28 bits in length.

• Each column should be refreshed at a minimum
rate of 100 Hz.
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The following is a list of commercially available character generators which can be used in conjunction with the HP HDSP-

2000. These devices are all programmed to convert from ASCII input code to 5 sets of 7 bits each for a 5 x 7 display format.

Any desired input-output coding can be utilized in custom programmed ROMs.

Manufacturer Part Number
Typical

Access Time

Required

Power Supplies

Typical

Power Dissipation

Texas Instruments TMS4100 500 nsec r: 1 2V 450 mW

National 5241 ABL 700 nsec ±12V

Signetics 2513

2516

450 nsec

500 nsec

±5V
-12V

±5V
-12V

290 mW

280 mW

AMI S8773B 450 nsec -5V

-12V

625 mW (max)

Mostek 2002

2302

±14V

+5V
-12V

320 mW
200 mW

Electronic Arrays 40105 750 nsec ±12V 430 mW

Falrchild 3257 500 nsec +5V
-12V

360 mW

Figure 10. Column Output Character Generators Suitable for Use with the HP HDSP-2000.

The refresh memory for the HP HDSP-2000 display can take any one of several different forms. The following table lists a

few of the devices which the display system designer may find convenient.

Type Organization

Bipolar RAM Words x Bits

•7489 16x4
•7481A 16 x 1

•7484A 16 x 1

Fairchild 93403 16x4
Intel 3101 16x4
Intel 3104 4x4

MOS RAM
Tl TMS 4000 JC/NC 16x8

CMOS RAM
RCA CD 4036 4x8
RCA CD 4039 4x8
National 74C89 16x4
Motorola MCM 4064 16x4

Shift Register

Tl TMS 3112 32x6
Signetics 2518 32x6
Signetics 2519 40x6
Fairchild 3348 32x6
Fairchild 3349 32x6

'Standard 7400 Series TTL logic parta available from most Integrated

Circuits manufacturers.

Figure 11. Memory Elements Which can be Utilized in HDSP-2000 Display Systems,
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lm HEWLETT
PACKARD APPLICATION NOTE 10

Digital Data Transmission

With the HP Fiber Optic System

Fiber optics can provide solutions to many data

transmission system design problems. The purpose of this

application note is to aid designers In obtaining optimal

benefits from this relatively new technology. Following a

brief review of the merits, as well as the limitations, of fiber

optics relative to other media, there is a description of the

optical, mechanical, and electrical fundamentals of fiber

optic data transmission system design. How these

fundamentals apply is seen in the detailed description of

the Hewlett-Packard system. The remainder of the note

deals with techniques recommended for operation and
maintenance of the Hewlett-Packard system, with

particular attention given to deriving maximum benefit

from the unique features it provides.

ELECTRICAL WIRE VS. FIBER OPTICS

In fiber optic cables, the signals are transmitted in the form
of energy packets (photons; which have no electrical

charge. Consequently, it is physically impossible for high

electric fields (lightning, high-voltage, etc.; or large

magnetic fields (heavy electrical machinery, trans-

formers, cyclotrons, etc.: to affect the transmission.

Although there can be a slight leakage of flux from an
optical fiber, shielding is easily done with an opaque
jacket, so signal-bearing fibers cannot interfere with each
other or with the most sensitive electric circuits, and the

optically-transmitted information is, therefore, secure
from external detection. In some applications, optical

fibers carry signals large enough to be energetically

useful (e.g., for photocoagulation) and potentially

harmful, but in most data communication applications,

economy dictates the use of flux levels of IOOjjW or less.

Such levels are radiologically safe and in the event of a

broken or damaged cable, the escaping flux Is harmless in

explosive environments where a spark from a broken wire

could be disastrous. Jacketed fiber optic cables can
tolerate more mechanical abuse (crush, impact, flexure)

than electrical cables of comparable size; moreover, fiber

optic cables have an enormous weight and size advantage
— for equivalent information capacity. Properly cabled
optical fibers can tolerate any kind of weather and can,

without ill-effect, be immersed in most fluids, including

polluted air and water.

Bandwidth considerations clearly give the advantage to

fiber optics. In either parallel- or coaxial-wire cable, the

bandwidth varies inversely as the square of the length,

while in fiber optic cable it varies inversely as only the

FIRST power of the length. Here are some typical values

for length, £ , in metres:

(1) f3dB=
12 '000 MHz for HFBR-3001 to 3005 cables

(2i f3aB=
225 -000 MHz for typical 50fl coax (RG-59;

For example, if £ = 100m. the 3dB frequency is only

22.5MHz for the coax cable, but for the fiber optic cable it

is 120MHz.

The limitations of fiber optics arise mainly from the means
for producing the optical flux and from flux losses. While
the power into a wire cable can easily and inexpensively

be made several watts, the flux into a fiber optic cable is

typically much less than a milliwatt. Wire cable may have

several signal "taps"; multiple taps on fiber optic cables

are economically impractical at present.

The losses in a point-to-point fiber optic system are

insertion loss at the input and output, connector loss, and
transmission loss proportional to cable length. Variations^

in these losses require a receiver with a dynamic range
capable of accommodating these variations and yet able

to provide adequate BW (bandwidth; and SNR (signal-

to noise) ratio at the lowest flux level. Fortunately, no
noise is picked up by a fiber optic cable so the receiver

SNR at any BW is limited only by the noise produced
within the receiver.

Fiber optics is not the best solution to every data

transmission problem; but where safety, security, dur-

ability, electrical isolation, noise immunity, size, weight,

and bandwidth are paramount, it has a clear advantage
over wire.

FIBER OPTIC FUNDAMENTALS

Flux coupled into an optical fiber is largely prevented from
escaping through the wall by being re-directed toward the

center of the fiber. The basis for such re-direction is the

index of refraction, m, of the core relative to the index of

refraction, ri2. of the cladding.

Index of refraction is defined as the ratio of the velocity of

light in a given medium to the velocity of light in a vacuum.
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Figure 1. Snell't Law. Figure 2. Total Internal Reflection.

As a ray of light passes from one medium into another of a

different index of refraction, the direction changes

according to Snell's Law:

(3! m sinfli = 02 slnffe SNELL'S LAW

This is illustrated in Figure 1. Notice that the relationship

between the angles is the same, whether the ray is incident

from the high-index side (m: or low-index side i H2 J . For

rays incident from the high-index side, there is a particular

incidence angle for which the exit angle Is ninety degrees.

This is called the critical angle. At incidence angles less

than the critical angle, there is only a partial reflection, but

for angles greater than the critical angle, the ray is totally

reflected. This phenomenon is called TOTAL INTERNAL
^REFLECTION (TIRj.

Numerical Aperture.

Rays within the core of an optical fiber may be incident at

various angles, but TIR applies only to those rays which

are incident at angles greater than the critical angle. TIR

prevents these rays from leaving the core until they reach

the far end of the fiber. Figure 2 shows how the reflection

angle at the core/cladding interface is related to the angle

at which a ray enters the face of the fiber. The acceptance

angle, 6a, is the maximum angle, with respect to the fiber

axis, at which an entering ray will experience TIR. With

respect to the index of refraction, no, of the external

medium, the acceptance angle is related to the indices of

refraction of the core and cladding. When the external

medium is air (no * 1 ), the sine of the acceptance angle is

called the NUMERICAL APERTURE (N.A.I of the fiber:

(4) NUMERICAL APERTURE, N.A. = sinflA

The derivation in Figure 2 applies only to meridional rays,

i.e., rays passing through the axis of the fiber; skew rays

(non-meridional) can also be transmitted, and these

account for the observation that the reception and

radiation patterns of optical fibers are not perfect step

functions at the acceptance angle. For this reason, the

practical definition of N.A. is somewhat arbitrary.

Modes of Propagation

Within the limits imposed by the N.A
,
rays may propagate

at various angles. Those propagating at small angles with

respect to the fiber axis are called LOW-ORDER MODES,
and those propagating at larger angles are called HIGH-
ORDER MODES. These modes do not exist as a

continuum. At any given wavelength, there are a number
of discrete angles where propagation occurs. SINGLE-
MODE fibers result when the core area and the N.A. are so

small that only one mode can propagate.

In addition to high- and low-order modes, thereare others,

called LEAKY MODES, which are trapped as skew rays—
partly In the core, but mostly in the cladding where they

are called CLADDING MODES. As implied by the term,

leaky modes do not propagate as well as the more nearly

meridional modes; their persistence, depending mainly on

the structure of the optical fiber, ranges from less than a

metre to more than fifty metres. The presence of leaky

modes will, of course, affect the results obtained in

measurement of N.A. and transmission loss, making them
both artificially high. For this reason, N.A. is usually

specified in terms of the EXIT N.A. for a fiber of length

adequate to assure that leaky modes have effectively

disappeared.

Since most leaky mode propagation is in the cladding, it

can be "stripped." Such cladding mode stripping is done
by surrounding the unjacketed fiber with a material having

a refractive index higher than that of the cladding. EXIT

N.A. is defined as the sine of the angle at which the

radiation pattern (relative intensity vs. off-axis angle! has

a particular value. This value is usually taken at 10% of the

axial (maximum) value.
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Transmission Loss

Regularcore (non-leaky) modes alsoexhibit transmission

losses. These are due to (1) scattering by foreign matter,

(2) molecular (material) absorption, (3! irregularities at

the core/cladding interface, and (4) microbending of the

optical fiber by the cable structure. The first two loss

mechanisms depend on the length of path taken by a ray;

the third depends on the number of reflections of the ray

before it emerges. It is clear from Figure 2 that the higher

order modes have longer paths and more reflections with

consequently higher loss. Larger N.A. fibers permit

higher-order-mode propagation and, therefore, exhibit

generally a higher transmission loss. Transmission loss is

exponential and is, therefore, usually expressed in "dB per

km." Coupling loss consideration usually favors larger

N.A.

The three main loss mechanisms for coupling between
fibers or between fibers and the optical ports of other

devices are: (1) relative N.A.'s, (2; relative area of the

optical ports, and (3) Fresnel (reflection) loss. In addition

to these, there may be coupling loss due to misalignment
and/or separation of optical ports. Relative N.A. loss can
be ignored ("zero dB) whenever the N.A. of the receiving

port (fiber or detector) is larger than the N.A. of the source
port (flux generator or fiber), otherwise:

(5) N.A. LOSS (dB) = 20 log
N.A. of Source Port

N.A. of Receiver Port

Relative area loss can be ignored whenever the area of the

receiver port is larger than the area of the source port,

otherwise:

Diameter of Source
(6: AREA LOSS (dB) = 20 log - ; r5

i

—

B Diameter of Receiver

In applying equation (6) to coupling between single fibers,

the diameter to be used is the CORE DIAMETER. If the

receiver port is a FIBER OPTIC BUNDLE, the "packing
fraction" loss must be added to the area loss, even when
the area of the bundle is larger than the area of the source
port.

(7) PACKING FRACTION LOSS(dB: = 10 log
Active Area

Total Area

"Active area" is the sum of areas of the cores of individual

fibers, and "total" area is that of the bundle.

Fresnel loss occurs when a ray passes from one medium
to another having a different index of refraction. Part of the
flux is reflected; the fraction transmitted is described by

2 +
rT

+£
the transmittance, t, so the loss is:

(8) FRESNEL LOSS(dB)=10 log —= 10 log

nx = index of refraction of medium x

n y = index of refraction of medium y

It is clear from equation (8) that the loss is the same in

either direction. If two fibers are joined with an air gap
between their faces, taking n« = 1 for air and ny = 1 .49 for

the cores of the fibers, the fiber-to-air Fresnel loss is

0.17dB. The air-to-fiber loss is the same, so the total airgap
loss is 0.34dB. If several such connections are made, the

loss could be high enough to make it worthwhile to use a

coupling medium, such as silicone, to remove the air gap.

Often, however, connector loss comes mainly from a gap

deliberately inserted to prevent scratch damage to the

fiber face and to reduce the variability of misalignment

loss; i.e., it is sometimes more important to make the

connector loss be consistent rather than low.

The use of a coupling medium is more significant when a

fiber is coupled to an LED or IRED source. These sources

are usually of gallium arsenide, or related substances. i

with a refractive index of 3.6. With such a high index of"

refraction, the use of an epoxy cement can reduce

coupling loss by approximately 1dB. Figure 3 shows how
the flux coupling is derived. If the size of the LED is much
less than that of the fiber, a more effective technique is the

use of a tiny lens over the LED. If the size of the fiber Is

smaller, the lens should be on the fiber, rather than the

LED.

Rise Time Dispersion

Bandwidth limitation in fiber optics is the result of a
phenomenon called DISPERSION, which is a composite
of MATERIAL dispersion and MODAL dispersion. Both of

these relate to the velocity of flux transmission in the core.

Velocity varies inversely as the index of refraction, and if

the index of refraction varies over the wavelength

spectrum of the source, the flux having a wavelength at

which the refractive Index is lower will travel faster than

the flux having a wavelength at which the index is higher.

Thus, all portions of the spectrum of flux launched
simultaneously will not arrive simultaneously, but will

suffer time dispersion due to differences in travel time.

This is MATERIAL DISPERSION. It is reduced by using

sources of narrow spectrum (e.g., lasers) or fibers with a

core index of refraction which is constant over the source

spectrum.

In Figure 2, notice that rays moving parallel to the axis

travel a path length which is shorter than that of rays which
are not paraxial. Those rays propagating in the
higher-order modes will, therefore, have a longer travel

time than those in lower-order modes, and simultaneously

launched rays will suffer dispersion of their arrival times.

This is MODAL DISPERSION. It can be reduced only by
reducing the N.A. (smaller acceptance angle! to allow

only lower-order modes to propagate.

^LAMBERTIAN EMITTING PLANE WITHIN LEO. STERANCE L,

^SURFACE OF LEO
.AIR. OR OTHER MATERIAL

FIBER CORE AREA, AF

FLUX COUPLED, o = -rL
t
A, i.->J:

t

LED-TO-CORE
TRANSMITTANCE r

t4*3)('-sk)""
(F RESKEL)

LOSS /

10 log 12 - 1.03 dB
WITH AIR. n -l.Q. r, -0.86

WITH EPOXY. n * 1.5. rj - 0,83 ' '

EPOXY DOES NOT AFFECT ACCEPTANCE ANGLE BUT OOES REDUCE
FRESNEL LOSS

Figure 3. Acceptance Angle and Fresnel Lou Effects.
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Figure 4. Rite Time Dispersion.

Whether the dispersion is material or modal (or both), it Is

measured, as shown in Figure 4, by applying positive and
negative steps of flux and measuring the rise and fall times

at the input and output of a fiber long enough to exhibit

significant dispersion. Time dispersion is then defined as

(9) RISE TIME DISPERSION

-£*- (ns/km) =J- l(t, + t()0UT - (tr + tf)IN ]

where C is the length (in kilometres; of the fiber and tr.

tt are the 10% to 90% rise and fall times.

Flux steps, rather than pulses, are used to avoid incorrect

results that source or detector rise and fall times might

introduce. Both polarities of step are recommended in

order to compensate for non-linearity in either the source

or the detector used.

Modulation frequency response of a fiber has a 6dB per

octave roll-off, so the effect of rise time dispersion can

also be described in terms of a length-bandwidth product:

(10! 3dB BANDWIDTH CONSTANT = if-5= 0.35 37

Comtruction of Fiber Optic*

Fibers having a sharp boundary between core and

cladding, as in Figure 2, are called STEP INDEX fibers.

The reflection at the boundary is not a "zero-distance"

phenomenon — the ray, in being reflected, is actually

entering a minute distance into the cladding and there is

some loss. This loss can be seen as a faint glow along the

length of unjacketed lossy fibers carrying visible flux. To
reduce such reflection loss, it is possible to make the rays

turn less sharply by reducing the index of refraction

gradually, rather than sharply, from core to cladding. A
fiber of such a form is called a GRADED INDEX fiber and

the rays propagate as shown in Figure 5. Graded index

fiber has not only a very low transmission loss, but modal

dispersion is also very low. Higher-order modes do travel

longer paths, but in the off-axis, lower-index regions they

travel faster so the travel time differential between

high-order and low-order modes is not as large as it is in

step index fibers.

Graded index fiber has higher coupling loss and may be

more costly than step index fiber. It is, therefore, used

mainly in applications requiring transmission over many
kilometres at modulation bandwidths over 50MHz. For

shorter distances and/or lower bandwidths, a variety of

step index fibers are available at a variety of costs.

Figure 8 shows the construction of a Hewlett-Packard

fiber optic cable. Over the fused-sillca, step-index, glass-

clad fiber there is a silicone coating to protect the thin

BLACK
POLYURETHANE x

OUTER JACKET

SILICONE COATING

» CLADDING (SILICAI

CORE ISILICAI
OPTICAL FIBER

Figure 6. Step Index Fiber Optic Cable Construction.

LONGER PATHS OF HIGHER ORDER MODES PARTLY
COMPENSATED BY HIGHER VELOCITY IN OFF-AXIS REGION

HIGH ORDER MODE LOW ORDER MODE

Figure 5. Graded Index Fiber Modes.
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i20jim} cladding from scuffing. Over the buffer jacket
are the tensile strength members, which allow the cable to

be pulled through long conduits, and an outer jacket to

protect the cable against crush and impact damage. This

cable tolerates far more abuse than most wire cable. A
sample was laid across the main entrance to the Hewlett-
Packard headquarters and factory at 1501 Page Mill Road,
Palo Alto. After several weeks of being driven over, night
and day, there was no impairment of performance.

Other materials used in step index fibers are glass-clad

glass, plastic-clad glass or fused silica, and plastic-clad

plastic. These have N.A.'s ranging from less than 0.2 to

more than 0.5. and transmission losses from less than
10dB/km to more than 1000dB/km. Some manufacturers
offer bundled fibers in which the individual glass fibers are
small enough to allow the cable to be very flexible. In

earlier days of fiber optic development, bundled fibers

were considered necessary for reliability because
breakage of one or more fibers could be tolerated without
total loss of signal transmission. Also, the large diameter
of the fiber bundle allowed more tolerance in connector
alignment. The popularity of fiber bundles has dwindled
because the single-fiber cable durability is better than had
been anticipated, and connectors are now available which
are capable of providing the precise alignment required
for low coupling loss with small-diameter single fibers.

Flux Budgeting

Flux requirements for fiber optic systems are established
by the characteristics of the receiver noise and bandwidth,
coupling losses at connectors, and transmission loss in

the cable.

The flux level at the receiver must be high enough that the
signal-to-noise ratio (SNR) allows an adequately low
probability of error, Pe . I n the Hewlett-Packard fiber optic

system, the receiver bandwidth and noise properties allow
a Pe < 1

0"9 with a receiver input flux of 0.8/jW under worst-
case conditions. At higher flux levels, the Pe is reduced.

From the receiver flux requirement [for given Pe >, the flux

which the transmitter must produce is determined from
the expression for a point-to-point system:

(111 10 log ( — )
= « »CR + n«CC + "H

where <4 T is the flux (in^W: available from the transmitter

*B istheflux(infiW; required by the Receiver at Pe

oo is the liber attenuation constant fdB/kmi
Q is the fiber length {km}

aTC is the Transmitter-to-Fiber coupling loss (dB)
acc is the Fiber-to-Fiber loss (dB] for in-line

connectors

n is the number of in-line connectors; n does not
Include connectors at the transmitter and
receiver optical ports

aCR is the Fiber-to-Receiver coupling loss (dB!
aM is the Margin 'dB > , chosen by the designer, by
which the Transmitter flux exceeds the system
requirement

Equation < 1 1 ) is called the FLUX BUDGET and It Is

represented graphically in Figure 7. The same basic units

i watts) are used for flux and for power, so it is correct and
convenient to express flux in "dBm".

>
FLUX

AVAILABLE

1,

J I
t
FLUX

REQUIRED

- oTC - INSERTION LOSS. TRANSMITTER

I

- INSERTION LOSS. RECEIVER

- °CC - IN-LINE CONNECTOR LOSS

OH' - TRANSMISSION LOSS

i 10 15 20 25 30 36 40 45 50

I - FIBER OPTIC LENOTH - METRES

Figure 7. Flux Budget — Graphical Representation.

Here is an example of how the flux budget works:

Transmitter 0^44^^ 10 ,og (
. 14.39dB

2. Receiver oiR = 1.6^W

Transmitter optical port: diameter = 200/jm, N.A. = 0.5

Optical fiber (in connector!: core diam. = lOOtim, N.A. =
0.3

3. *TC = aA + aNA = 20 log
ggj + 20 log(M

= 6.02dB + 4.44dB = 10.46dB

Receiver optical port: diameter = 20(Vm. N.A. = 0.5

4. Because the diameter and N.A. of the receiver are both
larger than those of the fiber, there is only a small

amount of Fresnel loss, making ocr - 0.34dB

5. Apply equation (t1) to see what the flux budget allows:

14.39dB = a e+ 10.46dB + nacc + 0.34dB + aM
<* x" + n«cc + aM = (14.39 - 10.46 - 0.34)dB = 3.59dB

6. Assume a transmission distance of 35 metres at

20dB/km
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If cable length selections are 10-, 25-, and 50-metre
lengths and connector loss is ace = 2dB, then either of two
options may be chosen:

7. a) Use a 10m and 25m length with one connector:

o 2+ acc = (35m x 0.02dB/m) + 2dB = 2.7dB
This leaves aM = (3.59 - 2.7 )dB = 0.89dB

7. b) Use a 50m length and no connector:

a 8= (50m x0.02dB/m) = 1.0dB leaving oM= 2.59dB

Unless there is some good reason (cost, convenience,

etc.) lor choosing the 10m/25m option, it would be better

to select the 50-metre option because it allows a larger a m
In flux budgeting, oM should always be large enough to

allow for degradation of the efficiency of the flux

generator in the transmitter (LED, IRED, laser, etc.). On
the other hand, in dealing with more powerful trans-

mitters, aM must not be so large that it exceeds the

dynamic range of the receiver.

Dynamic Range

The dynamic range of the receiver must be large enough
to accommodate all the variables a system may present.

For example, if the system flexibility requirement is for

transmission distances ranging from 10 metres to 1000

metres with 12.5d8/km cable, and up to two in-line

connectors, the dynamic range requirement is:

o R= 1km x 12.5dB/km = 12.5dB
nocc = 2 x 2dB = 4.0dB

oM = 3.0dB
thermal variations I.OdB (estimated)

20.5dB

Accommodating a 20dB optical power dynamic range

plus high sensitivity requires the receiver to have two
important features: automatic level control, and a-c

coupling or its equivalent. The a-c coupling keeps the

output of the amplifier at a fixed quiescent level, relative to

the logic thresholds, so that signal excursions as small as

the specified minimum can cause the amplifier output to

exceed the logic threshold. This function can also be

called d-c restoration.

ALC (automatic level control) adjusts the gain of the

amplifier. Low-amplitude excursions are amplified at full

gain: high-amplitude excursions are amplified at a gain

which is automatically reduced enough to prevent

saturation of the output amplifier. Saturation affects

propagation delay adversely so ALC is needed to allow

high speed performance at high, as well as low, signal

levels.

HEWLETT-PACKARD'S FIBER OPTIC SYSTEM
A number of objectives were established as targets for this

development. Convenience and simplicity of installation

and operation were the primary objectives, along with a

probability of error Pe < 10"9 at 10Mb/s NRZ, over

moderate distances. I n addition, there were the traditional

Hewlett-Packard objectives of rugged construction and
reliable performance. Manufacturing costs had to be low

enough to make the system attractively priced relative to

its performance.

Electrical convenience is provided by several system

features. The Receiver and the Transmitter require only a

single +5-volt supply. All inputs and outputs function at

TTL logic levels. No receiver adjustments are ever

necessary because the dynamic range of the Receiver is

21dB or more, accommodating fiber length variations as

well as age and thermal affects. When the system is

operated in its internally coded mode, it has NRZ
(arbitrarily timed data) capability and is no more
complicated to operate than a non-inverting logic

element. Built-in performance indicators are available in

the Receiver; the Link Monitor indicates satisfactory

signal conditions and the Test Point allows simple

periodic maintenance checks on the system's flux margin.

There are also several optical and mechanical conven-

ience features. The optical ports of the Transmitter and
Receiver are well defined by optical fiber stubs built into

receptacles that mate with self-aligning connectors.

Low-profile packaging and low power dissipation permit

the modules to be mounted without heat-sink provision on
P.C. boards spaced as close as 12.5mm (0.5 in.).

The internally-coded mode of operation is the simplest

way to use the Hewlett-Packard system. This mode places

no restriction on the data format as long as either positive

or negative pulse duration is not less than the minimum
specified. The simplicity is achieved by use of a 3-level

coding scheme called a PULSE BI-POLAR (PBPi code.

This mode is selected simply by applying a logic low (or

grounding) to the Mode Select terminal on the Transmitter
— no conditioning signal or adjustment is necessary in the

Hewlett-Packard Receiver because it automatically

responds to the PBP code.

Transmitter Description

Figure 8 shows symbolically the logical arrangement of

the Transmitter, waveforms for the signal currents I a and
Ib. and the resulting waveforms for the output flux. The
arrangement shown is logically correct but circuit details

are not actually realized as shown. For example, the

current sources actually have partial compensation for the

negative temperature coefficient of the LED (or IRED). In

Figure 8, there are five important things to notice.

First, notice that the bias current, lc. Is never turned off —
not even when the Transmitter is operated in the

externally coded mode (Mode Select "high"). This is done
to enhance the switching speed of the LED (or IRED; in

either Internally- or externally-coded mode. The bias

current also stabilizes the flux excursion ratio (k in

Equation 14) symmetry In the internally-coded mode.

Second, notice that

<*L . the low-level flux, is produced by lc

*M , the mid-level flux, requires Ib + lc

tfH ,
the high-level flux, requires Ia + Ib + lc

As far as the Receiver is concerned, the excursion flux, A#,

produced by switching Ia and Ib, is the important

parameter of the Transmitter. Average flux is, of course,

related to excursion flux but is not as important in

establishing the SNR of the system.

Third, notice that with Mode Select "low" and a 500kHz
signal at Data Input, there will be only one refresh pulse

generated i n each logic state. The excursions (*H"*M I
and

(#M-<f>L ! are nearly balanced so an average-reading flux

meter will indicate the mid-level flux, <*M , within +0.6% or

-0.6% depending on whether the flux excursion ratio, k, is

at Its maximum or at its minimum limit.
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Figure 8. Transmitter Block Diagram and Waveforms.

Fourth, notice that, with Mode Select "low", any Data
Input transition (either H-L or L-H) retriggers the Refresh
Multivibrator to start a new train of pulses. All refresh

pulses for either logic state have the same duration. This
keeps the average flux very near the mid-level even when
the duration in either logic state of arbitrarily timed Input
data is very short. Notice also that any refresh pulse is

overridden (abbreviated! by the occurrence of a Data
Input transition so there is no additional jitter when the
duration of the Data Input in either state is at or near the
same length of time as the refresh interval. The refresh
interval is very long, relative to the refresh pulse duration,
making a duty factor of approximately 2%; this also is done
to keep the average flux near mid-level regardless of how
long Data Input remains in either logic state. The only
condition under which the average flux can deviate
significantly from the mid-level occurs when Data Input
remains in one state for a period of time LESS than the
duration of the refresh pulse. If this is likely to occur, the
format should be configured so the numbers of 1 's and O's

are balanced as they would be in Manchester code.
Observing this data format allows the use of the internally-

coded mode of the Hewlett-Packard system at data rates

ranging from arbitrarily low to higher than 10M Baud, with
the absolute limit being that at which the signal intervals

become as short as tpm. and/or tpi_H.

Fifth, notice that with Mode Select "high/
1

the Q output of
the Refresh Multivibrator is "high" (andQ Is "low"!. Under
this condition, Ia and Ib are both ON when Data Input is

"high" and both OFF when it is "low". This makes the
output flux excursion a logical replica of the Data Input.

Flux Measurement

A high-speed photodetector and oscilloscope could be
used for measuring the excursion flux, but an average-
reading flux meter can be used to measure J* as follows:

With Mode Select "high":

1

.

Apply steady-state "low" to Data Input and observe <4 L
with flux meter.

2. Apply a 500kHz square wave [50% duty factor: to Data
Input and observe (A0 + *L : with the flux meter and
subtract 4>L iStep 1 ; to obtain aa. >

This procedure also yields the proper value of the high-
level flux, <tH , to be used in computing the flux excursion
ratio, k. Since a>H = (<*L + 2A<t>\ the value of «H is:

(13) HIGH-LEVEL FLUX. <j>H = 2(A<* * <pL ) — !* )

Step 2 Step 1

It appears, from the waveforms in Figure8, that the 500kHz
signal prescribed in Step 2 is not necessary; that is, with
Data Input at a steady-state high, the flux meter would
read ijH directly, from which &d> could be calculated by
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subtracting *L (observed in Step 1! and dividing by two.

However, this method would cause slightly more heating

of the LED and lead to a slightly different (and incorrect!

measurement of <£H and A<*. With the values of <*H and <£ L

from Step 1 and 2, the flux excursion ratio can now be
computed:

(14) FLUX EXCURSION RATIO, k = -^—7^-

In a 2-Level Code, there is, of course, no mid-level;

however, the definition of flux excursion ratio is the same
as for Pulse Bi-Polar code, i.e., Equation (14). It is only
necessary to substitute average flux for mid-level flux, <4m,

in Equation (14). For 2-Level Code, the average flux is:

(15) AVERAGE FLUX = -

(2-Level Code)
StH T xiL

where itH is the total time the flux Is at level <4H
stL is the total time the flux is at level <£pl

Substitution of this expression for *M In Equation (14)

leads to:

(16) FLUX EXCURSION RATIO = k = =-j-

Equation (16! shows why it is that when a 2-Level Code is

used (e.g., with Mode-Select "high" in the Hewlett-

Packard Transmitter) the data input signal must, on

average, have a 50% duty factor to make k = 1. That is, in

the averaging interval, the total number of "mark" intervals

should be equal to the total number of "space" Intervals,

such as in Manchester code.

Use of 2-Level Code also requires that the input flux

remain for less than 5jjs at either high or low level. This is

necessary to avoid "pulling" the receiver dc restorer

voltage too far away from the value corresponding to the

average flux, and possibly losing occasional bits.

Receiver Description

The Hewlett-Packard Receiver block diagram is shown in

Figure 9. There are four functional blocks:

1

.

The amplifier, including a gain-control stage and split-

phase outputs with a voltage divider for each.

2. The dc-restorer with a long time constant.

3. Logic comparators with an R-S latch.

4. Positive and negative peak comparator with single-

ended output for the ALC and link monitor circuits.

Optical flux at the input is converted by the PIN

photodiode to a photocurrent, Ip, which is converted to a
voltage by the PREAMPLIFIER. This voltage is amplified

to a positive-going output, Vpi, and a negative-going

output, Vni. A rising input flux will cause Vpi to rise and

Vni to fall. These voltages are applied to the differential

inputs of the DC RESTORER AMPLIFIER whose output,

Vt, falls until it is low enough to draw the average

photocurrent away from the preamplifier via the 25k

resistor. This makes Vpi - Vni when the input flux is at the

average level. The output impedance of the dc restorer

amplifier is very high, making a long time constant with the

filter capacitor, Cr. The long time constant is required for

loop stability when input flux levels are so low that there is

little or no ALC gain reduction, with consequently high

loop gain. With no Input flux, Vt = Vtmax; as input flux

rises. Vt falls proportionately, so the voltage at the TEST
POINT can be used as an indicator of the average input

I BIAS VOLTAGE

» PREAMP
OPTICAL ST" ^S-A-

INPUT ^_ ^p*

OLTAOE GA |N

? PREAMP OONJ-Ol

Wv—

1

DIFFERENTIAL
AMPLIFIER
.5TAGE

TEST,
POINT *

RESTORER
FILTER

DC RESTORER^
AMP

<£

3-

~l

LOGIC HIGH
OMPARATOR

POS. PEAK
COMPARATOR

LINK MONITOR
COMPARATOR

ALC
FILTER V„ EF C > .LINK MONITOR

JOUTPUT

Figure 9. Receiver Block Diagram.
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flux. With respect to the Receiver optical port, the

responsivity of the PIN photodiode is approximately
0.4A/W, leading to the expression:

(17:.AVERAGE INPUT FLUX.^W)- IffgglMjmVj

where Vtmax = Test Point Voltage with no optical input

signal.

The Instrument for observing Vt must not load the Test

Point significantly, so an Input resistance of 10Mn is

recommended.

As described above, when the input flux is at the average
level, the positive-going and negative-going output

voltages Vpi and Vni are approximately equal. Notice that

this makes the outputs of both logic comparators low. A
positive flux excursion, rising faster than the dc restorer

(with its long time constant) can follow, will cause Vpi to

rise and Vni to fall. If the positive flux excursion is high

enough, the LOGIC.HIGH COMPARATOR input voltage

(Vp2 - Vni
!
becomes positive, and a SET pulse is produced

for the R-S flip-flop. (Similarly, a negative flux excursion
of such amplitude would make (Vn2 - Vpi) become
positive and a RESET pulse would be produced.] A larger

amplitude of positive flux excursion would make the

POSITIVE PEAK DETECTOR input voltage (Vp3 - Vni)
change from negative to positive and cause current to flow

into the ALC FILTER capacitor. When the voltage Va
starts to rise above Vref, the ALC AMPLIFIER output will

operate on the GAIN CONTROL AMPLIFIER to limit the
Receiver's forward gain. Notice that the ALC action is the

same for a negative flux excursion, so that the Receiver's

gain limitation is determined EITHER by positive flux

excursion OR by negative flux excursion — whichever is

the larger. For this reason, the positive and negative
excursions must be nearly balanced with respect to the
average flux. The allowable imbalance is determined by
the values of the resistors in the negative and positive

voltage dividers. The ALC action limits the maximum
excursion to a voltage lo (Ri + R2), whereas the logic

threshold is only lo Ri. Actual limits are established by the

tolerances on the resistors and current sources. Notice
that the ALC voltage, Va, activates both the ALC
COMPARATOR and the LINK MONITOR COMPARA-
TOR. Therefore, a "high" LINK MONITOR signifies two
conditions:

1. The input flux excursions are high enough to cause
ALC action (gain limitation).

2. The excursions are more than adequate for operation

of the logic comparator.

Notice that the LINK MONITOR could be "high." but k

could be outside the specified limits such that Pe exceeds
10"9

. Conversely, because of safety margin in the Receiver
design, it is also possible to have Pe < 10"9 when the flux

excursions are too small to make the LINK MONITOR
"high".

OPERATION OF THE HEWLETT-PACKARD
SYSTEM

With Hewlett-Packard Components Exclusively

The main concern in a fiber optic link is the flux budget.
Other areas of concern are: data rate, data format, and the
interface with other elements ot a data transmission
system.

Flux budgeting, using the Hewlett-Packard Transmitter,

Receiver, Connector, and Cable components is very

straightforward for most applications. It is necessary only

to use the data sheet information correctly in making the

coupling loss and transmission loss allowances.

When used with other Hewlett-Packard components, the

characteristics of the Receivers are not critical. Theiri

optical ports have a diameter and N.A. which are both'
greater than the size and N.A. of the Hewlett-Packard
Cable. The Receivers also have a high responsivity and the

spectral response is nearly constant over the spectrums
radiated by Hewlett-Packard Transmitters.

With Components From Other Manufacturer*

When using the Hewlett-Packard Receivers with other

cables, it may be necessary to account for N.A. loss and/or
area mismatch loss. When other sources are used, it may
be necessary to compute an effective flux ratio:

(18! EFFECTIVE FLUX RATIO, EFRS = -

(Source Spectrum; J*Adx

where R r\ is the relative response of the Receiver (from

data sheet)

<SA is the spectral flux function of the source

If the transmission loss of the cable varies sharply over the

wavelength range of the source spectrum, then the

spectral transmittance of the cable should be included in

the computation of EFR. The spectral transmittance varies

with cable length, so the integration must be performed
using the cable length required in a particular installation:

/^^Rrxdx
(19) EFFECTIVE FLUX RATIO, EFRcs =—

f
(Cable and Source) J rA"*Adx

where r^ is the spectral transmittance of a particular

length of fiber optic cable, computed as:

(20) r, =10
"(^K

where a \ is the spectral function in ;dB/km) of the fiber

optic cable and C is the particular cable length (km)

Notice that as the length is reduced, rA becomes morej
nearly a constant and may be factored out of both
numerator and denominator of Equation (19). When EFR
is significantly less than unity, it enters the flux budget
expression, Equation (11).

(21 ) 1 logU 7
- ) = oTC + OCR + nacc + a 6 + aMVPR ' -10 log (EFR 1

See Equations 11, 18, and 19 for definition of terms.

The optical ports of Hewlett-Packard Transmitters are
designed for mating with Hewlett-Packard Cable/
Connector assemblies, but their characteristics require a
little more attention than do the Receiver optical ports.

The Transmitter and Cable/Connector data sheets should
be consulted for the correct values of size and N.A., or for

the directly-given value of transmitter-to-fiber coupling
loss, arc- to use in flux budgeting. In applications having
very short transmission distances, but requiring a number
of in-line (cable-to-cable; connections, it is likely to be
advantageous to use fiber optics of larger core diameter



and N.A., such as some of the plastic types. The larger

core diameter reduces the likelihood of losses in

connectors due to misalignment. Depending on the size

and N.A. of the Transmitter optical port, a larger core

diameter and N.A. in the fiber optic cable may also reduce

a-rc. but if the cable core diameter is too large, the cable-

i
to-receiver loss, qcr. may be excessive.

Data Rale and Format

The other areas of concern (data rate, data format, and

interface) are interactive, depending on system require-

ments. In any single transmitter-to-receiver link, the flux

budget along with probability of error Pe, establish the

signaling rate, in baud units, while the data rate, in bits per

second, depends also on the data format, or transmission

code. NRZ (Non-Return-to-Zero) Is the term for a

transmission code in which the signal does not

periodically return to zero. If a stream of NRZ data

contains a series of consecutive "1 's", the signal remains

at the "1
" level; similarly, the signal remains at the "0" level

for consecutive "0's". With RZ (Return-to-Zerol codes, the

level periodically changes from high level to low level or

back, never remaining at either level for a period of time

longer than one bit interval. Some examples of codes are

given in Figure 10. Notice that NRZ code uses the channel

capacity most efficiently since it requires only one code
interval per bit interval. The RZ codes illustrated use two

code intervals per bit interval while other codes may
require an even higher channel capacity for a given data

rate. NRZ code requires a clock signal at the receiving end
to define, for each interval, the point in time at which the

data is valid. The time at which the data is clocked must be

sufficiently clear of the interval edges to avoid phase-shift

errors due to jitter, rise time, or propagation delay. Since

the clock signal is separately transmitted, phase shift in

the clock channel can contribute to the phase-shift error

unless it is equal, in direction and magnitude, to the

phase shift in the data channel. For this reason, fiberoptic
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CODE DESCRIPTION CHANNEL
REOUIRED

REQUIRES
DC?

REQUIRES
CLOCK?

A NON-RETURN TO
ZERO (NRZ)

High during entire "mark", low
during entire "space" interval

1 Mbaud per Mb/i YES YES

13 RETURN TO ZERO
(RZ)

Low during entire "space".

momentanlY n>9n during "mark"
interval

2 Mbaud per Mb/s NO YES

c MANCHESTER
(SELF-CLOCKING RZ)

Positive transition for "spece".
2 Mbaud per Mb/s NO NO

D BIPHASE MARK
(MANCHESTER II)

Each bit period be^m mth a

transition. "Space" has NO
transition during bit period -

"mark" has one transition during
bit period

2 Mbaud per Mb/s NO NO

E BIPHASE SPACE Same as Biphase Mark except
"mark" and "space" reversed

2 Mbaud pet Mb/s NO NO

NOTE THAT C. 0. E HAVE 60% DUTY FACTOR Ik - 1.00)

Figure 10. Examples of NRZ end RZ Code Patterns.
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channels carrying clock signals should use the same type

of cable and the same length, unless the transmission

distance is very short. Note that the transmission time

delay in an optical fiber depends on the core index of

refraction:

(22)TRANSMISSION DELAY, I (j
= I—\ in

where c is the velocity of light in a vacuum. c = 3x108m/s
8 is the fiber optic cable length im

n is the core index of refraction

and differential delay between a data channel and a clock

channel is:

(23) DIFFERENTIAL DELAY, t =|—
j
[Hzm -Smi]

Some RZ codes are self-clocking — i.e.. a separate

channel to transmit the clock signal is not required, so

there is no problem with differential delay. For this reason.

RZ codes may be preferred even though the data rate is

less than that of NRZ. Note that in its internally coded
mode, the Hewlett-Packard fiber optic system transmits

either NRZ or RZ codes of arbitrary format and duty factor.

In the externally coded mode, the system requires the

code to be RZ; moreover, the duty factor of the code must
be 50% and the signal must remain LESS than 5/jS In either

high state or low state.

The Hewlett-Packard system is capable of a 10 Mbaud
signaling rate. If a higher data rate is required, the data

stream can be divided among additional channels. If each
channel is RZ coded, such as with Manchester code, the

capacity of each channel is 5Mb/s and if the total data rate

requirement is 20Mb/s, four channels are required. Using
NRZ, the 20Mb/s data can be transmitted on two channels,

with a third channel for the clock signal. Thus, if the data

rate requirement exceeds 15Mb/s, the NRZ format

requires fewer fiber optic channels.

System Configuration

The simplex arrangement in Figure 1 1 allows data in one
direction only, and the format should, therefore, include

error checks, such as parity bits. The full duplex

arrangement requires two Transmitter/Receiver (T/R)

pairs and two cables but allows data to go in both

directions simultaneously. If. at a given time, Station 1 is

transmitting, the return transmission from Station 2 can be

unrelated to the information from Station 1 , but could also

be a relay or re-transmission of the data received by
Station 2, so a logic delay and comparator circuit in

Station 1 can check for errors and allow corrections. The
same is true for the full triplex arrangement. Extension to

larger numbers of stations is possible and the benefits are

the same, but the number of T/R pairs increase rapidly, as

shown by the series In Figure 11, requiring n !n-1) T/R
pairs for n stations.

Half-duplex ;not illustrated! is a means for allowing two

stations to alternately use the same transmission medium.
With a wire cable, half-duplex operation is commonly and
easily done; it can also be done with fiber optic cable but

the fiber-furcating couplers for accomplishing it are very

lossy, are not commonly available, and will not be

discussed.

Data interchange among a large number of stations can be

accomplished with fewer T/R pairs by using the Master

Station Multiplex (MSM! arrangement in Figure 12. The
MSM arrangement requires only 2(n-1) T/R pairs for n

stations (master + in-1) slaves). Its operation differs from

the full n-plex arrangement of Figure 11 in that only the

master station transmits directly to all other stations Data
from any slave station is transmitted to master and re-

transmitted to all slave stations according to the "re-

transmit enable" (Ei...Ex! selection made in the master

station. Thus, a complete error check is possible.

Regardless of how many slave stations are added, the

transmission delay from any slave to any other slave is just

the delay of two fiber optic links plus the propagation

I R

R |

NO. OF NO. OF
STATIONS T/R PAIRS

2 2

1 R T R

FULL DUPLEX
FULL TRIPLEX

Figure 11. Simplex, Full-Duplex, Full Triplex, Full-n-plex Fiber Opllc Links.
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MASTER TBANSMIT ENABLE E u

MASTER DATA IN Dm

C, . . . E, SLAVE
RE - TRANSMIT

ENABLE

D, . . . Dx DATA OUT
(FROM SLAVES)

MASTER STATION

FOR n STATIONS, NO. OF T/R PAIRS - 2ln-1

Figure 12. Master Station Multiplex Arrangement (or Fiber Optic Links.

delay in the master station's relay circuit. The time delay

between re-transmission from the master and the

error-check return transmissions from the slaves is the

same if each link length Is the same, i.e.. two links plus

relay time. Notice that a complete error check requires

an error check In the master, plus an error check in the

station where the data originated. Another feature of the

MSM system is that any slave station can be disconnected

or turned oft without affecting the other stations. With

slightly more complicated relay control logic in the master

stations, the MSM system can provide even more
flexibility in the control of data movement — the

schematic in Figure 12 is intended only to illustrate the

potential flexibility of MSM.

At the expense of less flexibility and longer transmission

delay, multiplex operation can be done with an even

smaller number of T/R pairs by means of Looped-Station

I

Multiplexing |LSM |
as in Figure 1 3. In addition to requiring

only n T/R pairs for n stations, LSM offers the advantage

that an error check is required only at the station from

which the data originates. There are some disadvantages.

A relatively minor disadvantage is the data delay around

the loop to where the data originated. A less minor

disadvantage is the tact that, even if one of the stations in

the loop is designated for loop control, it does not have

control as absolute as that of the master station in MSM. A
major disadvantage is that removal of one or more stations

from the loop may require a re-run of the fiber optic cable

unless the flux budget allows insertion of a connector to

replace the station(s) removed. There is some error

accumulation around the loop, but this is not a

disadvantage if error correction is applied.

Error Accumulation

Where error correction is inconvenient or impossible, the

accumulation of error through data relay units may be

significant. With Hewlett-Packard components operated

within the limits prescribed by the data sheet parameters

and the flux budget, any point-to-point link has a

R T

V

\
ENABLE

r^-J-C T

\

R

r \ R T

\
OPEN -COLLECTOR
OUTPUT IS REQUIRED

^ \
\ /

/
T

WHEN 'TRANSMIT ENABLE' IS HIGH.
THE SIGNAL AT 'DATA OUT IS

RE TRANSMITTED WITHOUT INVERSION.

FOR n STATIONS, NO. OF T/R PAIRS - r

Figure 13. Looped-Statlons Multiplex Arrangement for Fiber Optic Links.
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probability of error P8 < 10~9
. This means that Pe <10"9 as

long as the loss margin, oM(dB) is above zero. With a

number, n, of repeater links, the worst case estimate of

cumulative probability of error is the RMS value:

;24: CUMULATIVE PROBABILITY
OF ERROR, n n

Pe.n = 1 -TTd -Pe..l-I>e.i
1=1 i=1

where Pe ,i is the probability of error in link "I"

If each link has the same probability of error, Pe , then the

cumulative value of Po is estimated at:

(25) CUMULATIVE PROBABILITY OF
ERROR FOR EQUAL Pe's Pe.p - nPe

However, as in any chain, the probability of error is usually

just that of the "weakest link," that is, the link having the

highest probability of error.

Measuring the probability of error can be very time-

consuming if Pe has a very low value. For instance, if Pe =
10-9 at 10 Mbaud (BER = 10'9

!, this suggests that if the

system is operated for 100 seconds at 10 Mbaud
accumulate 109 bits) with one error, the Pe = 10"9 is

verified. This is not necessarily true. The significance of Pe
= 10"9 is that over several such periods the average error is

one per 100 seconds. A less time-consuming procedure is

to lower the signal (flux; level until the error rate, Pe.N is

measurably high in a comfortable period of time, and note

this flux level as *n> 'ne Noise measurement flux level. The
operating flux level is designated <p , and is found from the

ratio:

XN *N *N

and from the complementary error function:

Pe = erfc (Xo) = 1 - erf(Xo) calculated for <j>o

Pe.N = erfc(XN) = 1 - erflXNi measured at <4n

erfciX) - ^(e-x2 : for Pe < 10"4

This measurement and relationship can be useful in

evaluating the relative merits in the tradeoff between
running a single link over a long distance versus operating

with one or more repeaters. The use of repeaters usually

yields the lower Pe , but may be "overkill" in some cases.

INSTALLATION, MEASUREMENT, AND
MAINTENANCE

The shielded metal packages of Hewlett-Packard Fiber

Optic Modules are very sturdy and can be mounted in any
position. Both Transmitter and Receiver dissipate very low
power, so heat sinking is not required. A cool location is

preferred, especially for the Transmitter. The main
concern in selecting the locations of both modules is

accessibility of the optical ports.

Mounting

The preferred mounting is with two #2-56 screws on a

printed circuit board. Clearance must be provided for the

Lock Nut, which protrudes 0.5mm to 1.0mm (depending
on angular position) beyond the plane of the module's
bottom surface. The usual way to deal with this is to allow

the Lock Nut to overhang the edge of the PC. board as in

Figure 14. Lock Nut clearance could also be provided by
an opening in the board, or by using washers of 1mm
thickness on the #2-56 mounting screws to space the

Module bottom 1 mm from the board. Screws entering the

#2-56 tapped holes MUST NOT TOUCH BOTTOM AS
THIS MAY DAMAGE THE MODULE. The #2-56 tapped

hole is 5.6mm (0.22 in.) deep, which provides an ample i

purchase on the thread.

P.C. Board
Thickness

mm
0.79

1.59

2.38

In.

1/32

1/16

3/32

Recommended
Screw Length — mm (In.)

W/O Spacer W/1-mm Spacer

4.78 (.188;

6.35 (.250)

6.35 (.250)

6.35 (.250)

6.35 (.250)

6.35 (.250)

The #2-56 holes near the front of the package are the only
screw holes that may be used for mounting the module.
UNDER NO CIRCUMSTANCES MAY THE SCREWS
ALREADY INSTALLED OR THE SET SCREW BE
DISTURBED. Disturbing these may cause interior

damage.

For additional support, the electrical leads may be bent
down and soldered into the P.C. board. In bending the

leads, care must be taken to avoid strain at the point where
the leads enter the glass seal. This can be done by
applying mechanical support between the module and the

bending point which should be at least 1.0mm (0.04 in.)

from the end of the module. A needle-nose pliers can also

be used to bend the leads individually, providing no
bending moment Is transferred to the seal. See Figure 14
for details fo these techniques.

Panel mounting can also be used. This is an especially

attractive mounting when R.F. shield integrity must be
maintained. As seen in Figure 15, the panel thickness must
be less than 4mm (5/32 in.) and have a counter-bore to

receive the Lock Nut. This will make the mounting secure
and leave enough of the Barrel outside the panel to permit

installation of an external mounting nut as well as the
Cable Connector.

Fiber Optic Cable Connections

The data sheet cautions against disturbing the Lock Nut<
and Barrel. This is to prevent damage by someone who
has not read the following material:

As seen in Figure 16, there is a clearance between the
interior end of the Barrel and a shoulder on the Fiber

Alignment Sleeve. If this clearance is not maintained,
there is a risk that a force applied to the Barrel may be
transmitted by the Fiber Alignment Sleeve to the optical

fiber stub, forcing the stub against the face of the source
or detector. The source (or detector; is an extremely
fragile semiconductor device and even a very small force

can cause severe damage. Should it be necessary to

remove the Lock Nut and Barrel, they should be
reinstalled with this procedure:

1

.

Lightly and carefully thread the Barrel Into the Module
body until it comes against the shoulder of the Fiber

Alignment Sleeve.

2. Back the Barrel OUT ONE FULL TURN, then HOLD
THE BARREL FROM TURNING while seating the Lock
Nut securely against the body. During final tightening
of the Lock Nut, the Barrel may be allowed to enter no
more than HALF A TURN.



UPPER
AND COWER

SUPPORTS FOR
LEAO BENDING

—it—

»

DO NOT BEND WHERE
LEAD ENTERS

LOCK NUT
OVERHANGS
EDGE OF
P C. BOARD

Figure 14. Lead Bending and P.C. Board Mounting.

LOCK NUT
CLEARANCE -
COUNTERBORE
FROM REAR
7.Smm DIA. X 2.0mm DP

C10- 32
EXTERNAL
MOUNTING NUT
(NOT SUPPLIED
WITH UNIT!

LOCK NUT. SUPPLIED
INSTALLED. SHOULD
NOT BE DISTURBED

Figure 15. Panel Mounting.

opposite ends of the sleeve to have slightly different

diameters and yet be firmly aligned by the curved interior

wall. A chamfer on the edge of the Ferrule aids insertion. I n

making temporary Cable-to-Cable connection, It is

permissible, and often convenient, to omit the Barrel,

since it does not perform an alignment function. When the

Barrel is used for a more sturdy joint, the connection

procedure is:

1. Install the Sleeve and Barrel on one Connector, using

only FINGER TIGHTNESS of the Coupling on the

Barrel.

2. Start the Ferrule of the second Connector into the

Sleeve.

3. Engage the Coupling on the Barrel threads and tighten

FINGER TIGHT.

When Hewlett-Packard Cable Connectors are joined,

either to each other or to the optical port of a Transmitter

or Receiver, there is a cylindrical spring Sleeve that aligns

I the Ferrules. This is shown in Figures 16 and 17. It may be

difficult to see, but the Sleeve does have a slightly

flattened "leaf" on either side of a notch. The notch makes
the leaves spring separately, allowing the Ferrules at

Alignment of the Ferrules (and hence the fiber optics) is

performed by the Sleeve; the Barrel and Couplings are

Intended only for tensile support, but if they are OVER
tightened, they may cause misalignment. Loss of coupling

due to misalignment can be observed at the Vt (Test

Point ) on the Receiver when the System is active:

AVt/A(*> 10mV/MW.

BARREL
INTERNAL
LEARANCE^-BAHHEL CLEARA

fWVWVWAWAWvAWA

DIELECTRIC STANDOFF -

SOURCE OR DETECTOR -

SHOULDER (BARREL MUST NOT
"APPLY PRESSURE HERE!

Figure 16. Opto-Mechanlcal Structure of T/R Modules.
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Figure 17. In-Llne Connector Arrangement.

The procedure above applies also to making Cable
connection at the Receiver and Transmitter, except that

the Sleeve and Barrel are already installed. In manu-
facture, the Sleeve In the Module is pre-stressed for a

tighter fit on the Ferrule In the Module than on the Ferrule

in the Connector. The Sleeve is not likely to be pulled out

when the Module is disconnected, but if that does happen,

it can be reinstalled without removing the Barrel by using

the Connector Ferrule to guide and support it.

In connecting fiber optics other than those from Hewlett-

Packard to a Hewlett-Packard module, it is necessary to

center the fiber in a cylinder with the same outside

diameter as the Hewlett-Packard Ferrule over a length (to

first shoulder) equal to half the length of the Sleeve, i.e.,

3.5mm. This is adequate for a temporary connection. Fora
more permanent connection, add a coupling to fit the

#10-32 thread on the Barrel.

Power Supply Requirements

Power supply lines for the Transmitter and the Receiver
should each have a pi filter of two 60/jF shunt capacitors

and a 2.2^H (<10J inductor. The Transmitter needs this

filter to prevent transients from reaching other equipment
when the LED lor IRED] currents are switched. The
Receiver needs the filter to keep line transients from
interfering with its extremely sensitive amplifier. In

addition, the Receiver may need its own regulator, as

shown in the data sheet, to prevent low-frequency
transients or ripple from interfering with the data stream. If

a regulator is used, the pi filter should be between the

regulator output and the Receiver supply terminal. The
Transmitter needs no regulator if the supply voltage Is In

the specified range.

System Performance Evaluation

System performance checks may be done by using error-

detection equipment, such as the Hewlett-Packard Mod.
3760A Word Generator and 3761 Error Detector as
indicated in Figure 18. The Mod. 3780A Pattern

Generator/Error Detector which contains both word
generator and error detector is also usable, although it has
less flexibility in word generation and a lower data rate

capability. These instruments have low-impedance [SOfl

and 75fl) inputs and outputs. The outputs have adequate
voltage swing to drive the Fiber Optic Transmitter Data

Input, but ringing may occur unless the signal line is

properly terminated. The low-impedance inputs require a

buffer amplifier between the Receiver output and the Error

Detector input. Here also the voltage swing is ample, so a

simple emitter follower will do as a buffer.

With Mode Select "low" (on the Fiber Optic Transmitter),

the Word Generator may be set for either NRZ orRZ code,

and there is no restriction of any kind on word length or

composition pseudo random or selected;. With Mode
Select "high", the code selection can be either NRZ or RZ
but in either code the word composition must be such that:

1 No interval > 5jis of consecutive marks or consecutive

spaces

2. Duty factor: .44 < DF < .57 or .75 < k < 1.25

The first condition can be examined with an oscilloscope,

but if word length is such that:

word length (bits:

data rate ( bits/second
|

< 5 microseconds

then there is no way that any consecutive marks orspaces
can extend over 5>is.

The easiest way to check duty factor is by observing k

directly on an ac coupled oscilloscope: first establish the

baseline position (e.g., center of scope face) with zero
signal input, then with the data signal applied:

_ excursion above baseline position—
excursion below baseline position

where the oscilloscope deflects upward for positive input.

For this observation, the oscilloscope need not be
synchronized — it could be free-running. The word
composition should be adjusted to bring k within the

specified limits. The word composition can be adjusted by
adding zeroes, changing word length, or by handselecting

the bit sequence.

Either error detector has two modes of operation:

BER Bit Error Rate) mode and "count" mode. The count
mode is simplest to use and gives an earlier indication of

the result of any system adjustment.
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-O CLOCK
MP 3761

A

—O DATA ERROR DETECTOR

AC COUPLEO
OSCILLOSCOPE
TO CHECK ON
DUTY FACTOR PATTERN ERROR

GENERATOR DETECTOR

GENERATOR AND DETECTOR MUST
HAVE MATCHED WORD LENGTHS
AND OATATjATi SELECTION.

Figure 18. Bit Error Rale Measurement Arrangement.

With the System at normal operating flux level, the error

rate is so low that it would take several hours or even days

to make an accurate BER measurement. If the flux level is

reduced. SNR falls and BER rises until it becomes
measurable. Then the error function |see Equation (26)|

can be applied to determine the BER at the normal flux

level in terms of the ratio 0o'*n where 0q ' s 'ne operating

flux level and *N is the flux at the reduced level where the

BER was measured. The problem now is that <>N may be

too low to measure with equipment at hand. The solution

is in the Receiver Test Point voltage. Vt. which varies

. linearly as Receiver input flux — see Equation [17J. But

even this method has limits; when the flux becomes a

small fraction of a microwatt, the voltage difference

(
Vtmax - Vt) cannot be accurately observed. The solution

to this problem is in the Transmitter-to-Cable connection.

Just back off the Coupling, noting the number of turns

while observing Vt, then plot a curve like that of Figure 19.

The curve is quite repeatable if care is taken to avoid

backlash and rotation of the Connector Body (rotate

Coupling only! but the curve is not the same for each

System.

Operating Margin Measurement

The flux budget margin, qm , for a given P„ can be found

using the Connector on the Transmitter as an adjustable

attenuator as described above, proceeding as follows:

1. Prepare a curve similar to Figure 19.

2. Count the turns, N, needed to get measurable error,

Pe.N.

3. Find aN (dBl from N and the curve from Step 1.

4. Find Xn from erfc (Xn; = Pe.N (measured).

5. Find Xo from erfc (Xo) = Pe (given).

(27) aM(dB) = ON - 10 log -£°. FOR GIVEN Pe
AN

Absolute flux levels at "N" turns can be found by
measuring the flux level when N = and applying a ratio. A
rough measurement can be made using the Test Point

voltage, Vt. and Equation (15). A more precise

measurement requires a calibrated radiometer, such as

the EG&G Mod. 550, used as shown in Figure 20a. With its

"flat" filter installed, the EG&G Mod. 550 reads the radiant
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N - NUMBER OF COUPLING TURNS

Figure 19. Flux Decoupling by Rotation of Connector Coupling.
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LOCATION
OF FERRULE-.
FACE ^*»

TRANSMITTER

REMOVABLE 'FLAT'
FILTER

I, (»WAr) - E, (uW/cmJ| « if (cm'l

GENERAL PROCEDURE:
USE SUBDUED AMBIENT. FOR EACH OBSERVATION E, - DIFFERENCE IN READINGS
OBTAINED WITH TRANSMITTER POWER SUPPLY ON AND OFF.

1. OBSERVE E, l*W/cm*l WITH 'FLAT' FILTER IN PLACE

2 OBSERVE E, (»W/om>l WITH 'FLAT' FILTER REMOVED

OPTICAL
BENCH
ROD

560-1

RADIOMETER
PHOTOMETER

_550-2 PROBE
ASSEMBLY

, REF. MARK

3
**^\ I PROBE

L-_J SWITCH
- - - n«i- i

FILTER TRANSMITTANCE: r
F

= E,/E2

AVERAGE FLUX FROM TRANSMITTER:

itU" THE MAXIMUM VALUE OF THE RADIATION PATTERN INTEGRAL eg)
HO;

(SEE DATASHEETI

(•) MEASUREMENT OF TRANSMITTER AVERAGE FLUX

TRANSMITTER

PROTECTIVE GLASS
OVER DETECTOR

_

DETECTOR AREA
A„«lc

SSO-2 PROBE
WITH 'FLAT'
FILTER REMOVED

3. WITH TRANSMITTER CONNECTOR SEATED, CENTER RECEIVER CONNECTOR OVER DETECTOR,
THEN POSITION AGAINST GLASS. 100 NOT SLIDE - SLIDING MAY CAUSE SCRATCH DAMAOE.)
OBSERVE E (sW/cmll.

4. WITHOUT ROTATING THE BODY. ROTATE THE COUPLING BY SMALL INCREMENTS OF TURNS,
NOTING THE NUMBER OF TURNS. N, AND FOR EACH VALUE OF N: OBSERVE E„ luW/cnf).

RECEIVER INPUT FLUX. AT OPERATING LEVEL 00 <l*> - Bo
rTgt^lfofr^

FLUX DECOUPLING (SEE FIQ. 19) I a* ' 10 log- IEo / EN >

(b) MEASUREMENT OF AVERAGE RECEIVER INPUT FLUX AND FLUX DECOUPLING AT TRANSMITTER CONNECTOR.

Figure 20. Flux Measurement with EG»G Mod 550 Radiometer.



incidance, E, in W/cm2 on an aperture area, Ad = 1 cm2
and N.A. = 1. With the filter removed, a fiber optic cable

can be placed so close to the aperture that there is no flux

loss, and since the radiometer N.A. exceeds the fiber N.A.

,

the radiometer will have a reading in W/cm2 which is

numerically equal to the flux in watts. However, a

correction must be made for the removal of the filter.

The insertion loss of the filter must be evaluated at the

measurement wavelength because it varies with wave-

length to compensate for spectral variation in the

response of the silicon detector. The arrangement shown

in Figure 20 for measurement of radiant intensity is a good
one for measuring insertion loss of the filter. Two
observations are made — one with and one without the

filter. Error due to ambient radiation is avoided by working
in subdued ambient and for each observation taking two
radiometer readings (source off and source oni; the

difference in readings is the observation of the radiant

incidance. Ee. produced by the radiant intensity, l e ,
of the

source. The ratio of the two observations gives:

EelMter out)
(28l FILTER INSERTION LOSS, o F = 10 log

Ee(diter In)

This same arrangement can be used to measure the

average flux of the Transmitter as shown in Figure 20b.

From the observation of Ee with the filter IN:

(29) AVERAGE INTENSITY, \Jrg)« Eefe^) x d2 |cm2)

from Equation (29'

(30) AVERAGE FLUX, tfeiiiWi = l e

value from radiation pattern integral

-

in Transmitter Data Sheet

SYSTEM MAINTENANCE

Preventive Maintenance

Long-term degradation occurs in any LED and LED
degradation affects the Hewlett-Packard Fiber Optic

System in two ways: reduced average flux, affecting either

externally- or internally-coded mode, and altered flux

excursion ratio, affecting only the internally-coded mode.

Significant degradation of either the flux or the flux

excursion ratio can be detected by regular observation of

the flux margin, aM , and of k.

q,v is evaluated as explained under Operating Margin

Measurement from Equation 1 27 1. A plot of qm against the

logarithm of the cumulative hours of operation will allow

an estimate to be made of the operating time remaining

until o M = FOR THE Pe DESIRED.

k must be evaluated by measuring #H , <tM , and *L as

explained in the Transmitter description. The Test Point

voltage can be used in making this measurement — see

Equation :15(. The upper and lower margins on k for a

particular Receiver can be found by operating the

Transmitter with Mode Select "high" and a rectangular

signal [1 500kHz> at Data Input. As the duty factor of the

signal is varied, the limits on k are found as those at which

the Receiver fails to follow the Data Input signal

(311 k = -1 =

4"

where ftp is the positive-pulse duty factor

ftN is the negative-pulse duty factor

Changes in k do not affect externally-coded mode
performance, and If this mode is used, then flux margin,

qm , is the only concern.

Corrective Maintenance

Trouble in the System may range from complete

breakdown to excessive BER. The flux used in the

Hewlett-Packard System is visible so the cause of

complete breakdown can sometimes be localized by

simply looking at the output of the Cable and the

Transmitter. If there is visible output from the cable, then,

when the Cable is connected to the Receiver, there should

be an 8mV change in Test Point voltage, Vt. as the

Transmitter (Mode Select "low" 1 is turned on and off by

switching Vcc. If .AVt is more than 8mV but the system is

not working, then either the Receiver logic is not

functioning properly or the fluxexcursion ratio, k, Iseither

too high or too low. Excursion ratio can be checked as

described above, using Vt If k is satisfactory, the logic

malfunction could be due to incorrect supply voltage or

output loading.

If the System is functioning but has excessive BER, either

the flux and flux excursion ratio are marginal (can be

checked as described abovei or there is too much
interference from noise or other effects. If the Data Input

voltage levels are correct, either random noise is high or

errors are occurring due to incorrect supply voltage or

output loading, or due to noise on the supply line. Random
noise effects can be checked by lowering the flux level to a

point where Pe is measurably high. If Pe varies with flux

level according to PB = erfc;X\ as in Equation ,26', then

the problem Is excessive random noise. Random noise

can also be checked by changing the data rate while the

flux level is low enough to make Pe measurable. If Pe is the

same at any data rate, the problem is excessive random

noise. Excessive random noise is more likely to occur in

the Receiver than in the Transmitter; the best way to check

is by replacement of the Receiver. Noise on the supply line

is difficult to trace. If there is any doubt, the Receiver

should be operated from its own supply [e.g., a 5V
regulator ), Receiver noise should be low enough to make
Pe

<10'9 at 10 Mbaud with normal flux level ;iVT>8mVby
the method described above indicates normal flux level i.
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m HEWLETT
PACKARD APPLICATION NOTE 1001

Interfacing the HDSP-2000 to

Microprocessor Systems

4

INTRODUCTION

Over the past two years, the need for alphanumeric
displays has grown very rapidly due to the extensive use of

microprocessors in new systems design. The presence of

the microprocessor in such systems substantially

simplifies the traditionally difficult task of designing an
alphanumeric display into a system. This task Is further

simplified by using a display element such as the HDSP-
2000 which has in one package a four character display, as

well as most of the basic electronics necessary to drive the

display. Depending upon overall systems configuration,
microprocessor time available to dedicate to display

support, and the type of information to be displayed, one
may choose several different partitioning schemes to

drive such a display.

This note will deal with four different techniques (see

Figure 1) for Interfacing the HDSP-2000 display to

microprocessor systems:

1. The REFRESH CONTROLLER interrupts the micro-
processor at a 500 Hz rate to request refresh data for the
display.

2. The DECODED DATA CONTROLLER accepts 5x7
matrix data from the microprocessor and then
automatically refreshes the display with the same
information until new data is supplied by the

microprocessor.

3. The RAM CONTROLLER accepts ASCII data and
interfaces like a RAM to the microprocessor.

4. The DISPLAY PROCESSOR CONTROLLER (HDSP-
247X series,' employs a dedicated single chip
microprocessor as a data display/control/keyboard
interface which has many of the features of a complete
terminal.

The interface techniques depicted are specifically for the
8080A or 6800 microprocessor families. Extension of

these techniques to other processors should be a
relatively simple software chore with little or no hardware
changes required.

COMPARISON OF INTERFACE TECHNIQUES

The choice of a particular interface is an important

consideration because It affects the design of the entire

microprocessor system. The REFRESH CONTROLLER
provides the lowest cost interface because it uses the

microprocessor to provide ASCII decoding and display

strobing. Because the ASCII decoder is located within the
microprocessor system, the designer has total control

over the display font within the program. This feature is

particularly important when the system will be used to

display different languages and special graphic symbols.
However, the REFRESH CONTROLLER requires a
significant amount of microprocessor time. Furthermore,

while the interrupt allows the refresh program to operate
asynchronously from the main program, this technique
limits some of the software techniques that can be used in

the main program.

The DECODED DATA CONTROLLER requires micro-

processor interaction only when the display message is

changed. Like the REFRESH CONTROLLER, the ASCII
decoder is located within the microprocessor program.

'

However, the time required to decode the ASCII string and
store the resulting 5x7 display data into the interface

requires several milliseconds of microprocessor time.

The RAM CONTROLLER also requires interaction from
the microprocessor system only when the display

message is changed. Because the ASCII decoder is

located within the display interface, the microprocessor
requires much less time to load a new message into the

display.

The DISPLAY PROCESSOR CONTROLLER, the HDSP-
247X series, is the most powerful interface. The software
within the DISPLAY PROCESSOR CONTROLLER further

reduces the microprocessor interaction by providing

more powerful left and right data entry modes compared
to the RAM entry mode of the DECODED DATA and RAM
CONTROLLERS. The DISPLAY PROCESSOR CON-
TROLLER can also provide features such as a Blinking

Cursor, Editing Commands, and a Data Outfunction. One
version of the DISPLAY PROCESSOR CONTROLLER
allows the user to provide a custom ASCII decoder for

applications needing a special character font.
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Figure 1. Four Different Techniques fo Interface the HDSP-2000 Alphanumeric Display to a Mlcroproceteor Syslem

MICROPROCESSOR OVERVIEW

In order to effectively utilize the interface techniques

listed above, an understanding of microprocessor

fundamentals is required. A microprocessor system

usually consists of a microprocessor, ROM memory, RAM
memory, and some specific I/O interface. The micro-

processor performs the desired system function by

executing a program stored within the ROM. The RAM
memory is used to provide a stack for the microprocessor,

as well as a temporary scratchpad memory. The I/O

Interface consists of circuitry that is used as an input to the

system as well as an output from the system. The
alphanumeric display subsystem would be considered

part of this interface. The microprocessor interfaces to

this system through an Address Bus, a Data Bus, and a

Control Bus. The Address Bus consists of several outputs

from the microprocessor (Ao. Ai...An! which collectively

specify a binary number. This number or "address"

uniquely specifies each word in the ROM memory, RAM
memory, and I/O interface. The Data Bus consists of

several lines from the microprocessor which are used both

as inputs and outputs. The Data Bus serves as an input

during a memory or I/O read operation and as an output

for a memory or I/O write operation. The Control Bus
provides the required signals and timing to the rest of the

microprocessor system to distinguish a memory read

from a memory write, and in some systems an I/O read

from an I/O write. These control lines and the timing

between the Address. Data, and Control Buses vary for

different microprocessors.

For the 8080A microprocessor, the Address Bus consists

of 16 lines, the Data Bus consists of 8 lines, and the

Control Bus consists of several lines including DBIN ;Data

Bus In |, WR i Write), and clock signals <*i andd>2. DBIN and

WR are used to specify a memory read or write. The 8080A
microprocessor provides several other co ntrol lines which

are usually decoded wi th DBIN and WR to generate com-

posite control sig nals MEM R (Memory Read). MEM W
(Memory Write), I/O R (I/O Read), and I/O W (I/O

Write). Since the alphanumeric display subsystem Is an
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output ot the microprocessor system, the timing between
the Address Bus, Data Bus, and WR is of particular

significance. This timing is generalized in Figure 2.

ADDRESS BUS VALID ADDRESS

I

ADDRESS BUS

8080 MICROPROCESSOR
WITH 8228 CLOCK

MINIMUM TIMES {ml

<AH WA low V,o

BOBOA. ic¥ - 480

80B0A 2. tcv - 360

8080A 1. tcv 320

740

560

470
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'A* " 2|C»-ID,-I140(A), 130IA-2I, 110IAH]
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ov» " 'cv -'ol -1170(A). 170IA-II, 160IAHI

From INTEL Component Data Catalog. 1978

t,IMIN)- tUI (MINI-tAD (MAX)

tjlMINI- te„(MINI - toD„(MAXI

Prom MOTOROLA Semiconductor MC88O0 Data Sheet

(DS9471I. 1978

Figure 2. Memory Write Timing tor tho Intel 8080A
Microprocessor Family

Figure 3. Memory Write Timing tor the Motorola 6800
Microprocessor Family

The 6800 microprocessor has a 1 6 line Address Bus, 8 line

Data Bus. and a Control Bus that includes the signalsVMA
(Valid Memory Address!, Ft/W (Read/Write;. D8E (Data
Bus Enable), and clock signals *i and 1*2. R/W specifies

either a memory read or write while VMA is used in

conjunction with R/W to specify a Valid Memory Address.
DBE gates the internal data bus of 6800 into the Data Bus.
In many applications. DBE is connected to <p2. The timing

between the Address Bus, Data Bus, VMA, and R/W (when
DBE = o>2) is shown in Figure 3. Additional data hold time,

Ih. can be achieved by delaying 02 to the microprocessor
or by extending DBE beyond the tailing edge of 0V2.

The ASCII to 5 x 7 dot matrix decoder used by the
REFRESH CONTROLLER and DECODED DATA CON-
TROLLER is located within the microprocessor program.
This decoder requires 640 bytes of storage to decode the

128 character ASCII set. The decoder used by these
controllers is formatted so that the first 128 bytes contain
column 1 information; the next 1 28 bytes contain column 2
information, etc. Each byte of this decoder is formatted
such that De through Do contain Row 7 through Row 1

display data respectively. The data is coded so that a
HIGH bit would turn the corresponding 5x7 display dot
ON. This decoder table is shown in Figure 20. The
resulting 5 x 7 dot matrix display font is shown in the
HDSP-2471 data sheet.

REFRESH CONTROLLER
The REFRESH CONTROLLER circuit depicted in Figure4
is designed for interface to either 6800 or 8080A
microprocessors. This circuit operates by interrupting th

microprocessor every two milliseconds to request a nev
block of display data and column select data. Display data
is loaded from the data bus into the serial input of the
HDSP-2000 via a 74165 parallel in. serial out shift register.

The 74LS293 counter and associated gates insure that

only seven clock pulses are delivered to the shift register

and the HDSP-2000 for each word loaded. Column Select

data is loaded into a 74174 latch which, in turn, drives the

column switch transistors. The circuit timing relative to

the microprocessor clock and I/O is depicted in Figure 5.

The 6800 software necessary to support this interface is

divided into two separate subroutines, "RFRSH" and
"LOAD" ( Figure 6j. This approach is desirable to minimize
microprocessor involvement during display refresh. The
subroutine "RFRSH" loads a new set of decoded display

data from the microprocessor scratchpad memory into

the interface at each interrupt request. The subroutine
"LOAD" is utilized to decode a string of 32 ASCII
characters Into 5x7 formatted display data and store this

data in the scratchpad memory used by "RFRSH".

irt
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8080A MICROPROCESSOR TIMING

ADDRESS BUS
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S/L 7416B

HDSP 2000 CLOCK

HDSP2000DATA
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Figure 5. REFRESH CONTROLLER Timing

Figures 7a and 7b depict two different software routines

for interfacing the REFRESH CONTROLLER to an 8080A
microprocessor. The two subroutines shown in Figure 7a
are functional replacements for the 6800 program shown
in Figure 6. The programs shown In Figures 6 and 7a
require a 5n byte scratchpad memory where n is the

display length. The routine in Figure 7b eliminates this

scratchpad memory by decoding and loading data each
time a new interrupt request is received.

Because the microprocessor system is interrupted every

2ms, proper software design is especially important for

the REFRESH CONTROLLER. The use of the scratchpad
memory significantly reduces the time required to refresh

the display. The fastest program, shown in Figure 6, uses

in-line code to access data from the buffer and output it to

the display. This program requires 3.7% + .50n% of the

.

available microprocessor time for a 1MHz clock. The J
program shown in Figure 7a is similar to the one shown in

Figure 6, except that it uses a program loop instead of the

in-line code. This program uses 5.4% + .93n% of the

microprocessor time for a 2MHz clock. These programs
utilize a subroutine "LOAD" which is called whenever the

display message is changed. This subroutine executes in

10.2ms and 7.5ms respectively for Figure 6 and Figure 7a.

The program in Figure 7b uses 7.6% + 1.35n% of the
microprocessor time for a 2MHz clock. A 50% reduction in

the previously described microprocessor times can be
achieved by using faster versions of the 6800 and 8080A
microprocessors.
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OBJECT
LOC CODE SOURCE STATEMENTS

BF 05

•

CDVR EQU SBF05
BF 04 RDVR EQU SBF04
06 00 DECDR EQU S0600B 0000 POINT RMB 2W 0002 COLMN RMB 1

0003 COUNT RMB 2

0005 00 AD ASCII FDB DATA
0007 DISPNT RMB 2
0009 DCRPNT RMB 2
000B COLCNT RMB 1

OOOC DICCNT RMB 1

OOOD BUFFR RMB 160
OOAD DATA RMB 32

0400 ORG S0400
0400 86 FF RFRSH LDA A 1. SFF
0402 B7 BF 05 STA A E. CDVR
0405 DE 00 LDX D. POINT
0407 A6 00 LOOPHH LDA A X.O
0409 B7 BF 04 STA A E. RDVR
040C A6 01 LDA A X.I
040E B7 BF 04 STA A

•

E. RDVR

04A2 A6 IF
•

LDA A X.3I
04A4 B7 BF 04 STA A E. RDVR
04A7 96 02 LDA A D, COLMN
04A9 B7 BF 05 STA A E. CDVR
04AC 81 EF CMP A 1, SEF
04AE 27 10 BEQ LOOPB
04B0 D6 00 LDA B D, POINT + 1

04B2 CB 20 ADD B 1.32
04B4 D7 00 STA B D. POINT !
04B6 24 03 BCC LOOPA
04B8 7C 00 00 INC E, POINT
04BB OD LOOPA SEC
04BC 79 00 02 ROL E, COLMN
04BF 3B RTI

04C0 CE 00 OD LOOPB LDX 1. BUFFR
04C3 DF 00 STX D. POINT
04C5
04C7

DE 03 LDX D. COUNT
(r» DEX

04C8 DF 03 STX D. COUNT
04CA 86 FE LDA A 1. JFE
04CC 97 02 STA A D. COLMN
04CE 3B RTI

04CF 5F LOAD CLR B
04DO CE 00 OD LDX 1, BUFFR
04D3 DF 07 STX D. DISPNT

„ 04DS 86 06 LDA A 1. <DECDRk 04D7 97 09 STA A D, DCRPNT
04D9 86 OS LDA A 1.5

^F 04DB 97 OB STA A D, COLCNT
04DD 86 20 LOOP1 LDA A 1.32

04DF 97 OC STA A D. DICCNT
04EI 9B 06 ADDA D. ASCH+I
04E3 24 03 BCC LOOP2
04E5 7C 00 05 INC E. ASCII
04ES 97 06 LOOP2 STA A D. ASC1I+1
04EA DE OS LOOP3 LDX D. ASCII
04EC 09 DEX
04ED A6 00 LDA A X,0
04EF DF 05 STX D. ASCII
04F1 IB ABA
04F2 97 OA STA A D. DCRPNT+1
04F4 DE 09 LDX D, DCRPNT
04F6 A6 00 LDA A X.O
04 F8 DE 07 LDX D. DISPNT
04FA A7 00 STA A X,0
04FC 08 INX
04FD DF 07 STX D. DISPNT
04FF 7A 00 OC DEC E. DIGCNT
0502 26 E6 BNE LOOP3
0504 CB 80 ADD B 1. $80
0506 24 03 BCC LOOP4
0508 7C 00 09 INC E, DCRPNT
OSOB 7A 00 OB LOOP4 DEC E. COLCNT
OSOE 26 CD BNE LOOP1
0510 39 RTS

OBJECT
LOC CODE

0004
0005
ESOO

SOURCE STATEMENTS

RDVR EQU 000JH
CDVR EQU 0005H
DECDR EQU OE500H

ORG OEOOOH
E000 OS EO POINT DW BUFFR
E002 FE COLMN DB OFEH
E003 FF FF COUNT DW OFFFFH
EOOS 00 BUFFR DS

ORG

160

0E0A5H
E0A5 A7 EO ASCII DW DATA
E0A7 00 DATA DS

ORG

32

0E40OH
E400 F5 RFRSH PUSH PSW
E40I C5 PUSH B
E402 ES PUSH H
E403 2A 00 EO LHLD POINT
E406 06 20 MVI B. 32
E408 3E FF MVI A. OFFH
E40A D.= OS OUT CDVR
F40C 7E LOOP MOV A.M
E40D D? 04 OUT RDVR
E40F 23 INX H
E4I0 OS DCR B
E4II C2 OC E4 JNZ LOOP
F.4I4 3A 02 EO LDA COLMN
E4I7 D3 OS OUT CDVR
E419 FE EF CPI OEFH
E41B CA 2) E4 JZ FIRST
E4IE 22 00 EO SHLD POINT
E42I 07 RLC
E422 32 02 EO STA COLMN
E42S C3 3A E4 JMP END
E428 21 OS EO FIRST LXI H. BUFFR
E42B 22 00 EO SHLD POINT
E42E 3E FE MVI A. OFEH
E430 32 o: EO STA COLMN
E433 2A 03 EO LHLD COUNT
E436 2B DCX H
E437 22 03 to SHLD COUNT
E43A fc] END POP H
E43B CI POP B
E43C Fl POP PSW
E43D C9 RET

E43E 11 24 EO LOAD LXI D, BUFFR*31
E44I OE 20 MVI C. 32

E443 2A AS EO LOOP1 LHLD ASCII
E446 7E MOV A.M
E447 23 INX H
E448 22 AS EO SHLD ASCII
E44B 26 ES MVI H.DECDR/256
E44D 6F MOV L.A
E44E 06 OS MVI B.S
E450 7E LOOP2 MOV A.M
E4SI U STAX D
E452 s MOV A, L
E4S3 80 ADI 80H
E455 6F MOV L.A
E4S6 D2 SA E4 JNC LOOP3
E459 24 INR H
E45A 7B LOOP3 MOV A. E
E4SB C6 20 ADI 32
E4SD SF MOV E.A
E4SE 05 DCR B
E45F C2 SO E4 JNZ loop:
E462 7B MOV A. E
E463 C6 5F ADI 5FH
E46S 5F MOV E.A
E466 OD DCR C
K467 C2 43 E4 JNZ L0OPI
E46A C9 RET

Figure 6. 6800 Microprocessor Program Utilizing a 160 Byte

RAM Butler thai Interlace, lo the REFRESH CONTROLLER
Figure 7a. 80B0A Mlcroproceator Program Utilizing a 160 Byte

RAM Buffer that Interface! to the REFRESH CONTROLLER
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OBJECT
LOC CODE SOURCE STATEMENTS

00O4 RDVR EQL 0004H
0005 CDVR EQU 0005H
ESOO DECDR EQU

ORG

0F500H

0E000H
EOOO 07 EO ASCII DW DATA
fioo: FE COLMN DB OFEH
E003 FF FF COUNT DW OFFFFH
E005 00 ES BASE DW DECDR
E007 00 DATA

ORG

DS 32

0E40DH
E400 FS RKR5H push PSW
E40I cs PUSH B
E402 DS PUSH D
E'03 ES PUSH H
E4M 2A 05 to LHLD BASE
E407 E8 XCHG
E408 2A 00 >u LHLD ASCII
E40B 01 IF 00 LXI B.3I
E40E 09 DAD B
E40F 43 MOV B. E
E410 OE 20 MVI C. 32
E411 3E FF MVI A, OFFH
E4|4 D3 05 OUT CDVR
E4I6 78 LOOP MOV A. B
E4I7 86 ADD M
E4I8 5F MOV E, A
E4I9 IA LDAX D
E4IA D3 04 OUT RDVR
E4IC 2B DCX II

E4ID OD DCR C
E4IF. C2 16 E4 JNZ LOOP
E42I EB XCHG
E422 3A 02 EO LDA COLMN
E42S D3 05 OUT CDVR
E427 FE EF CPI OEFH
K429 CA 3B E4 17. FIRST
E42C 07 RI.C
E42D 32 02 to STA COLMN
E430 68 MOV L. B
MSI 0! 80 00 LXI B. OOSOH
E434 09 DAD B

E43S 22 05 to SHLD BASE
E438 C3 4D E4 JMP END
E43B IE FE FIRST MVI A. OFFH
E*3D 32 o: EO STA COLMN
EJ40 21 00 E5 LXI H. DECDR
E443 22 05 Bt SHLD BASE
F.446 2A 03 EO LHLD COUNT
B449 28 DCX H
E44A 22 03 I SHLD COUNT
t44D El END POP II

E44E Dl POP D
E44F CI POP B
E450 Fl POP PSW
E45] C9 RET

Figure 7b. 8080A Microprocessor Program lhat Decodes a
32 Character ASCII String Prior to Loading into the
REFRESH CONTROLLER

DECODED DATA CONTROLLER
The DECODED DATA CONTROLLER circuit schematic
for a 32 character display is depicted in Figure 8. The
circuit is specifically designed for interface to an 8080A
microprocessor. This circuit is designed to accept and
store in local memory all of the display data for a 32
character HDSP-2000 display 1 1 20 bits:. The micro-
processor loads 160 bytes of display data into the two 1 K x

1 RAM's via the 74165 parallel in, serial out shift register.

Each byte of data represents one columTTof display data.

The counter string automatically generates the proper
address location for each serial bit of data after

initialization by MEM W, the character address, and the

desired column. Once the loading is complete, the

counter sequentially loads and displays each column !224
bits; of data at a 90Hz rate (2MHz input clock ratei. The

timing for this circuit is shown in Figure 9. The software

required to decode a 32 character ASCI I string is shown in

Figure 10. This program decodes the 32 ASCII characters

into 160 bytes of display data which are then stored in the

controller. The program requires about 6.6ms", for a 2MHz
clock, to decode and load the message into the

DECODED DATA CONTROLLER.

RAM CONTROLLER
The RAM CONTROLLER (Figure 11a) is designed to

accept ASCII coded data for storage in a local 128 x 8

RAM. After the microprocessor has loaded the RAM, local

scanning circuitry controls the decoding of the ASCII, the

display data loading, and the column select function. With

minor modification, the circuit can be utilized for up to 128

display characters. The RAM used in this circuit is an
MCM6810P with the Address and Data inputs isolated via

74LS367 tristate buffers. This allows the RAM to be
accessed either by the microprocessor or by the local

electronics. The protocol is arranged such that the

microprocessor always takes precedence over the local

scanning electronics. The "Write" cycle timing for the

RAM CONTROLLER is depicted in Figure 11b. This
circuit, as with the DECODED DATA CONTROLLER,
requires no microprocessor time once the local RAM has
been loaded with the desired data.

DISPLAY PROCESSOR CONTROLLER
The previously mentioned interface techniques provide

only for the display of ASCII coded data. Such important

features as a blinking cursor, editing routines, and
character addressing must be provided by other

subroutines in the microprocessor software. The DIS-
PLAY PROCESSOR CONTROLLER is a system which
utilizes a dedicated 8048 single chip microprocessor to

provide these important features. This controller, as

depicted in Figure 12, is a series of printed circuit board

subsystems available from Hewlett-Packard under the

following part numbers:

HDSP-2470 — Controller with 64 character ASCII to 5 x 7

decoder
HDSP-2471 — Controller with 128 character universal'

ASCII to 5 x 7 decoder
HDSP-2472 — Controller with socket for user supplied

custom coded ROM/PROM/EPROM.

All of the controllers have the following features:

• Choice of character string length:

4-48 characters in increments of four characters

• Four modes of data entry

Left Entry

Right Entry

RAM Entry (< 32 characters only)

Block Entry

• Flashing Cursor— Left Entry Only

• Data Out (< 32 characters only)

• Edit Functions

Clear Display ~|_ RIGHT
Backspace CursorJ ENTRY
Forwardspace Cursor - cmtdy
Insert

Delete
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»! 1 n JL_n__n_
«J

ADDRESS BUS
I

i

DATA BUS zn
MEM*R

"I 1

DATA OUT 74IB6,

RAM DATA IN

RAM ADDRESS

HOW 7 ROWfl ROW* ROW 3 ROW 2 ROW 1

| ioouiaddri
[

ioiomaddr:
j

:oi;::add»;
j

cdqkaddri
|

:iov.;addr:
f

i'hoiiaddr;
|

hiuiaodri
|

ADDRESS BUS DECODING: A, A, Ao
COL 1

1 COL 2
1 COL 3

1 1 COL 4
1 COL 6

A7 Ag An A4 A3

Figure 9. Data Entry Timing tor DECODED DATA CONTROLLER

OBJECT
LOC CODE SOURCE STATEMENTS

B000 DISPL EQU 0B000H
F.500 DECDR BQU 0ES00H

ORG 0E0O0H
EOOO 02 E0 ASCII DW DATA
E002 00 DATA DS 32

ORG 0E4O0H
E400 11 K'8 B0 LOAD LXI D, DISPL+00F8H
E403 OE 20 MVI C,32
E40S 2A 00 bU LOOP1 LHLD ASCII
E40S 7E MOV A, M
E409 23 INX H
E40A 22 00 E0 SHLD ASCII
E40D 26 ES MVI H.DECDR/2S6
E40F 6K MOV L. A
E4I0 06 OS MVI B, 5

E4I2 7E LOOP2 MOV A, M
E413 12 STAX D
E414 13 INX D
E4IS ID MOV A, L
E416 a M ADI 80H
E4II 6F MOV LA
E419 D2 ID E4 JNC LOOP3
E4IC 24 INR H
E4ID 0? LOOPS DCR B
E41E 02 12 E4 JNZ LOOP2
E42I 7B MOV A. E
E422 M OD SUI 13
E424 <h MOV E. A
E42S _L> DCR C
E426 C2 OS E4 JNZ LOOP1
E429 C9 RET

Figure 10. 8080A Microprocessor Program that Decodes i

32 Character ASCII String Prior to Loading Into the
DECODED DATA CONTROLLER

These controllers have been designed to eliminate the

burden of data handling between keyboard, display, and
microprocessor. The product data sheet describes the

technical function of the controllers in detail.

Interfacing the controller to microprocessor systems
depends on the needs of the particular application.

Figures 13a and 13b depict latched interfaces from a

master microprocessor to the HDSP-247X series of

controllers. These interfaces are utilized to avoid having
the master processor wait for the controller to accept data,

In sophisticated systems, It may be desirable to have the

HDSP-247X controller handle all of the keyboard/display
Interface while the microprocessor reads edited messages
from the controller DATA OUT port. This function can be
achieved through the use of peripheral interface adapters

(PIAI available from the microprocessor manufacturers.

Figure 14 depicts a 6800 based system in which data may
enter the display from either a keyboard or a
microprocessor. This interface uses a 6821 PIA con-
figured so that P87 controls whether the microprocessor
or keyboard enters data into the controller. The 6800
program is shown in Figure 15. Subroutine "LOAD" uses
CA1 and CA2 to provide a data entry handshake that

allows the 6800 to load data into the controller as fast as

the controller can accept it. After the prompting message
has been loaded, the microprocessor turns the control of

data entry over to the keyboard. A signal from the

keyboard ;"ER" in the example; sets a flag within the 6821

.

Depending on how the 6821 is configured, the
microprocessor can either test the flag or allow the flag to

automatically interrupt the microprocessor. Subroutine
"READ" would then be used to read the DATA OUT
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RB (8800 on
8060A INTERFACE)

IIZ-M
INTERFACE ONLY)

PARAMETER SYMBOL MIN.

1 WRITE CYCLE twc 390...
'

1 WRITE DELAY lAW 65m
1 CHIP ENABLE TO WRITE lew 65nl

1 DATA SETUP low 220m
1 DATA HOLO <OH 20m

|
WRITE PULSE iwp 310.M

1 WRITE RECOVERY w« 10m

|
CHIP ENABLE HOLO tCH 20ro

Figure 11b. Memory Write Timing lor the HDSP-2000 RAM CONTROLLER

•CS IS A LOGICAL COMBINATION OF HIGH ORDER ADDRESS BITS

THAT DISTINGUISH THE ADDRESS OF THE HDSP 2470/1/2 FROM THE
REST OF THE MICROPROCESSOR SYSTEM

Figure 13. Latched Interface to the HOSP-2470/-2471/-2472 DISPLAY PROCESSOR CONTROLLER
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•1B. M. 32. OR 40 CHARACTER HDSP2O0O D(Sf LAV
BOARD DESIGNEO TO INTERFACE TO THE
HDSF M70/71/72 DISPLAY PROCESSOR CONTROLLER

ER 06 0$ D4 03 D2 Ol Do ST

MICROSWITCHSISWIM KEVSOARO

Figure 14. 6800 Microprocessor Interlace Utilizing 8820 PIA lor an HDSP-2470/-2471/-2472 Alphanumeric Terminal

outputs from the controller into the microprocessor

system. The microprocessor uses the CBi input ot the

6821 PIA to determine when to read each of the 34 data

output words into the system.

A similar PIA interlace for the 8080A microprocessor is

depicted in Figures 16 and 17.

The HDSP-247X series of controllers are programmed to

default to "Left Entry" mode for a 32 character string of

displays. If some other entry mode or string length is

desired, it is necessary to either load the appropriate

control word from the microprocessor or to provide a

control word during POWER ON RESET. The controller

will read the DATA IN lines during RESET and interpret

the contents as the control word. The circuit depicted in

Figure 18 can be utilized to load any desired prepro-

grammed word into the HDSP-247X controller, during

power on.

Under certain operating conditions, it may be desirable to

vary the brightness of displays controlled by the HDSP-
247X controllers. The circuit depicted in Figure 19 may be

utilized to provide manual brightness control of the

display through pulse width modulation. Automatic
control may be achieved by substituting an appropriate

value photoconductor for potentiometer Ri.
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PORT CONFIGURATION:
I PORTA:

PA0-PA7 OUTPUTS TO DATA IN OF HDSP-247X
CAI (INPUT) MODE 00 SET FLAG NEC EDGE OF READY
CA2 (OUTPUT) MODE I00CLEARED MPU READ PRA.SET
NEC EDGE OF READY

I PORTS:
PB0-PB6 INPUTS DATA TO 6800 FROM DATA OUT OF HDSP-247X
CBI (INPUT) MODE 00 SETS FLAG NEG EDGE OF DATA VALID
CB2 (INPUT) MODE 000 SETS FLAG NEG EDGE OF ER KEY
CB2 (INPUT) MODE 001 SETS FLAG NEG EDGE OF ER KEY
CAUSING IRQ

PB7 (OUTPUT) LOW ENABLES PA0-PA7 TO MUX
HIGH ENABLES KEYBOARD TO MUX

LOC OBJECT CODE SOURCE STATEMENT

8008 PRA EQU S800B
8008 DRA EQU Mom
8009 CRA EQU J8O09
800A PRB EQU 5800A
800A DRB EQU 5800A
8008 CRB EQU J800B

ORG MOM
0000 MESSAGE RMB 2

ORG SO 100
0100 STATUS RMB 1

0101 CURSOR RMB 1

0102 DATA RMB

ORG

32

J0400
0400 CB 0100 READ LDX 1. STATUS
0403 M 800A LOOP1 LDA A E, PRB CLEAR CBI ANDCB2
0406 JF CLR B
0407 5C LOOP2 INC B
0408 B*> 800B LDA A E.CRB
040B 2A PA BPL LOOP2 WAIT FOR DATA VALID
040D CI OA CMP B 1. 10
040F 23 F2 BLS LOOP1
0411 C6 21 LDA B 1,33
0413 B6 800A LOOP3 LDA A E.PRB READ AND CLEAR CBI
0416 14 7F AND A I.S7F
0418 A7 00 STA A X.O STORE IN RAM
041A 16 SOOB LOOP4 LDA A E.CRB
041D 2A FB BPL LOOP4 WAIT FOR DATA VALID
04IF Dt INX
0420 SA DEC B
0421 24 FO BNE LOOM READ DATA
0423 Be 800A LDA A E.PRB
0426 84 7F AND A 1. I7F
0428 A7 00 STA A X.O
042A 39 RTS

042B DE 00 LOAD LDX D, MESSGE
042D A6 00 LOOP10 LDA A X.O
042F M INX
0430 II FF CMP A I.JFF LAST WORD IN STRING
0432 17 OD BF.Q ENDL JUMP WHEN DONE
0434 7 8008 STA A E. PRA
0437 70 8008 TST E. PRA CLEAR CAI ANDCA2
043A •6 8009 LOOP 11 LDA A E.CRA
043D 2A FB BPL LOOP11 WAIT
043F 20 EC BRA LOOP 10
0441 DF 00 ENDL STX D, MESSGE
0443 39 RTS

ORG S0S00
OSOO ?F 8009 START CLR E.CRA
0S03 7F SOOB CLR E.CRB
0506 M FF LDA A 1, SFF
0508 7 8008 STA A E. DRA
050B 86 24 LDA A 1. J24
OSOD B7 8009 STA A E.CRA
0510 16 80 LDA A I.S80

0512 B7 800A STA A E, DRB
0515 •6 04 LDA A I.S04
0517 B7 BOOB STA A E.CRB

• PROCEDURE TO LOAD HDSP-247X SYSTEM
05IA OE CLI
05IB 7F SOOA CLR E.PRB DISABLE KEYBD FROM ML>
OSIE ID 042B JSR E. LOAD

• PROCEDURE TO READ DATA OUT OF HDSP-247X SYSTEM
0521 7D 80OA TST E.PRB CLEAR CBI. CB2
0524 86 SO LDA A 1. 580
0526 B7 SOOA STA A E.PRB ENABLE KEYBD TO MUX
0529 86 OC LDA A 1. SOC
042B B7 BOOB STA A E.CRB ENABLE IRQ.
052E OF SEI IRQ CAUSE JSR TO READ

PORT CONFIGURATION:
I PORT A (MODE I OUTPUT):

PA0-PA7 OUTPUTS TO DATA IN OF HDSP-247X
PC7 (OBP) OUTPUT;TO CHIP SELECT
PC6 (ACK) INPUT; TO READY
FLAG PC7 (OBF) CLEARED BY OUTPUT. SET BY READY

2. PORT B (MODE I INPUT):
PB0-PB6 INPUTS DATA FROM DATA OUT OF HDSP-247X
PC2 (STB) INPUT; LOADS DATA ON NEG EDGE OF DATA VALID
FLAG PCO (INTR) CLEARED BY INPUT; SET BY DATA VALID

PC4 OUTPUT. LOW ENABLES PAO-PA7 TO HDSP-247X
HIGH ENABLES KEYBOARD TO HDSP-247X

LOC OBJECT CODE SOURCE STATEMENTS

OOOC PA EQU OCH
OOOD PB EQU ODH
OOOE PC EQU OEH
OOOF CNTRL EQU

ORG

OFH

0EO00H
EOOO 02 EO ASCII DW TEXT
E002 00 TEXT DS

ORG

32

0EI0OH
EIOO 00 STAT DB
EI01 DO ADDR DB
EI02 00 DATA DS

ORG

32

0E4O0H
E400 F3 READ Dl

E40I FS PUSH PSW
E402 E5 PUSH H
E403 C5 PUSH B
E404 OE 20 MV1 C.32
E406 21 00 El LXI H.STAT FIRST WORD
E409 DB OD IN PB CLEAR INTR
E40B 06 00 LOOPI MVI B.O
E40D DB OE LOOP2 IN PC
E40F 04 INR B

E4I0 IF RAR
E4II D2 OD E4 JNC loop: WAIT UNTIL INTR IS SET
E4I4 3E OA MVI A. 10

E416 B8 CMP B

E4I7 DB OD IN PB
E4I9 D2 OB E4 JNC LOOPI WAIT UNTILSTATUS WORD
E4IC 77 LOOP3 MOV M.A STORE IN RAM
E4ID 23 INX H
E4IE ra OE LOOP4 IN PC
E420 IF RAR
E421 D2 IE E4 JNC LOOP4 WAIT UNTIL INTR IS SET
E424 DB OD IN PB
E426 OD OCR c
E427 C2 1C E4 JNZ LOOP3
E42A 77 MOV M.A STORE LAST WORD
E42B CI POP B
E42C El POP H
E42D Fl POP PSW
E42E FB El

E42F C9 RET

E430 2A 00 EO LOAD LHLD ASCII FIRST WORD OF MESSAGE
E433 7E LOOPS MOV A.M
F434 FE FF CPI OFFH CHECK TO SEE IF DONE
E436 CA 45 E4 JZ ENDL
E439 D3 OC OUT PA OUTPUT TO DISPLAY
E43B 23 INX H
E43C DB OE LOOP6 IN PC
E43E 17 RAL
E43F D2 3C E4 JNC LOOP6 WAIT
E442 C3 33 E4 JMP LOOPS NEXT WORD
E445 23 ENDL INX H
E446 22 00 EO SHLD ASCII
E449 C9 RET

E44A IB A? START MVI A.0A7H PA OUTPUT, PB INPUT
E44C D3 OF OUT CNTRL
E44E 3E OC MVI A. OCH CLEARINTEA
E450 D3 OF OUT CNTRL
E4S2 3E OS MVI A.OSH
E454 03 OF OUT CNTRL SET INTE B

• PROCEDURE TO LOAD HDSP-247X SYSTEM
E456 3E 08 MVI A, 08H
E458 D3 OF OUT CNTRL ENABLE A SIDE OF MUX
E4SA CD 30 E4 CALL LOAD

• PROCEDURE TO READ DATA OUT OF HDSP-247X SYSTEM
E45D 3E 09 MVI A. 09H
E45F D3 OF OUT CNTRL ENABLE B SIDE OF MUX
E46I FB El INT MUST CALL READ

Figure 15. 6800 Microprocessor Program thai Interfaces to the

Circuit shown In Figure 14.

Figure 16. 8080A Microprocessor Program that Interlaces to
the Circuit shown In Figure 17.
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Dh

D'„
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DTtT
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m
TI

HDSP-

2416/24/32/40

ALPHANUMERIC
DISPLAY*

COLUMN,

COLUMN;

COLUMNj

COLUMN^

COLUMNs

DISPLAY DATA

Vcc

•16, 24. 32. OR 40 CHARACTER HOSP 2000 DISPLAY
BOARD DESIGNED TO INTERFACE TO THE HDSP-

2470/71/72 DISPLAY PROCESSOR CONTROLLER.

ER D, DB 0, Dj D, D, Dj ST

MICROSWITCH 01SW12-1 KEYBOARD

Figure 17. 8080A Microprocessor Interlace Utilizing an 825S PIA lor an HDSP-2470/-2471/-2472 Alphanumeric Terminal
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01,

01. .

DH-
01.-
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SEL 74LS157

ML 74LS167
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Figure 18. External Circuitry to Load a Control Word Into the
HDSP-2470/-2471/-2472 Alphanumeric System upon Reset

Figure 19. External Circuitry to Vary Luminous Intensity of the

HDSP-2470/-2471/-2472 Alphanumeric Display System

DECODER
ADDRESS
FDR FIG.

7a. Tb. 10

DECODER
ADDRESS HDSP-2471

FOR ROM
FIG. 6 .ADDRESS HEXIDECIMAL DATA

ESOO 0600 080 OS 30 45 70 70 .16 7E 10 GO IE 3E H SO 35 IS 11 COLUMN,

090 10 11 5E n M 78 38 3C 38 SC 38 H 20 12 48 01

QA0 00 M M 14 24 n 36 00 00 00 01 H :: H 00 20

080 3E M a 22 18 27 3C 01 36 OS DO M oo 14 41 06

OCO 3E 7E n 3E 7f 7F 7F 3E 7F 00 20 7F 7F 7F 7F IE

000 7F 3E 7F 28 01 H 87 7F 83 03 El H 03 41 04 40

OCO 00 38 7f 3! 3! 38 08 OS 7F 00 20 CO 78 7C IS

OfO 'C IB M = 3 .4 ic IC 3C 44 04 44 00 00 CC 75 2A

ES80 0680 100 IC ;; ::• SJ 39 44 01 4A 50 04 49 is 30 33 44 S3 COLUMN;

110 75 24 SI 14 44 11 45 43 45 41 42 6J 7E 18 7E 12

120 00 5F 03 7F 2A 13 49 08 00 41 2A M 35 IS 18

130 51 43 11 41 14 41 4A 71 49 49 38 M M 14 22 01

110 41 M 4) 41 41 48 09 41 09 41 40 3.3 40 02 04 41

150 09 41 00 48 01 40 19 20 14 04 51 00 :- 41 02 40

ISO 07 44 48 44 44 M 7E 14 08 44 40 7F 41 04 M 44

170 14 24 N 54 3£ 40 20 40 28 48 84 08 00 41 94 55

EOOO 0700 180 3E 45 ll 11 05 44 28 40 48 OS 49 3 3 20 04 44 55 COLUMN]

ISO 78 76 01 It 48 14 44 42 44 40 40 3A 02 IS 49 7C

IA0 00 00 00 14 7F 08 51 07 3E 3E IC 3E 3) 08 30 08

180 49 7F 48 48 12 48 49 09 49 49 36 38 14 14 14 61

ICO 50 M 48 41 41 48 08 41 08 7F 40 14 40 OC 08 41

IDO 09 II 18 48 7F to 50 It 06 78 49 7F 08 7F 7F 48

IE0 08 44 44 44 44 54 09 54 04 70 44 10 7F 18 04 44

1F0 24 IS M 54 44 40 40 .10 10 30 54 36 n 38 0:7 2A

E680 0710 700 7F 40 23 21 05 .1! 71 49 50 36 49 10 20 73 30 49 COLUMN*

210 08 24 81 14 3C 11 3D 43 45 41 42 IC 02 12 41 12

220 00 H 03 IF 2A M 70 oo 4i oo 2A 00 M M 04

230 45 40 49 40 7F 41 49 OS 49 29 00 00 22 14 SB OS

240 35 ::- 41 41 41 N 09 51 09 41 40 22 so 42 10 41

2S0 09 21 29 49 01 40 18 20 14 04 45 41 10 N 02 40

280 00 3C 44 44 48 M 02 54 04 40 3D 28 44 M 84 44

270 2i 7c 4 84 70 20 40 28 08 4C 41 03 55 14 SS

E700 Mm 280 03 33 45 '0 79 4= 10 30 fO SO 3E 50 IC 32 34 41 COLUMN
s

290 04 IS K 78 40 1! 40 IC 36 3C 38 35 32 M 42 41

2*0 00 CO M 14 II SO 00 OO 00 08 3
= 33 M C3 02

230 3E CO 48 24 10 a 30 03 31 IE 00 33 41 14 00 M
2C0 If 7E 24 22 It 41 01 17 7F 00 3F 41 44 7F IF IE

200 08 sc 48 32 01 3F 07 IF 83 03 43 41 30 M 64 40

2E0 00 40 38 20 7F H 00 3C 71 00 00 44 00 78 78 IS

2F0 18 40 04 70 03 JC IC IC 44 04 44 OO 00 00 Oo 2A

Figure 20. 128 Character ASCII Decoder Table Used by the 8800 Refresh Program In Figure 6, 8080A Relresh Programs In Figures
7a, 7b, and 10, and the HDSP-2471 DISPLAY PROCESSOR CONTROLLER. Decoded 5x7 Display Font is shown in the HDSP-247X
Data Sheet
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HEWLETTM PACKARD

COMPONENTS
APPLICATION NOTE 1002

Consideration of CTR Variations in

Optically Coupled Isolator

Circuit Designs

INTRODUCTION - Optocouplers Aging Problem

A persistent, and sometimes crucial, concern of designers

using optocouplers is that of the current transfer ratio,

CTR, changing with time. The CTR is defined as the ratio

of the output current, IQ , of the optocoupler divided by the

input current, Ip, to the light emitting diode expressed as a

percentage value at a specified input current. The resulting

optocoupler's gain change, ACTR+,with time is referred to

as CTR degradation. This change, or degradation, must be

accounted for if long, functional lifetime of a system is to

be guaranteed.

A number of different sources for this degradation will be

explained in the next section, but numerous studies have

demonstrated that the predominant factor for degradation

is reduction of the total photon flux being emitted from

the LED, which, in turn, reduces the device's CTR. This

degradation occurs to some extent in all optocouplers.

TACTR-CTR
flna|

-CTR
initia|

Causes

(1)

The main cause for CTR degradation is the reduction in

efficiency of the light emitting diode within the opto-

coupler. Its quantum efficiency, t?, defined as the total

photons per electron of input current, decreases with

time at a constant current. The LED current is comprised

primarily of two components, a diffusion current com-

ponent, and a space-charge recombination current:

(2)

l

F
(V F ) - A a

F + B e
F

Diffusion Space-Charge Recombination

where A and B are independent of Vp, q is electron

charge, k is Boltzmann's constant, T is temperature in

degrees Kelvin, and Vp is the forward voltage across

the light emitting diode.

The diffusion current component is the important radiative

current and the non-radiative current is the space-charge

recombination current. Over time, at fixed Vp, the total

current increases through an increase in the value of B.

From another point of view, with fixed total current, if the

space-charge recombination current increases, due to an

increase in the value of B, then the diffusion current, the

radiative component, will decrease. The specific reasons for

this increase in the space-charge recombination current

component with time are not fully understood.

The reduction in light output through an increase in the

proportion of recombination current at a specific Ip is due

to both the junction current density, J. and junction

temperature, Tj. In any particular optocoupler, the emitteri

current density will be a function of not only the required"

current necessary to produce the desired output, but also of

the junction geometry and of the resistivity of both the P

and N regions of the diode. For this reason, it is important

not to operate a coupler at a current in excess of the manu-
facturer's maximum ratings. The junction temperature is

a function of the coupler packaging, power dissipation

and ambient temperature. As with current density, high Ti

will promote a more rapid increase in the proportion of

recombination current.

The junction and IC detector temperature of Hewlett-

Packard optocouplers can be calculated from the following

expressions:

TJ
= TA + JA (VF I

F ) + 9 D .E (V„L + V_I.
cc cc

TD = TA + ('E-D<V F
l

F>
+(>DA<Vo lo

+ V
cc

l

cc>

(3)
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p

where the Tj is the junction temperature of the LED
emitter, Tjj is the junction temperature of the detector

IC, Tj is ambient temperature, and the thermal resistances

are the emitter junction to ambient, flj^ = 370°C/W = 8q^
detector to ambient, and the detector to emitter thermal

resistance is 0p.E
= 170°C/W = flE p. Vp, Ip are the

forward LED voltage and current; V
Q , I are the output

stage voltage, and current and V
cc

, I
cc

are the power

supply voltage and current to the device. In general, il is

desirable to maintain Tj < 125°C.

A useful model can be constructed to describe the basic

optocoupler's parameters which are capable of influencing

the current transfer ratio. The 6N135 optocoupler, Figure 1

is the simplest device and one which is easily accessible for

needed parameter measurements. However, any opto-

coupler can be modeled in this fashion within its linear

region. Figure 1 shows the system block diagram which

yields the relationship of input current, Ip, to output

current, I
Q

. The resulting expression for CTR is:

'o
CTR =— (100%) - K R r?(l

F
.t) /3(1 p.t)

'f

(4)

where K represents the total transmission factor of the

optical path, generally considered a constant as is R, the

responsivity of the photodetector, defined in terms of

electrons of photocurrent per photon, t; is the quantum

efficiency of the emitter defined as the photons emitted per

electron of input current and depends upon the level of

input current, Ip, and upon time. Finally, (3 is the gain of

the output amplifier and is dependent upon Ip, the

photocurrent, and time. Temperature variations would, of

course, cause changes in 17, (3 as well.

From Equation (4), a normalized change in CTR, at

constant Ip, can be expressed as:

(5)

ACTR

CTR

/M +
/*a tm\ j*

W'f Wi F
\amip/t Wi

The first term, A17/77, represents the major contribution to

ACTR due to the relative emitter efficiency change;

generally, over time, At; is negative. This change is strongly

related to the input current level, Ip, as discussed earlier

and more elaboration will be given later. The second term,

(Ar?/Tp)ip (31n(3/31nlp)
t

, represents a second order effect

of a shift, positive or negative, in the operating point of the

output amplifier as the emitter efficiency changes. The

third term, (A/3/(J)ip, is a generally negligible effect which

represents a positive or negative change in the output

transistor gain over time. The parameters K and R are

considered constants in this model.

V

ELECTRICAL CIRCUIT

INPUT 'F >PTOTAL LED
EFFICIENCY

n(l F .t)

'.
,

TRANSMISSION
OF OPTICAL
INTERFACE

K

'•
.

RESPONSIVITY
OF PHOTO-
DETECTOR

R

GAIN OF
OUTPUT
AMPLIFIER

Slip)

'O OUTPUT

CURRENT
—

^

^
CURRENT

.-. I - l F 1 dF.OKROdp)

Figure 1. System Model for an Optocoupler
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Degradation Model

In this section, an extensive test program conducted ax

Hewlett-Packard to characterize the CTR degradation

of optocouplers is discussed. The development which will

follow is mainly of interest to those concerned with

reliability and quality assurance. From the basic data, the

CTR degradation equations will be developed in order to

predict the percentage change in CTR with time. Complete

data and analysis of CTR degradation will be found in an

internal Hewlett-Packard report.

This study is based on a total of 640 optocouplers of the

6N13S type (Figure 1) with 700nm GaAs ?P 3 LEDs

from twenty different epitaxial growth lots representing a

range of n-type doping and radiance. The 6N135 allows

access to measurement of the emitter degradation via the

relative percentage change in photodiode current. AIp/Ip,

as well as output amplifier change. Stress currents of

Ipg =
-6. 7.5, 25 and 40 mA were applied to different

groups of optocouplers, and at each measurement time of

t = 0, 24, 168, 1000, 2000, 4000 and 10,000 hours,

measurement currents of Ip^j = .5, 1.6, 7.5, 25 and 40 mA
were used to determine the CTR.

The important results to be noted are the following. First, a

factor of major significance in the study of CTR
degradation is the ACTR varies as a function of the ratio of

'FS^FM ~ **• ^-"-"&e vlues of R will result in greater CTR
degradation than at lower R values with the same

magnitude of Ips . However, knowledge of the ratio of

'pg/'pM alone does not give a complete picture of

degradation because ACTR is also dependent upon the

absolute magnitude of the stress current, llpgl- The

following data will allow the derivation of the necessary

equations with which to predict ACTR as a function of

Ipg. 'fm and time.

Figure 2 displays the mean and mean plus 2o values

of emitter degradation versus R for IK, 4K, and I0K hours

at 25°C. Accelerated degradation can be seen at larger R
values.

The data of Figure 2 can be replotted to illustrate the

percentage degradation versus time as a function of R.

Figure 3 illustrates the mean and mean plus 2ct distribution

with R = 1 and 50.

From this curve, a useful expression which relates the

average degradation in emitter efficiency to time is

obtained for the mean or mean plus 2o distributions. [The

symbol "D" will refer to CTR degradation due solely to

emitter degradation, At;/?}, whereas ACTR/CTR will refer

to total CTR degradation as expressed in Equation

(5)].

(6)

-Alp

Dx orDx- + 20
s - A Rat

n < R
> forl FS -l FS i„%

'p

where t is in 10 hours and A
Q
and a differ for mean or

mean plus 2o. Equation (6) represents an average

degradation corresponding to a specific R, t, and an average

stress current Ipg. A knowledge of Ipg and the actual

device operating stress Ipg can be utilized to correct D to

reflect the absolute magnitude of Ipg. This will be shown in

the development of-Equations (11) and (13). The data

shows that Ipg increases with R and can be represented as

follows:

lp
S
(R) = 14.13 + 9.06 log

1Q
R , TA =25°C

TFS(R) - 10.5 + 5.76 log
1QR , TA - 85°C

(7)

(8)

15-

50 10O

Figure 2. Emitter Degradation vs. R (Ratio of Stress Current to Measurement Current) for 1k, 4k, and 10k Hours,
Mean, Mean +2o Distribution, Ta = 25°C.
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Figure 3. Degradation vs. Time at R 1 and R = 50 for Mean, Mean + 2a Distributions, Ta 25°C.

These equations are obtained from averaged degradation

data versus Ipc at different measurement times.

The expression for n(R) was found to obey the relationship

n(R) = .0475 log
10 R +.25 (9)

A„ and a were determined from degradation data versus R
and are found in Figure 7, "Matrix of Coefficients."

Equation (6) gives _a_ direct relationship between the

average degradation, D, and time. As mentioned earlier,

the magnitude of the stress current also determines the

amount of degradation. In order to allow for the effect

I

of II pel, empirical observations were made on D at

different Ipc and at different times for several values of R.

The dependence of degradation on stress current is linear

up to Ipg = 40 mA, for all values of R. From these

observations, the average rate of change, or slope, S(R,t), of

degradation D with Ipc over time was found to behave in

the following fashion for any R:

3D
S = = a(R) log

1Q
t +(3(R) %/mA

31

(10)

FS

where t is in 10
3

hours, the coefficients a(R) and (3(R) can

be found on Figure 7.

Along with Equation (10), the mean distribution

degradation, D—, can be estimated for any specific stress

current, Ipc, ratio R, and time t via the subsequent

expression:

d5- d
x
+ S I'fS-'f8' % (11)

or substituting Equation (6),

D-- A Ra t
n < R > + S[l FS

-7
FS] % (12)

where, again D
x

units of 10 hours, corresponding to a

is the average degradation at time t, in

stress current,

Ipc, given by Equations (7) and (8); Ipc is the actual stress

current and R = Ips/IpM ; " is "* exPiess 'on 00) f°r H"
change of slope of D versus Ipc with time; n(R) is a power

of t, given by Equation (9), and A ,a are found in Figure 7.

Equation (12) gives the mean distribution degradation

by using a degradation value, D (first term), corresponding

to the ratio of Ipc/Ipy, or a stress current, Ipc, and then

applying a correction quantity (second term) to D due to

the magnitude of the actual stress current, Ipc, yielding the

actual degradation D.

The expression for the mean + 2a distribution degradation,

Djj + 20. (worst case) is almost of the same form as

Equation (12). The dissimilarity arises from the fact

that the standard deviation, o, is dependent upon the stress

current, Ipc, the ratio R, and upon time. This complex

dependency was analytically deduced from the data to be

the following expression:

or substituting Equation (6)

(13)

D
x 2a

" A RV(R
» [S + 2P] [l FS

- l FS] (14)

where D- + ,_ is the degradation for x + 2a distribution

corresponding to the stress current Ipg, Equations (7)
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and (8). AQ and a are found in Figure 7 under the X"+ lo

category. S [Equation (10)] represents the slope to correct

for actual Ipg versus Tpg current levels, and P [Equation

(15)] is the new term which is a slope to correct for the a
variation with IFS , R and t. The coefficients t(R), S(R) in

P are found in Figure 7.

P - 7<R>log
10t + 6(R) %/mA

where t is in 10 hours.

(15)

The degradation Equations (11) and (13) are considered

accurate for the ranges of Ipg < 40 mA and R < 20;
outside this range, the model does not predict degradation

as well. Hence, check to see if Ipg and R satisfy the

above conditions. If Ipg or R exceed these limits,

predition of D will be, in general, greater than the

actual degradation due to large values for S and P which do
not reflect actual S and P. If Ipg is approximately equal to

the actual Ipg, then the second term in the degradation

equations need not be determined. Otherwise, the second

term needs to be determined to obtain true emitter

degradation, D. If Ipg < Ipg.jhen the degradation, D, will

be less than the degradation, D, corresponding to Ipg, and

vice versa when Ipg > Ipg. A quick and coarse estimate for

degradation D can be obtained by using D = A Rat"W for

a specific R with approximate values for a * 0.4 and

n«0.3. Figure 4 represents plots of Equations (11) and

(13) for R = 1 and Ips = 1.6, 6.3, and 16mA at both

Ta = 2S°C and Ta = 85°C. These plots are very useful in

making a quick approximation of D for the specific condi-

tions for which the plots have been made. These condi-

tions represent the recommended operating conditions for

the three HP optocoupler families.

This discussion of reliability data and its interpretation with

model equations is qualified to specific optocouplers,

6N135 and 6N138, where continuous LED operation was

maintained, and extrapolation of data for times beyond
10,000 hours is assumed to be valid. Different types of

LEDs or preparation processes may produce different

results than those presented in this section. These
expressions only incorporate the first order effect, emitter

degradation A7?/n, whereas comments about higher order

effects upon total CTR degradation will be given in the

following section. With these expressions for degradation,

accelerated testing may be accomplished by employing

large values of R. Such testing can provide a means by
which to determine acceptable emitter lots for optocoupler

fabrication, acceptable degradation performed for lot sel-

ection, or predict functional lifetime expectance for

optocouplers under specific operational conditions.

An important point to note is that the total operational life

of an optocoupler is greater than the worst case mean plus

2o distribution implies. Specifically, the worst case

degradation given in Figures 4a (25°C) and 4b (85°C)
are for the continuous operation of the 6N135 optocoupler.

The actual lifetime for an optocoupler is greater than

Figures 4a and 4b would indicate since the majority of

units will be centered around the mean distribution lifetime.

Secondly, the optocoupler which is operated at some
signal duty factor less than 100%, for example 50%, would
increase the optocoupler's life by a factor of two. Third,

.

the fact that an optocoupler is used within equipment \

which may have a typical 2000 hours per year (8 hours/day

- 5 days/week - 50 weeks/year) instrument or system
operating time, could expect to increase the optocoupler's

life by another factor of 4.4 in terms of years of useful life.

Figure 4. Calculated Curves of Relative Emitter Efficiency

vs. Time for P - 1 : I FS = 'FM = 1 -6, 6.3, and
16mA which are Recommended lp for 6N138,
6N137, and 6N135 Optocouplers Respectively.

Mean, Mean + 2o Distributions, a) Tft = 25°C,

b) TA - 85°C.
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The appropriate operating time considerations will vary

depending upon the designer's knowledge of the system

in which the optocoupler will be used. The operating life-

time of an optocoupler can be expressed, for a maximum
allowable degradation at a particular Ipg, by using Figures

4a and 4b for tcontinuous lifetime and the following

expression:

gain is (3 = 26,000; hence, 31np731nl
p
* -0.25. If, for

instance, the emitter degradation Arj/r? is -10%, then

the second order term would improve the overall CTR
degradation, i.e.,

(17 »

ACTR /ArX ArA/dlrtfX^"wfe + ---10%+2 -5% = -7 -5%

(16)

continuous

lifetime

system

lifetime

Data Duty

Factor

System Use

Data Factor

Another equally important point to observe is that of the

worst case conditions under which the optocoupler is used.

As will be illustrated in the design examples, the worst

possible combination of variations in V j, V ,, R.

CTR, RL , 1,^, and temperature still result in the opto-

coupler functioning over an extended length of time

(10 hours) for a particular maximum allowable degra-

dation. However, the likelihood of seven parameters all

deviating in their worst directions at the same time is

extremely remote. A thorough statistical error accumu-

lation analysis would illustrate that this worst-worst case is

not a representative situation from which to design.

Higher Order Effects

The first order effect of emitter degradation, A7)/r), has a

pronounced influence upon the ACTR as explained in

the previous sections; however, consideration of higher

order effects is important as well.

Consider the second term in Equation (5) (At)/t))If

(3In/3/3InIp)t, the emitter degradation part has been

explained; however, (3In;3/3InIp)t represents a shift in

the operating point of the output amplifier of an opto-

coupler. The term (31n0/31nlp) can be rewritten as

(l/2.3(3)(3(3/31ogjQlp) which is more convenient to use

.with the accompanying typical curves of (3 versus log, glp

'for the two optocouplers 6N135 and 6N138, given in

Figure 5a.

If the operating photocurrent, Ip, is to the right of the

maximum point of either curve, then with reduced

emitter efficiency over time, Ip will decrease, but the

increasing (3 will tend to compensate for this degradation.

However, if the operating Ip is to the left of the maximum
and then Ip decreases, the (3 change will accentuate the

emitter's degradation, yielding a larger CTR loss. The

magnitude of the contributions of 31n/3/31nIp to overall

CTR degradation can be illustrated by the following

examples.

Consider a 6N138 optocoupler of Figure 5c operating

at its recommended Ip = 1.6 mA which corresponds to

an Ip = 1.6/iA. (An Ip to Ip relationship for Hewlett-

Packard optocouplers is I mA input current yields ap-

proximately 1/iA of photodiode current.) At Ip = 1.6/iA,

the slope of the V^g = 5V curve is equal to -15,000 and the

This improvement is what was expected while operating on
the right side of the (3 maximum. In fact, with an Ip = 4 mA
or Ip « 4/iA, the term 31n/3/3lnIp

= -0.8, and again, if

Arj/r,= -10%, the resulting ACTR/CTR = -2%, nearly

cancelling the emitter's degradation.

. 30.000

I, - PHOTOCURRENT -«A

a

TYPE 6N13B
TYPICAL l F

= 16 mA
TYPICAL CTR 20%

2 "
ANODE o =

6
-ov„

t.

8

J -t"~7Z

I*

—<
TYPE 6N138
TYPICAL Ip - 16 mA
TYPICAL CTR - 600%

b<
6
-OGND

Figure 5. a) DC Current Gain. j3, vs. Photocurrent, Ip, for

6N135 and 6N138 Optocouplers. Current Dia-

grams and Typical Values of I p and CTR for

Hewlett-Packard Optocouplers, b) 6N135,

c) 6N138.
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With the 6N135 oplocoupler, Figure 5b operating at

!p = 10 mA, or Ip
* 10/jA, which corresponds to the

maximum /3 point on the V^g = .4V curve, the slope is zero

and the total CTR degradation is basically the emitter's

degradation.

Another subtle effect is seen from the third term in

Equation (5), (A0/£)lp, over time. At constant Ip, (3

can increase or decrease by a few percent over 10,000

hours. This change is so small that the third term is generally

neglected.

For the optocouplers containing an output amplifier, such

as the 6N137, which switches abruptly about a particular

threshold input current, the actual emitter degradation can

be determined from Equations (11) and (13). An appro-

priate
iFjnjtial

can ^e determined to provide for ade-

quate guard band current which will allow the opto-

coupler emitter to degrade while maintaining sufficient

Ip to switch the amplifier. An actual design procedure to

determine the needed lFjn jiial
f°r P r°Per operation of

Hewlett-Packard optocouplers is given in the design

examples section.
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MATRIX OF COEFFICIENTS

Ip - PMOTOCUHHENT - ^A

a

TYPE 6N137

Typical l
F

» 6.3 mA

Typical CTR = 700%

26° C 86*C

X X»2o
X X»2o

R<6 6«R R<8 8«R

A, 4.96 9.7 6.8 5.0 16.0 11.0

» .366 .428 .302 .467 .264 .430

2b'

C

85°c

R<1 R> 1 R<1 11 .. l

o(R) ,052
.19 R .19 R

32
.32 R °8 .32 R

30

«(R) .066 066 R
M .11 R-25 .11 R*

25"C 85-C

TW> .063 R*> .154 R-26

SIR) m»M .196 R-M

Figure 7. Matrix of Coefficients.

Figure 6. a) Output Current, lo, vs. Photocurrent, Ip, for

6N137 Optocoupler.

b) Circuit Diagram and Typical Values of If and

CTR for 6N137 Optocoupler.
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Procedure for Calculation of CTR Degradation

1. Specifyl FS,l FM

2. Determine R= WfM* 20

l

FS
<40mA

3. First Approximation of Degradation

Dx
or

x + 2o

- AQR"t" (%)

Degradation Model Equations (11) and (13) Valid

with a = .4, A (Figure 7)

n =» .3, t in 103 hours

(D corresponds to lp§)

4. Calculate

5. Calculate

6. Calculate

7. Calculate

'FS

14.13 + 9.06 log
1Q
R @ 25°C Equation (7)

10.5 + 5.76 log
10
R @ 85°C Equation (8)

" 'fs * 'FS'
^tep 6 and ,he jecont

'
,erm* in

Equations (11) and (13) do not need to be calculated.

n(R) - .0475 log, R + .25

S - a(R)log
1o

t + 0(R) a(R),0(R)

P - 7(R)log
10

t + 6(R) 7<R).«(R)

Mean, Mean + 2o Degradation

Dy- A RQ«
n<R, *S( lcs -l FS ]

Figure 7

t in 10
J
hours

°x + 2o
A„RV|R|

+ (S + 2P] ll FS -l FS )

%

%

Equation (11)

Equation (13)

(AQ, a via Figure 7, t in 10 hours)

8 For Second Order Effect, Determine Slope

Ping 1 30

dlnlp 2.30 dlog
10

l p

Figure 5a - typical curves with an approximation

for HP optocouplers of l

p
= 1 mA yields l

p
m 1uA

9a. Total CTR Degradation for Mean Distribution

ACTR

CTR

dlnfi

D-+D-
x x

dlnlD

9b. Total CTR Degradation for Mean + la Distribution

ACTR

CTR
D
x + 2o

+ D
x + 2o

3ln0

dlnlD
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Practical Application

A very common application of an optocoupler is to

function as the interfacing element between digital logic.

In this section, the designer will be shown an approach

which will insure the initial and long term performance

of such an interface, and take into account the practical

aspects of the system that surrounds it. These system

elements include the data rate, the logic families being

interfaced, the variations of the power supply, the

tolerances of the components used, the operational

temperature range, and lastly the expected lifetime of the

system.

*-***>-•

LOGICAL FUNCTION: A-i IFIq > U - l
|L

. THIN OUTPUT

TRANSISTOR WILL IE IN

SATURATION

Figure 8. Typical Digital Interface Using an Optocoupler.

The system data speed can be considered as the primary

selection criteria for selecting a specific optocoupler family.

Figure 9 lists the ranges of data rates for four Hewlett-

Packard optocoupler families when driven at specified

LED input current, lp. With this table, and the know-
ledge of the system data rate requirements, it is pos-

sible to select an optimum coupler.

An example of an optocoupler interconnecting two logic

gates is shown in Figure 8. A logic low level is insured

when the saturated output sinking current, Iq, is greater

than the combined sourcing currents of the pull-up resistor,

and the logic low input current, Iii , of the interconnecting

gate. Using the coupler specifications selected from Figure

9 and the corresponding CTR (MIN) from Figure 10,

F(MIN)

F (MAX)

'cd (MIN)- VF(MAX) _VOL
R
in (MAX)

V
cc1 (MAX) " VF (MIN) - VOL

R;
in (MIN)

l x 100

CTR(MIN)

Vcc1- VF- VOL

(18)

(19)

(20)

(21)

FAMILY
NRZ DATA
RATE BITS/S

INPUT CURRENT- \

f

1.6mA 7.5mA 10mA

SINGLE „„„„
TRANSISTOR

333k

6N 138/9 „„,&.
SPLIT utww IT-

DARLINGTON TYP 200k

MQOlfT

4N45/6 oTHooifT

DARLINGTON rr

MIN

640

6N137

OPTICALLY **"9
COUPLED ""*
GATE I

MIN

1.8k

6.7M

Figure 9. Figure 13.5-2. Optocoupler Data Rates Specifications.
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FAMILY
%CTROI

F
(mAI

TEMP
°C

VOL

.5 1.0 1.6 5 10 16

SINGLE
TRANSISTOR

6N135 7 25 0.4

6N13E 19

SPLIT
DARLINGTON

6N138 300 0-70 0.4

6N139 400 500 0-70 0.4

DARLINGTON
4N45 250 200 0-70 1.0

4N46 3S0 SOO 200 0-70 1.0

OPTICALLY
COUPLED
GATE

8N137 400 0-70 0.6

Figure 10. Optocoupler CTR (MIN).

it is possible to determine from Equation (20) the

minimum initial value of Ip for the coupler. The design

criteria is that Iq > !,,_ + Ig for the Vj^ specified in Figure

choosing a value of Rj_ which is consistent with

'o(MIN) _m'lL
at tne end °^ svstenl '"*• Equation

(22) describes this worst case calculation.

(22)

Using Equation (21), the typical value of Rip can be

calculated for the selected Ip and the logic low output

voltage, Vqj_, of the driving gate. The Vq^ of the logic

family is given in Figure 11. The next step is to de-

termine the worst case value of the LED input current,

Ip, resulting from the tolerance variations of the LED
current limiting resistor, Rm , and the power supply voltage,

V
cc |. The conditions of IpfMIN) ancl me initial

CTR (MIN) are then used to determine fhe initial worst case

value of Iq(mimv Conversely, the worst case CTR
degradation will occur when the LED is stressed at

'f(MAX) con ditions; thus, Ip (MAX) will be used to

determine the worst case degradation of the optocoupler

performance. Using the maximum V , and the minimum
R
jn

will accomplish this worst case calculation, as shown in

Equation (19).

TTL FAMILY
'lL

V
IL 'lH

V
IH 'oi

vOL 'oh V0H

74$ -3 mA JV 60 UA 2V 20 mA .BV -1000 JiA 2.7V

74M -2 mA .IV 60 »A 2V 20 mA .4V - 5O0».A 2.4V

74 -1.6 mA 6V 10 uA 2V 16 mA .4V - 400 lA 2.4V

74 LS -.36 mA 8V 20 jiA 2V
|

6 mA .5V - .100 -A 2.7V

74L -.16mA .7V 10. A 2V 3.6 mA ,4V - 200 (.A 2,4V

Figure 11. Logic Interface Parameters.

The change in CTR from the initial value at time t = to a

final value at some later time can be compensated by

'L (MIN)

'f(MIN)

V
cc2 (MAX) " VOL

•CTR(MIN)-1

100
»[)- m.

IL
]

D
x + 2

worst case CTR degradation

The selection of the maximum value of Rj_ is also of

important in that its value insures that the collector is

pulled up to the logic one voltage conditions, Vj^j, under

the conditions of maximum Iqu of the coupler, and the

[ju of the interconnecting gate.

(23)

<L(MAX)

Vcc2(MIN)~ VIH

'OH(MAX) + ml
IH

The selection of the value of Rj_ between the boundaries of

Rj_ (MIN)'
ant* ^L (MAX) nas certain Wd« offs. As in any

open collector logic system, Tpi o increases with increasing

Rj^. Conversely, as Rj_ is increased above Rlmjm. a larger

guardband between IoMIN and
'lL

+
*R is achieved.

Engineering judgement should be employed here to achieve

the optimum trade off for desired performance.
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Using the coefficient Figure 7 and Equations (1 1) and

(13), the following examples are developed to demon-

strate the methods of optocoupler system design in the

presence of the mean and mean plus two sigma CTR
degradation.

Example 1.

System Specifications

Data Rate

Logic Family

Power Supply 1 & 2

Component Tolerances

Temperature Range

Expected System Lifetime

20 k bit NRZ
Standard TTL
5V±S
±5%
0-70°C
350 k hr (40 yr) at 50%
system use time and

50% Data Duty Factor

F (MINI

4.75 -1.7 -.4

189012

1.4 mA

Step 3. I F (MAX)

V
cc1 (MAX) ~ VF (MINI

_ VOL
F (MAX)

'F (MAX)

Bin(MIN)

5.25 -1.4 -.4

1710S2
= 2.02 mA

(26)

Step 4. Determine continuous operation time for LED

emitter.

Interface Specifications

Coupler 6N 1 39

CTR(MIN) = 500% @IF = 1.6 mA
VOL(MAX)

=
-4V @'F= 1* "A

'OH (MAX) = 250mA @Vcc2
= 7V

VF(MAX) = 1.7V«Ip- 1.6 mA
VF(MIN) = 1-4V @1F

= 1.6 mA
VF(TYP)

= '-6V@i F = 1.6 mA

Logic Standard TTL

ML = 1.6 mA
V,L = .8V

Iqi 16 mA

Mh
VIH

= 40//A

= 2V

"OL .4V
'oh

= 40°MA
VQH =2.4V

Step 1. R
jn (TYp)

V
cc1

_ V
F (TYP) ~ VOL

Mil

F (TYP)

(24)

5.0 -1.6 -.4
P.: = -— = 1.87kf2, select 1.8kn ±5%
'" 1.6 x10"3 R _ 1710OR(MIN)

- 1710"
R(MAX)" 1890n

Step 2. IF(MAX)

V
cc1 (MIN) " VF (MAX) - VOL (2B)

F(MIN) R
in (MAX)

continuous

lifetime

continuous

system

lifetime

DataD
Factor ']['

uty I System Use

Duty Factor

= (40 yr x 8.76 k hr/yr)(50%)(50%)

= 87.60K hr

lifetime

Step 5. Obtain the mean and mean + 2o CTR
degradation at l

p (MAx)
""*

'continuous lifetime
either as an

approximation from Figure 4 or by

calculations as shown below.

Step 5a. Determine D-

D- = A f25 + S(I FS -TFS]

.25

(27)

Dx " 495t
(k hr)

+ f"186 ** Mk hr)
+ 0B51

['F(MAX)- 14 -13mAl

Dj = 4.95 (87.6)-
25 + (.186 log 87.6 + .055)

(2.02 mA - 14.13 mA)

D- - 10.10% for 40 yr system operation

Step 5b. Determine D + >

°x + 2o- Aor
25 + [S + 2P] [l FS

+7
FS] (28)

°x + 2a " 97
«(k hr)"'

5 +
t2 <°63 'o« Mk hr)

+ 081 >
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+ (.186 log t
(k hr)

+ .055)]

* [lF(MAX)- 14 -13mA >

D- + 2o
= 9.7 (87.6)

25 + [2 (.063 log 87.6 + .081

)

+ (.186 log 87.6 + .055)1

x [2.02 mA -14.13 mA]

Dx + 2a" »*'*

Step 6. Guardband the worst case value of CTR
degradation.

Il is often desirable to add some additional operating

margin over and above conditions dictated by simple worst

case analysis. The use of engineering judgement to increase

the worst possible CTR degradation by an additional 5%

margin would insure that the entire distribution would fall

within the analysis. Thus,

DJ + 2o
+ 5% = 24.71%

Step 7. Selecting R, (iwiim) for guardbanded worst case

, m = 1Dx + 2o
+ 5%

R L(MIN) *

(22)

V
cc2 (MAX)

- VOL

l F(MIN)' CTR (MIN)"
1_

TOO
-

Dx+2a + 5%

i
1PJL -ml

IL

R L(MIN)

5.25 - .4

1.4 x 10'3 -500% • 1 -(24-71%
V 100 '-1 1.6 mA

TOD

R L(MIN) * wan

Step 8. Select R L (MAX)

Vcc2(MAX) _VOL (29)

R L (MAX)
**

RL(MAX) <

lOH(MAX) + ml
IH

4.75 - 2.4

250mA + 40mA
8.1k

The range of RL is from 1 .32kH to 8 . 1 kn. 1 1 is desirable to

select a pull-up resistor which optimizes both speed

performance and additional Iq guardband. This criteria

leads to a tradeoff between a value close to Rj_ ngnn for

speed performance and one bordering near RLfMAX) f°r

Iq guardbanding. In this design example, the system's

lifetime has a higher priority than does the moderate speed

performance demanded from the optocoupler. An Ri of

3.3kn ± 5% is selected under this condition.

An additional guardband of 5% was added to the worst case

D- + 2
CTR degradation guardband to insure that even a

greater percentage of the distribution would be accounted

for. The actual percentage difference between Iq[_ (MAX)
and Iq /unn at the end of system life is shown below:

(30)

CTR,(MIN) -'f (MIN)
1-

D-
x + 2o

100

O(MIN) 100

(31)

OL (MAX)

V
cc2 (MAX) " VOL

RL (TYP - 5%)

+ m|l IL 1

% Guardband 1 -
OL (MAX)

W
X 100

'O(MIN)

For the example shown, the additional end of system life

Iq guardband results from the selection of an Ri greater

than the Rj_ n/ii^f) as shown in Steps 9,10, and 1 1

.

Step 9. Iq
(M | N )

at end of system life

500% -1.4 mA (1 -

O(MIN)

19.17%

100
5.65 mA

100

Step 10. I0L ,MAX) for worst case of l R (MAX) + l,
L

(33)

5.25 - .4

'OL (MAX) "
3 13kn

Step 11. % Guardband

3.14 mA

+ 1.6 mA = 3.14 mA

% 1

5.65 mA
100 44.4% (34)

425



Thus, this circuit interface design offers an additional

44.4% Iq guardband beyond the 19.71% required to

compensate for the CTR change caused by 86.7k hr of

continuous operation at an lp /^AX) of 2 mA. This extra

guardband results from having chosen an RL
= 3.3k rather

than the lowest allowable value of Ri plus the engineering

guardband chosen in Step 6.

Example 2.

System Specifications

Data Rate

Logic Family

Power Supply 1 and 2

Component Tolerance

Temperature Range

Expected System Lifetime

Interface Conditions

250K bit NRZ
TTL to LSTTL
5V±S%
±5%
2S°C

175khr(20yr)at

50% System Use Time

and 50% Data Duty

Factor

Coupler 6N136

CHIMIN) = 19% @ IF
= 16 mA

VOL
'oh
VF(TYP)
VF(MIN)
VF(MAX)

.4V

500 nA 8 V
cc2

= 5.0V

= 1.6V @ IF
= 16 mA

- 1.5V @ lp = 16 mA
= 1.7V @ Ic = 16 mA

Logic LSTTL

'IL
V
IL

= .36 mA
= .8V

= 8 mA

I,H = 40M'1H

'IH
= 2V

OL
OL

IQH = 400mA
VQH = 2.7V

Again using Figure 7, the data rate dictates the use of

a 6N136 at an lp (Typ) °f '6 mA. Using the same 12 step

worst case analysis, it is possible to determine the values of

Rjjj, Rj_ and the degree of guardbanding of Iq at end of

system lifetime.

Step 1. R
jn

- 187J2, select 180fi ± 5%
R L (MINI " 179"
RUMAX> " 189"

Step 2. IF(M |N )
" 14.02mA

S,e? 3
- 'F(MAX)" 19mA

D- - 14.5%

D- + 2o -28.5%

Step 4. System Lifetime

t - 43.8k hr

Step 5. D
5f
indD-+2o forlF(MAX) of19mA

by calculation or from Figure 4

43.8k hr

continuous lifetime

Step 6. Engineering Guardband of 5%,

D
x- + 2a

+ 5% = 33 -5%

Step 7. Rj_ selection with guardbanding of Dx + 2o
* 5%

RL(MIN) = 3.44k«

Step 8. rl(MAX)
= 50k^

Step 9. R
L (TYp)

- 5.1kn ± 5%. R
L (TYp _ 5%)

-4.84kn,RL<MAX+5%)

- 5.35kfi

Step 10. End of System Life Iq
|M | N j

'o(MIN) " 1 -5mA

"»*• 'OL(MAX) " 136 'nA

Step 12. Engineering % Guardband of Iq (jyu^v " 9.3%

Example 3.

If a particular design requirements specifies a maximumi
tolerable degradation over a system lifetime, the optimum"
value of If(TYP) can be obtained from Figure 12.

For example, if a maximum acceptable degradation,

D^ + 2a , is 40%, and a continuous operation of 400k hr is

desired, this curve specifies that lp rrw\ should be less

than or equal to 10 mA. A 400k hr continuous operation

with 100% system duty factor as might be encountered in

telephone switching equipment is equivalent to 45 years of

system lifetime.

If a 6N139 split Darlington were used to interface an

LSTTL logic gate with the system specifications stated, a

collector pull-up resistor of as low as 16012 could be used.

If an Rj_ of Ik were selected, this optocoupler would
offer an additional end of life guardband of 81.8%. This

worst case analysis points out that with the knowledge of

selecting proper values of R^, the CTR performance of the
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Figure 12. Stress Current (lpg ) vs. Time vs. % Degradation.

coupler far exceeds the normal MTBF requirements for

most commercial electronic systems.

Consideration of the Optically Coupled Gate

System data speed requirements in the multi-megabit range

can also be communicated through an optocoupler. The

first three coupler families listed in Figure 9 are not

^applicable in these very high speed data interface appli-

* cations; however, the optically coupled gate, 6N137, will

function to speeds of up to 10 MHz, This type of coupler

differs in operation from the single transistor and

Darlington style units in that it exhibits a non-linear

transfer relationship of lp to Iq. This is shown in Figure

13. The relationship is described as a minimum thres-

hold of LED input current, Ipth which is required to

cause the output transistor to sink the current supplied by

the pull-up resistor and interconnected gate. As the LED
degrades, the effect is that a larger value of lp

th is required

to create the same detector photodiode current necessary

to switch the output gate.

In the previous interface examples, the worst case analysis

and guardbanding is based on the output collector current,

Iq. With the optically coupled gale, worst case guard-

banding is concerned with the selection of the initial value

of the lp, which at end of system lifetime will generate the

necessary threshold photocurrenl demanded by the gate's

amplifier to change state.

S >

1

V(x - B.9V

\
A-'

)

—

P 8

t
F
- INPUT DIODE FORWARD CURRENT -mA

OUT

Figure 13. 6N137 Input - Output Characteristics.
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The calculation of the required Ip to allow for worst case

LED degradation is approached by guardbanding the

guaranteed minimum isolator input current, lp^, for a

specified Iol and Vol interface. Equation (35) shows

the relationship of the Ip to Ip for this coupler.

lpQ(l F )

n
.where 1.1 < n < 1.3 (35)

Using the concept that the guardbanding of the initial value

of Ip will result in a similarly guardbanded Ip. the

relationship presented in Equation (36) results:

1 —
D
x + 2o

100

'PH

- "P-

i n n
'fh

- 'F -

(36)

Step 2. Calculate the worst case LED degradation

•x + 2o 9.7 t
(khr)

.25

.25Dx + 2c * 9-7 (50.3)

Dx + 2o = 26%

Step 3. Calculate the first approximation of guardbanded

Ip, n-1.2

lc

FH

,
<
~D

x + 2 >

100

1/n

5 mA

.78
6.41 mA

'FH

L 100

(37)

The previous interface example showed that the first term

of the D
x + 2 equation dominated the magnitude of the

worst case degradation. This term, A Ra t

n^ ', i.e.,

(9.7 t/^
nr )

). does not contain an Ip current dependent

term; thus, an approximation of the worst case LED
degradation can be made that relates to the system's

lifetime. This initial value of D + 9,, can be used in

Equation (37) to calculate the initial value of the I p.

With this initial If, a more accurate degradation value

can be calculated using Equation (28). This procedure

results in an iterative process to zero in on a value of Ip

that will insure reliable operation.

The following example will illustrate this approach.

Example 4.

System Specifications

Data Rate

Logic Family

Power Supply 1 and 2

Component Tolerance

Temperature Range

Expected System Lifetime

6 MH/. NRZ
LSTTL to TTL
5V±S%
±5%
- 70°C

203k hr (23 yr) at 50%
System Use Time and

50% Data Duty Factor

Step 1. Determine the continuous operation time for

LED emitter

Step 4. Calculate input resistor R.

Rin<

V
cc1 (MINI

_ V
F (MAX)

_ VOL

R:_ <•
4.75- 1.7 -.4

.00641

R
in
< 413S2 select' R

jn
- 390.Q ± 5%

Rin (MAX)

R
in (MAX)

= 409n

R
in (MIN) " 370fJ

Step 5. Calculate the Ip (max)

F (MAX)

Vcd (MAX) ~ VF (MIN) " VOL

Rin(MIN)

'F
=

5.25 -1.4 -.4

370

Ip = 9.32 mA

'continuous

lifetime

system

lifetime

Data Duty

Factor

System Use

Factor

[23 yr 8.76k hr/yrl [50%] [50%]

50.3k hr

Step 6. Calculate the worst case D- + ,„ for l p #MAX i

Dx + 2o
= 25.8% + .747 (9.32 mA -14.13 mA)

Dx + 2
= 22 -2%
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Step 7. Calculate the new minimum required l p at end
of life based on degradation found in Step 6.

'FH

(EOL)
1 - 22.2 1/1.2 .81

= 6.16 mA

100

Step 8. Calculate l

F (M|N)

V
cc1 (MIN) ~ VF (MAX) " VOL

F (MIN)
R
in (MAX)

4.75 -1.7 -.4
F (MIN)

409

'F(MIN)
= 6"7 mA

Step 9. R L(MIN ,
. m = 1

'L(MIN)

V
cc2 (MAX) ~ VOL

lOL(MIN) -ml
IL

5.25 - .6

.016 -.0016

R L(MIN)
= 332Cl

Step 10. R L (MAX) , m - 1

V
cc2 (MAX) ~ VOH

'0H(MAX) + ml
IH

4.75 - 2.4

R L (MAX)
=

RL(MAX) 250uA + 40uA

R L(MAX)
= 8 - 1kn

Step 11. Minimum % Emitter Degradation Guardband

'(MINI

4.8%

if

1 --
i

EOL)

F(MIN)
100 (38)

6.16 mA
1 100

6.47 mA

where lp (EOL) represents the switching threshold at the

end of life.

Step 12. Maximum % Emitter Degradation Guardband

'F (EOL)
%(MAX) " 1 --

I F (MAX)
100 (39)

34% -
6.16 mA

1 100
9.32 mA

The conclusions thai are to be drawn from this analysis arc

that as long as the Ip ™Ax) is less ,nan
'Fs

= ,413 mA
.

the worst-worst case CTR degradation may be calculated

using only the first term, A Ra t

n'R
), of the D^ + 2o case.

In the example presented, 26% degradation was determined

from the first term, and when the more accurate calculation

using Equation (28) was used, a 22% degradation re-

sulted. The end of life Ip guardband may be calculated

using Equations (38) and (39). Using Equation (38),

the minimum guardband is 5.7%, and with Equation (39),

the maximum guardband is 35%.
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HEWLETT
PACKARD PPLICATION NOTE 1003

Interfacing 18 Segment Displays

to Microprocessors

INTRODUCTION
Over the past four years, the need tor alphanumeric

displays has grown very rapidly due to the extensive use of

microprocessors in new system designs. The HDSP-6508
and HDSP-6300 alphanumeric displays were developed to

provide a low cost, easy-to-use alternative to 5x7 dot

matrix displays. These displays use an 1 8 segment display

font that includes a centered decimal point and colon for

increased readability. This font is capable of displaying

the 64 character ASCII subset numbers, punctuation

symbols, and upper case alphabet' as well as many
special purpose symbols. The HDSP-6504 and HDSP-
6508 are 3.81 mm :0.150"i red 4 or 8 character displays in a

dual-in-line package. The HDSP-6300 is a 3.56 mm
',0.140": red 8 character display in a dual-in-line package.

The HDSP-6508 has character-to-character spacing on

6.35 mm i0.250": centers while the HDSP-6300 has

character-to-character spacing on 5.08 mm ;0.200")

centers. Paralleling the development of these alpha-

numeric displays have been the introduction of several

new display interface circuits that simplify the use of the

18 segment display. These circuits include an ASCII to 18

segment decoder/driver and improved NPN Darlington

digit drivers that are designed to interface directly to 5 volt

digital logic. This Application Note deals with several

techniques to interface the 18 segment display to

microprocessor systems. Depending upon the overall

system configuration, microprocessor time available to

dedicate to display support, and the type of information to

be displayed, the system designer would choose the best

interface technique to drive an 18 segment display.

DISPLAY INTERFACE TECHNIQUES
This application note will deal with four different

techniques, as shown In Figure 1a-d, for interfacing the

HDSP-6508 and HDSP-6300 displays to microprocessor

systems.

1a. The REFRESH CONTROLLER interfaces the micro-

processor system to a multiplexed LED display. The
controller periodically interrupts the microprocessor

and after each Interrupt, the microprocessor supplies

new display data for the next refresh cycle of the

display.

1b. The DECODED DATA CONTROLLER refreshes a

multiplexed LED display independently from the

microprocessor system. A local RAM stores decoded

display data. This data is continuously read from the

RAM and then used to refresh the display. Whenever

the display message is changed, the microprocessor

decodes each character in software and writes the

decoded data into the local RAM.

1c. The CODED DATA CONTROLLER also refreshes a

multiplexed LED display independently from the

microprocessor system. The local RAM stores ASCII

data which is continuously read from the RAM.
decoded, and used to refresh the display. The display

message is changed by writing new ASCII characters

within the local RAM.

1d. The DISPLAY PROCESSOR CONTROLLER uses a

separate microprocessor to drive the LED display.

This microprocessor provides ASCII storage, ASCII

decode, and display refresh independently from the

main microprocessor system. Software within thei

dedicated microprocessor provides many powerful

features not available in the other controllers. The
main microprocessor updates the LED display by

sending new ASCII characters to the slave micro-

processor.

COMPARISON OF INTERFACE TECHNIQUES

The choice of a particular Interface is an important consid-

eration because It affects the design of the entire micro-

processor system. Each interface requires one or more
memory or I/O addresses. These addresses are generated

by decoding the microprocessor address bus. The display

decoder can be located within the microprocessor

program or as circuitry within the display interface.

Location of the display decoder within the micro-

processor program gives the designer total control of the

display font within the program. This feature can be

particularly important if the display will be used to display

different languages and special graphics symbols. The
interface technique chosen may limit or interfere with

some programming techniques used in the rest of the

microprocessor program. For example, the use of an
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segmented displays

refresh controller

•MIOCRAM • ASCII LOOKUP TABIC
"SC« ATChPaO WITH OH
WITHOUT DfCOOED
ASCII LOOKUP TABLE

OD^ESSajS fc DtCOOCD DATA CONTROLLER

SYSTEM CLOCK

•MOO RAM • ASCII

lOOKUr TABU
•'SCRATCHPAD

SEGMENT
drivers

T

DIM-LAV

T-"

N
OlGiT

DRIVERS

Figure 1a. REFRESH CONTROLLER Display Interface Figure 1b. DECODED DATA CONTROLLER Display Interlace

ADDRESS ULS

SYSTEM CLOCK

MO)Q-*.

SEGMENTED DISPLAYS

COOIO OATA CONTROLLER

ASCII SEGMENT
DECODER DRIVE"!

l

OUTLAY

*n

1
DIGIT

DRIVERS

ABMSttWI

SrOMlNTCO DISPLAYS

DISPLAY PROCESSOR CONTROLLER

SLAV!
MICRO-

EUOR

J:

Figure 1c. CODED DATA CONTROLLER Display Interlace Figure 1d. DISPLAY PROCESSOR CONTROLLER Display

Interlace

interrupt may restrict the use ol some programming
techniques used in the interruptable portions of the

microprocessor program.

The REFRESH CONTROLLER requires continuous inter-

action from the microprocessor system. Since the micro-

processor actively strobes the LED display, the display

interlace circuitry is reduced. Generally, this technique

provides the lowest hardware cost for any given display

length. The display decoder can be located either within

the microprocessor program or as circuitry within the

interface. Display strobing is accomplished through use

of the microprocessor Interrupt circuitry. Demands upon
microprocessor time are directly proportional to display

length.

The DECODED DATA CONTROLLER and CODED DATA
CONTROLLER require microprocessor interaction only

when the display message is changed. Both techniques

employ a local RAM memory that is continuously scanned

by the display interface electronics. For the DECODED
DATA CONTROLLER, the display decoder is located

within the microprocessor software and the local RAM
stores decoded display data. The CODED DATA
CONTROLLER includes the display decoder within the

display interface circuitry and the local RAM stores ASCII

data. Since ASCII data is more compact than decoded
display data, the CODED DATA CONTROLLER uses a

smaller RAM than the DECODED DATA CONTROLLER.
Both techniques allow the microprocessor to individually
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change each display character by a memory or I/O write to

a specific display address. These interface techniques can
accept new data at a very high rate.

The DISPLAY PROCESSOR CONTROLLER, like the

previously defined CODED and DECODED DATA
CONTROLLERS, requires microprocessor interaction

only when the display message is changed. By using a

dedicated microprocessor, the DISPLAY PROCESSOR
CONTROLLER provides many additional display fea-

tures. These features include multiple entry modes, a

blinking cursor, editing commands, and a data output

function. The software with the DISPLAY PROCESSOR
CONTROLLER further reduces microprocessor Inter-

action by providing more sophisticated data entry modes
compared to the RAM entry mode provided by the

DECODED DATA and CODED DATA CONTROLLERS.
The display decoder can either be designed into the

dedicated display microprocessor or can be located

within a separate PROM. The use of a PROM allows the

user to provide a special character font with additional

circuitry. The DISPLAY PROCESSOR CONTROLLER
does not allow as high a data entry rate as either the

DECODED DATA or CODED DATA CONTROLLERS.

MICROPROCESSOR OPERATION
In order to effectively utilize the interface techniques out-

lined in the following sections, an understanding of micro-

processor fundamentals is required. A brief description of

microprocessor fundamentals is included in the following

section. A microprocessor system usually consists of a

microprocessor, ROM memory, RAM memory, and a

specific I/O interface as outline in Figure 2. The micro-

processor performs the desired system function by

executing a program stored within the ROM. The RAM
memory provides temporary storage for the micro-

processor system. The I/O interface consists of circuitry

that is used as an input to the system or as an output from
the system. The microprocessor interfaces to this system

through an address bus, data bus, and control bus. The

address bus consists of several outputs (Ao, Ai„..Ani from

the microprocessor which collectively specify a binary

number. This number or "address" uniquely specifies

each word in the ROM memory. RAM memory, and I/O

interface. The data bus serves as an input to the

microprocessor during a memory or input read and as an
j

output from the microprocessor during a memory or'

output write. The control bus provides the required timing

and signals to the microprocessor system to distinguish a

memory read from a memory write, and in some systems

an I/O read from an I/O write. These control lines and the

timing between the address bus. data bus, and control bus

vary for different microprocessors.

The address, data, and control buses provide the flow of

instructions and data into the microprocesor. Program
execution consists of a series of memory reads

(instruction fetchesi which are sometimes followed by a

memory read or write (instruction execution I. The
microprocessor performs a memory read by outputting

the memory address of the word to be read on the address

bus. This address uniquely specifies a word within the

memory system. The microprocessor also outputs a

signal on the control bus, which instructs the memory
system to perform a memory read. The address selects

one memory element, either RAM or ROM, within the

memory system. Then, the desired word within the

selected memory element is gated on the data bus by the

read signal. Meanwhile, the unselected memory elements

tristate their output lines so that only the selected memory
element is active on the data bus. After sufficient delay, the

microprocessor reads the word that appears on the data

bus. Similarly, for a memory write, the microprocessor

outputs the memory address of the word to be written on
the address bus. After sufficient delay, the micro-

processor outputs a signal on the control bus, which
instructs the memory system to perform a memory write.

Figure 2. Block Diagram of a Typical Microprocessor System
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The microprocessor also outputs the desired memory
word on the data bus. The address selects one RAM
memory element within the memory system. The write

signal causes the memory element to read the word on the

data bus and store it at the desired location. After the write

cycle has been completed, the new word will have

replaced the previous word within the RAM memory.
During the memory write, outputs from the unselected

memory elements remain tristated so that only the

microprocessor is active on the data bus. These control

lines and the timing for the address bus, data bus, and

control bus vary for different microprocessors.

Some microprocessors, such as the Motorola 6800 micro-

processor family, handle memory and I/O in exactly the

same way. Memory and I/O occupy a common address

space and are accessed by the same instructions. With

this type of microprocessor, the hardware decoding of the

address bus determines whether the read or write is to a

memory or I/O element. Other microprocessors, such as

the Intel 8080A. Intel 8085A, and the Zilog Z-80 have

separate address spaces for memory and I/O. These
microprocessors use different instructions for a memory
access or an I/O access and provide signals on the control

bus to distinguish between memory and I/O. One
advantage of this approach is that the I/O address space

can be made smaller to simplify device decoding.

However, the I/O instructions that are available are usually

not as powerful as the memory reference instructions. Of

course, the user can always locate specific I/O devices

within the memory address space through proper

decoding of the address and control buses. This would

allow these I/O devices to be accessed with memory
reference instructions.

The 6800 microprocessor family has a 16 line address bus,

8 line data bus, and a control bus that includes the signals

VMA (Valid Memory Address!, R/W (Read/Write , DBE
(Data Bus Enable), and clock signals <£i and d>2. R/W
specifies either a memory read or write while VMA is used

in conjunction with R/W to specify a valid memory
address. DBE gates the internal data bus of the 6800 to the

external data bus. In many applications, DBE is connected

to *2. Additional data hold time, tH, can be achieved by

delaying <j>2 to the microprocessor or by extending DBE
beyond the falling edge of 02- The_timing between the

address bus. data bus, VMA, and R/W for a memory write

is shown in Figure 3.

For the 8080A microprocessor, the address bus consists

of 16 lines, the data bus consists of 8 lines, and the control

bus consists of several lines including DBIN
|
Data Bus In i.

WR Write:, SYNC (Synchronizing_Signal:, READY, and

clock signals o>i and <*2. DBIN and WR are used to specify

a read or write operation. The 8080A microprocessor

distinguishes memory from I/O through the use of a status

word that precedes every machine cycle. When SYNC is

high, the status word should be loaded into an octal latch

on the positive edge of *1 . The outputs from the latch can

then be decoded to specify whetherthe machine cycle is a

memory write, memory read, I/O write, or I/O read. The
Intel 8228 or 8238 System Controller provides this status

latch and additionally encodes the outputs of the status

latch wi th DBIN and WR to gene rate four timing signals

MEM R Memory Read', MEM W (Memory Write:, I/O R
(I/O Read i, and I/O W : I/O Write'. However, the 8228 and

8238 do not provide the outputs of the status latch. The
timing between the address bus, data bus. WR. and SYNC

MEMORY \VRITE BUS TIMING IOBE '9
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>
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Figure 3. Memory Write Timing for the Motorola 6800

Microprocessor Family.

for both a memory write and an I/O write is shown in

Figure 4 The 8080A also provides an input, READY, which

allows the memory system to extend the time the address

and data bus is valid by integral clock cycles.

REFRESH CONTROLLERS
Figure 5 shows a REFRESH CONTROLLER for a 16

character 18 segment alphanumeric display. The circuit

operates by interrupting the microprocessor at a 1600 Hz

rate. Following each interrupt, the microprocessor

responds by outputting a new ASCII character to the

Texas Instruments AC5947 ASCII to 18 Segment
Decoder/Driver and a new digit word to the 74LS174. The

character font for the AC5947 is shown in Figure 6. The

outputs of the 74LS174 are decoded such that digit word

OO16 turns the leftmost display character on, digit word

OF16 turns the rightmost display character on, and digit

word 1Fi6 turns all digits off. The interface can be

expanded to 24 characters with an additional Signetics

NE590 driver. This change would also require modifi-

cations in If peak, and the interrupt rate.
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Figure 4. Memory and I/O Write Timing for the Intel 8080A Microprocessor Family

Figure 5. 6B00 or 8080A Microprocessor Interface to the HDSP-6508 REFRESH CONTROLLER Utilizing the Texas Instruments
AC5947 ASCII to 18 Segment Decoder/Driver
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Figure 6. 18 Segment Display Font lor the Texas Instruments AC5947 ASCII to 18 Segment Decoder/Driver

A 6800 microprocessor program that interlaces to this

REFRESH controller is shown in Figure 7. Following each
interrupt, the program "RFRSH" is executed. The program

uses a scratch pad register "POINT" that points to the

location within a 16 byte ASCII message of the next ASCII

character to be stored in the display interface. The scratch

pad register "DIGIT" contains the next digit word to be

loaded into the display interface. The program interfaces

to the circuit through two memory or I/O addresses. A
memory write to address "SEG" writes a six bit word into

the AC5947, and a memory write to address "DIG" writes a

five bit word into the 74LS174. To prevent undesirable

ghosting, the digit drivers are turned off prior to loading

the next ASCII character into the AC5947. After sufficient

delay, the next digit is turned on. Registers "POINT" and
"DIGIT" are then updated by the program. Following

execution of the "RTI" instruction, execution of the main
program is resumed A similar program written for an

8080A microprocessor is shown in Figure 8. The 6800
microprocessor program shown in Figure 7 operated with

a 1 MHz clock requires 0.11% + 0.72n% of the available

microprocessor time to refresh the display at a 100 Hz
refresh rate, where n is the display length. The 8080A
microprocessor program shown in Figure 8 when
operated with a 2 MHz clock requires 0.31% - 0.96n% of

the available microprocessor time to refresh the display at

a 100 Hz refresh rate, where n is the display length. For

example, the 16 character display shown in Figure 5

Luc OBJECT CODE 5(11 Kl STATEMENTS

BF04 SEC BQU SBF04
BFOJ DIC COL' SBF05

0000 0003 POINT FDB DATA
ooo; 00 DIGIT FCB
000.1 DATA R.MB |C

0400 OKC S0400
0400 Dt 00 RFRSH LDX DPIIIM
040: FA 00 l.DAB X.O

0404 M IF LDAA I.SIF

040<, B' BF05 STAA e.dii;

0409 n BF34 STAB E.SEC
040C H 02 I.BA A I).DIC,II

OWE HI OF CMP A LIS
0410 57 OA Bty LOOPI
0412 K 0002 INC E.DIGIT

0415 (IK INX

' m BF05 STAA E.DIC
l)r 00 STX UPOINT

MID M RTI
04 ir IF 0002 LOOPI CLR EJJIGIT
04IF Ft, g go LUAB EPOINTtl
0422 VI BF05 STAA E.DIC
0425 CO OF SUBB 1.1$

0427 r>7 01 STAB D.POINT'1
0429 24 03 BCC loop:
042B 7A 0000 rin ejpoint
04 ;t SB loop: RTI

DIG • lr-1

TURN Oe F DIGIT DRIVERS

< > VES

ILOQP1I

DIGIT DIGU - 1

POINT -PO'MT - 1

f iCTUii*J )

Figure 7. 6800 Microprocessor Program and Flowchart that Interfaces to the REFRESH CONTROLLER Shown In Figure 5
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LiX OBJECT CODE SOURCE STATEMENTS

001C SEC EOt OOICH
OOID DIG EQL'

ORG

OOIDH

OEOOOH
EOOO .1. EO POINT DW DATA
EO02 00 D1CIT M OOH
E003 00 DATA DS

ORG

It

0E400H
E400 n RFRSII PUSH PS*
E40I E5 PI !! H
E402 M OOEO UILD POINT
E40S 3b IF MVI A.IFH
E407 III ID OUT Die;
E409 lb MOV KM
B40A \n IC OUT seg
E40C :ia 02EO LDA DIGIT
E40F in ID OUT DIG
E4I1 FF OF CPI IS

E4I3 i:a 21 E4 12 LOOPI
E4I6 V to* A
E4I7 Jj 02EO STA DIGIT
E41A ?i INX H
E4IB re OOEO LOOP2 SHLD POINT
1.4 IK El POP H
E4IF n POP PSW
E420 ct RET
BUI .it 00 LOOPI MVI Ail
Mil rc 02EO STA DIGIT
14-6 7D MOV Ai
E42? H OF SUI IS
E429 <* MOV LA
E42A 1X1 IBE4 JNC I.OOP2
E42D '& DCR H
E42E C3 IBE4 JMP I.OOP2

< >VE8
IL00P1

DIGIT-»-OIGIT- I

P0INT---PO1NT • T
POINTS-POINT- 15

POINT TO FIRST ASCII CHARACTER

RESTORE MACHINE STATUS
FROM STACK

C RETURN J

Figure 8. 8080A Microprocessor Program and Flowchart lhal Interfaces to the REFRESH CONTROLLER Shown In Figure 5

requires 11.6% of the 6800 microprocessor time or 15.7%
of the 8080A microprocessor time to refresh the display at

a 100 Hz refresh rate. Faster versions of the 6800 and
8080A microprocessors can reduce this microprocessor

time by 50%.

DECODED CONTROLLERS
Figure 9 shows a DECODED DATA CONTROLLER
designed for a 32 character 18 segment alphanumeric
display. To simplify the circuitry, the display is configured

as a 1 4 segment display with decimal point and colon. This

allows each display character to be specified by two 8 bit

words. One possible display font is shown in Figure 10.

The Motorola 6810 RAM stores 64 bytes of display data

that are continually read and displayed. The display data

is organized within the RAM such that addresses As. A4,

A3, A2, and A1 specify the desired character and address

Ao differentiates between the two words of display data for

each character. The display data is formatted such that

word 0(D7—Do) is decoded as G2.G1, F, E, D.CB.andA:
and word 1 1D7—Do' is decoded as COLON. DP, M, L.K.J,

I, and H. The display data is coded low true such that a low
output turns the appropriate segment on. Strobing of the

display is accomplished with the 74LS14 oscillator and
74LS393 counter. The counter continuously reads display

data from the RAM and enables the appropriate digit

driver. The time allotted to each digit is broken into four

segments. During the first segment of time, the display is

turned off and work Is read from the RAM and stored in

the 74LS273 octal register. During the next three

segments of time, word 1 is read from the RAM and the

display is turned on. Thus, the display duty factor is '1/32:

i3/4
:
or 1/42.6. For values of R and C specified, the display

is strobed at a 130 Hz refresh rate.

Data is entered into the RAM from the address and data

bus of the microprocessor via two control lines, Chip

Select and Write. When Chip Select goes low, the address

generated by the counter is disabled and the micro-

processor address and data bus is gated to the RAM.
Then, after sufficient delay, the Write input is pulsed,

which stores the data within the RAM. The data entry

timing for the 18 segment DECODED DATA CON-

1

TROLLER is shown in Figure 11. Because of the

requirement that the address inputs of the68 10RAMmust
be stable prior to the tailing edge of Write, Chip Select

should go low for time tew prior to the falling edge of

Write. To guarantee thai the addres s and data i nputs of the

RAM remain stable until after Write goes high. Chip Select

should remain low for time tcH following the rising edge of

Write. This requirement for two separate timing signals Is

also required for the CODED DATA CONTROLLER
shown in Figure 15. Because this interface timing is

somewhat more difficult than the previously described

circuits, the following methods are presented for

interfacing to commonly used microprocessors.

Interface to the 6800 microprocessor family is accom-
plished by NANDing together VMA and some spe cified

combination of high order address lines to generate Chip
Select and using 62 to generate Write.

For the 8080A and 8085A microprocessor families, the

limited flexibility of the output instruction requires that the

18 segment DECODED DATA CONTROLLER must be
addressed as memory instead of I/O. The 8080A micro-
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Figure 10. One Possible 16 Segment Display Font (14 Segments Plus Decimal Point and Colon) lorthe DECODED DATA CONTROLLER
Shown In Figure 9.

processor requires an external status latch to hold status

information provided during program execution. This

status latch function can be implemented with an octal

register such as the Intel 8212 or 74LS273. A Memory
Write signal can be generated by NORing together all

outputs of this status latch. This signal can then be

NANDed with some specified combination of high order

address lines to generate Chip Select. The 8080A WR
output can then be connected to Write. The Intel 8238
System Controller, which is commonly used with the

8080A microprocessor, prevents direct access to the

outputs of the status latch An example of an interfacing to

a_system utilizing the 8238 is illustrated in Figure 9. MEM
W from the 8238 is inverted and then NANDed with some
specified combination of high order address lines to

generate Chip Select. The 74LS113 generates Write from

the microprocessor clock, #2 iTTLi.

Interface to the 8085A microprocessor_family can be

accomplished by inverting the l/O/M output and
NAN Ding the resulting signal with the So output and some
specified combination o f high ord er address lines to

generate Chip Select. The WR output from the

microprocessor is connected directly to Write.

GENERAL INTERFACE

¥F.
[* >OtV -

)c=:

Iff

>

PARAMETER SYMBOL MIN.

WHITE CYCLE live 42Sn:

WRITE DELAY t.MV 65m

CHIP ENABLE TO WRITE *CtV 65ni

DATA SETUP IDiY 210ns

DATA HOLD lDM 35ns

WRITE PULSE !««> 325ns

WRITE RECOVERY t*tn 25ni

CHIP ENABLE MOLD <CH 35m

6800 MICROPROCESSOR INTERFACE

VALID ADDRESS

VALID DATA I

IB) (CHIP SELECT)

©

8080A MICROPROCESSOR INTERFACE

MEMW (CHIP SELECT)
FROM 8238

Figure 11, Data Entry Timing for the DECODED DATA CONTROLLER Shown In Figure 9
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LOC OBJECT CODE SOIRC STATEMENTS

BFOO DSPLY EQU SBFC-J

0600 DECOR EQL SOMX]

oooo 0006 ASCII FDB MESSGE
0003 BFOO PAD'. EDB DSPLY
0004 060< PAD2 FDB DEC'DR
0006 MESSGE RMB 33

0400 ORG SO40O
0400 CH BFOO LOAD LDX I.DSPI.Y

0403 l)F 02 STX DJADI
0405 a, 0600 LDX I.DF.CDR
0408 m 04 STX D,PAD2
040A de 00 LOOPI LDX D.ASCII

040C A6 00 LDA A XX)

040E OH INX
040F DF IN STX ll.WA
0411 411 ASIA
0412 VI OS STAA DJ»AD2<I
0414 \lt '- LDX DJ"An:
0416 M DO LDA A Xfl
0418 to 01 LDAB X.I

04IA m 02 LDX DJ>ADI
04IC M 00 STAA X.0
04IE OK INX
041F E7 00 STAB X.0
0421 OH ISX
0422 m 02 STX DJ>AD1
0424 XV BF40 CPX 1,DSPLY- 64

0427 M El BNF. UX1PI
0429 39 RTS

f LOAD J

PAD1 - ADDRESS OF DISPLAV

F
PAD2 - AOORESS OF DECODER

A- (ASCII)

READ ASCII CHARACTER

ASCII « ASCII *1

PAD? • PAD2 - 2*A
CALCULATE ADDRESS OF

ASCII CHARACTER

IPA011* 1PAD2>
STOCI FIRST WORD INTO DISPLAV

PA01-PAD1 - 1

PAD7-PAD2- 1

(PAD!) - (PAD2I

STORE SECOND WORD INTO DI5PLAV

<PAOl - ADDRESS OF "V^J
DISPLAV 'W<^/^

C RETURN J

Flgurt 12. 8800 Microprocessor Program and Flowchart thai Interlaces to the DECODED DATA CONTROLLER Shown In Figure 9

The simplest interface to the Z-80 microprocessor family

is accomplished by addressing the 18 segment DE-

i CODED DATA CONTROLLER as I/O instead of memory.

An example of this interface is shown in Figure 15. The
IORQ output is inverted and NANDed with some specified

combination of address lines to generate Chip Select. The

74LS113 circuit generates Write from the inverted micro-

processor clock <j>.

A 6800 microprocessor program that interfaces to the 18

segment DECODED DATA CONTROLLER is shown in

Figure 12. This program decodes 32 ASCII characters and

stores the resulting decoded display data within the

display. The scratch pad register "ASCII" points to the

location of the next ASCII character to be decoded. The

program reads the first ASCII character, increments the

point. "ASCII," and then looks up two words of display

data within the 64 character ASCII look-up table

"DECDR." These words of display data are then stored at

the two addresses for the leftmost display location.

Subsequent ASCII characters are decoded, and stored at

the appropriate address within the display until all 32

characters have been decoded. After the program is

finished, the pointer "ASCII" will have been incremented

by 32. This program requires 2 4 ms for a 1 MHz clock to

decode and load 32 ASCII characters into the 18 segment

DECODED DATA CONTROLLER. The corresponding

8080A microprocessor program is shown in Figure 13.

This program requires 1 .4 ms for a 2 MHz clock to decode
and load 32 ASCII characters into the 18 segment

DECODED DATA CONTROLLER.

The 64 character ASCII font shown in Figure 10 can be

generated using the table shown in Figure 14. This ASCII

decoder uses two 8 bit words to represent each ASCII

character. The format of the decoder is consistent with

either the 6800 microprocessor program shown in Figure

12 or the 8080A microprocessor program shown in Figure

13.

CODED DATA CONTROLLERS
Figure 15 shows a CODED DATA CONTROLLER
designed for a 32 character 18 segment alphanumeric

display. Operation of this circuit is similar to the

DECODED DATA CONTROLLER shown in Figure 9

except that the Motorola 681 RAM stores 32 six bit ASCII

words and the Texas Instruments AC5947 decodes this

ASCII data into 18 segment display data. The resulting

display font is shown in Figure 6. Strobing of the display is

accomplished by the 74LS14 oscillator and 74LS393
counter. Because the long propagation delay through the

AC5947 tends to cause display ghosting, the display is
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BC - ADDRESS OF DISPLAY

DE -ADDRESS OF DECODER

LOC OBJECT COPE SOlRCrbiAmtEMS

BFOO DSPLY EQU

ORG

0BF0OII

0EOO0II
F.0OO 02 EO ASCII DW DATA
E002 HI DATA DS

ORG

32

0E400H
E400 01 OOBF LOAD LXI B.DSPLY
E403 11 OOES l-XI D.DECDR
E406 2A 00E0 I.HLD ASCII
E409 7b LOOPI MOV All
E40A n INX II

E408 1)7 RLC
140C SK MOV E.A
E40D IA LDAX D
b40t 1 STAX B
b«IF 11 INX D
E4I0 D3 INX B
t411 IA LDAX D
E4I2 02 STAX B
E413 IK INX B
E4I4 7» MOV A.C
E4IS Ms 40 CPI 64
E417 C2 09E4 JNZ LOOPI
E4IA 22 00E0 SHLD ASCII
E41D C9 RliT

E-2xA
CALCULATE ADD F1E5S OF

ASCII CHARACTER

(SCI- (DEI
STORE FIRST WORD INTO OlSPLAY

(SCI -- (DEI
STORE SECOND WORD INTO DISPLAY

< SOT "\lC-ADDRES50F "^\^W
DISPLAY*

f RETURN
J

Figure 13. 8080A Microprocessor Program and Flowchart that Interfaces to the DECODED DATA CONTROLLER Shown in Figure 9

ASCII SYMBOL WORD WORD 1

20 (SPACE) FF W
.'l ! FF BO
U "

OF FD
.•' * M ED
34 S 12 BO
35 % IB D2
:<. 4 F2 CA
27 FF FD
U ( FF F3
r>

J
FF DE

2A 3F CO
2B 3F ED
2C FF DF
2D . 3F FF
.'I FF BF
3F / FF DB
|C CO DB
J

I

1 FF ED
12 2 24 FF
33 1 30 FF
34 4 19 FF
35 5 "-• F7
ie 6 03 FF
n 7 F8 PF
38 8 00 FT
39 9 18 PF
3A FF 3F
3B

;
FF 5F

.«.' < 7F FU
3D 37 FF
3E > BF FE
3F ? 7C EF

ASCII SYMBOI WORD 1 WORD 1

40 * - FD
4i A M FF
42 B -o EO
43 C Co FF
44 D FO EO
45 E 86 FF
46 F IE FF
47 C 42 FF
48 II N FF
49 1 F6 ED
4A J El FF
4B K 8F F3
4C L C7 FF
4D M cs FA
4E N C9 F6
4F CO FF
50 t OC FF
SI Q CO F7
52 R 01 F7
S3 S 12 FF
54 T FE ED
55 u CI FF
56 V CF DB
57 w C» D7
58 X FF D2
59 Y FF EA
5A Z F6 DB
.SB

1
7F F3

5C \ FF F6
5D

1
BF 1)1

5E PF D7
SF P! t-i

Figure 14. 64 Character ASCII Decoder Table for the Microprocessor Programs Shown In Figures 12 and 13. 18 Segment
Display Font Is Shown In Figure 10.
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GENERAL INTERFACE

CHI*1 SELECT '

PARAMETEM SYMBOL MtN.

WRITE CYCLE '..V 46Bn

WHITE DELAY «AW BBu

CHIP ENABLETO WRITE tew 55o»

DATA SETUP ion 215n»

DATA HOLD tOH 50ni

WRITE PULSE 1WP 340ni

WRITE RECOVERY

CHIP ENABLE HOLD
'Afl <0m

«CH 50ni

Figure 16. Data Entry Timing tor the COOED DATA
CONTROLLER Shown In Figure 15

blanked momentarily after each new character is read

from the RAM. This is accomplished by breaking the total

time allotted for each digit into four segments. During the

first segment, the display is turned off to allow data to

ripple through the AC5947 and during the next three

segments, the display is turned on. The resulting display

duty factor is (1/32) i3/4 or 1/42.6. The display is strobed

at a 130 Hz refresh rate.

Data is entered into the RAM from the address and data

bus of the microprocessor via two control lines Chio
Select and Write. When Chip Select goes low. the address
from the counter is tristated and the microprocessor

address bus and data bus is gated to the RAM. Then after

sufficient delay, the Write input is pulsed, which stores the

data within the RAM. Data entry timing for the 18 segment
CODED DATA CONTROLLER is shown in Figure 16.

Since this timing is very similar to the DECODED DATA
CONTROLLER shown in Figure 9, interface to the various

microprocessor families is the same as described in the

section on DECODED DATA CONTROLLERS.

DISPLAY PROCESSOR CONTROLLERS
The DISPLAY PROCESSOR CONTROLLER provides a

powerful, smart interlace which performs many of the

functions normally found in a small terminal. The
DISPLAY PROCESSOR CONTROLLER is designed
around a slave microprocessor or custom LSI integrated

circuit that provides display storage and multiplexing with

a very minimum of circuit complexity. The simplest

DISPLAY PROCESSOR CONTROLLER designed for a 16

digit 18 segment alphanumeric display is shown in Figure

17. This circuit is designed around the Intel 8279

Programmable Keyboard/Display Interface. This LSI chip

contains the circuitry necessary to interface directly to a

microprocessor bus and provides a 16 x 8 RAM, pro-

grammable scan counter, and keyboard debounce and

control logic. While the 8279 is specifically designed for 7

segment displays, inclusion of the Texas Instruments

AC5947 ASCII to 18 segment decoder/driver allows the

use of an 18 segment alphanumeric display The 8279

Keyboard/Display Controller interfaces to a micropro-

cessor via an eig ht line bidirectional Data Bus, co ntrol

lines RD : Read , WR Write:, CS Chip Select i, Ao

I

Command/Data |, RESET. IRQ | Interrupt Request I, and a

clock input. CLK. The display is scanned by outputs Ao-3
and Bo-3 which are connected to the inputs of the AC5947,
and outputs SL0-3 which are connected to the digit

scanning circuitry. The 74LS122 is used to provide

interdigit blanking to prevent display ghosting. In addition

to display scanning, the 8279 also has the ability to scan

many different types of encoded or decoded keyboards,

X-Y matrix keyboards, or provide a strobed data input to

the microprocessor. The 8279 provides for either block

data entry, where data enters from left to right across the

display overflowing to the leftmost display location; right

data entry, where data enters at the righthand side of the

display and previous data shifts toward the left: and RAM
data entry, where a four bit field in the control word
specifies the address at which the next data word will be

written. The 8279 allows data written into the display to be
read by the microprocessor, and provides commands to

either blank or clear the display.

The HDSP-8716/-8724/-8732/-8740 DISPLAY PROCES-
SOR CONTROLLER shown in Figure 18 is designed to

provide a flexible 1 8 segment display interface for displays

up to 40 characters in length. This circuit utilizes a

dedicated Intel 8048 single chip microprocessor to

provide features such as a blinking cursor, display editing

routines, multiple data entry modes, variable display

string length, and data out. Thiscontrollerisavailableasa

series of printed circuit board subsystems of 16, 24, 32,

and 40 characters in length. The user interfaces to the

8048 microprocessor through eight Data In inputs, six

Address inputs, a Chip Select input, Reset inpu t. Blank
|

input, six Data Out outputs. Data Valid output, Refresh

output, and Clock output The software within the 8048
microprocessor provides four data entry modes — Left

Entry with a blinking cursor, Right Entry, Block Entry, and
RAM Entry. The Data Out port allows the user to read the

ASCII data stored within the display, determine the

configured data entry mode and display length, and locate

the position of the cursor within the display. Since the

Data Out port is separate from the Data In port, the 18

segment DISPLAY PROCESSOR CONTROLLER can be
used for text editing independent of the main micro-

processor system. In Left Entry mode, the controller

provides the Clear, Carriage Return, Backspace. Forward-
space, Insert, and Delete editing functions; while in Right

Entry mode, the controller provides Clear and Backspace
editing functions. The controller can also be expanded
into multiple line panels.

The 8048 microprocessor interfaces to the display via the

Port 2 output. The outpul Is configured to enable the
microprocessor to send a six bit word to one o f three

destinations as selected by P26 and Ps?. The PROG output

•
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Figure 17. HDSP-6508 DISPLAY PROCESSOR CONTROLLER Utilizing the Intel 8279 Programmable Keyboard Display Interlace

is then used to store this word at the specified destination.

Destinationo is the 74LS174 hex register. The outputs of

this register are decoded by the 74LS259 addressable

latches and Sprague ULN 281 5 digit drivers. Output 3Fie is

decoded to turn on the rightmost display digit while the

address ot the leftmost display digit varies from 1Si6 for a

40 character display to 30i6 for a 16 character display.

Destinationi is the AC5947 18 segment decoder/driver.

The positive edge of PROG stores a six bit ASCII code

within the AC5947. Because destination! is pulsed once

eve ry time a digit is refreshed, this output is also used as

the Refresh output. Destination2 is the Data Valid output

of the Data Out port. Thus, Data Out actually consists of a

series of six bit words that are sent to Destination2. Display

refresh is accomplished by first turning off the digit drivers

by outputting a 0i6 to the 74LS174. Then a new ASCII

character is stored within the AC5947 Finally, a new digit

word is stored within the 74LS174. The actual time that

each digit is on varies according to the configured display

length so as to provide a fixed 100 Hz refresh rate.

Interfacing the DISPLAY PROCESSOR CONTROLLER
shown in Figure 18 to microprocessor systems depends
on the needs of the particular application Since the

information on the Data In and Address inputs is loaded

into the controller through a program within the 8048

microprocessor, the time required to read these inputs

varies from about 100 to 700 microseconds. A latch as

shown in the HDSP-6716/-8724/-8732/-8740 Data Sheet

can be used as a buffer between these inputs and the data

bus and address bus of the main microprocessor system.

The latch provides temporary storage to avoid making the

main microprocessor wait for the DISPLAY PROCESSOR
CONTROLLER to accept data-
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The 18 segment DISPLAY PROCESSOR CONTROLLER
shown in Figure 18 can also be Interfaced to the main

microprocessor system through a Peripheral Interface

Adapter (PIA). The Data In inputs of the controller would

be connected to an output port of the PIA. In RAM Entry

I mode, the Address inputs of the controller would be con-

nected to another output port of the PI A. The PIA provides

a handshake back to the main microprocessor system that

tells when the DISPLAY PROCESSOR CONTROLLER is

ready to accept another data input word from the main

microprocessor. This allows the microprocessor to load

data into the controller at the highest possible rate. A PIA

can also be used to allow the 18 segment DISPLAY

PROCESSOR CONTROLLER to act as a buffer between a

keyboard and the main microprocessor. In this configur-

ation, the main processor could output a prompting

message to the user via the DISPLAY PROCESSOR
CONTROLLER. The user could then enter data from the

keyboard into the display utilizing the controller's editing

capability. Afterthe message has been entered and edited,

the user would instruct the main microprocessor to read

the final edited message from the Data Out port. One port

from the PIA can be used to control the Data In inputs of

the DISPLAY PROCESSOR CONTROLLER and another

port of the PIA can be used to read the Data Out port.

Figure 19 shows a 6800 microprocessor system using a

Motorola 6821 PIA to control the DISPLAY PROCESSOR
CONTROLLER shown in Figure 18. The PB7 output of the

PIA determines whether data is entered into the controller

Figure 19. 6800 Microprocessor Interlace to the DISPLAY PROCESSOR CONTROLLER Shown In Figure 18 Utilizing a Motorola 6821 PIA
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PORT CONFIGURATION:
I . PORT A:

PA0-PA7 OUTPUTS TO DATA IN OF HDSP-87XX
CAI (INPUT) MODE 00 SETS FT AC NEC EDGE OF READY
CA2 (OUTPUT) MODE 100 CLEARED MPU READ PRA.SET
NEGATIVE EDGE OF READY

2 PORTB:
PBO-PBS INPUTS DATA TO 6800 FROM DATA OUT OF HDSP
CBI (INPUT) MODE 10 SETS FUG POS EDGE OF DATA VA
CB2 (INPUT) MODE 000 SETS FUG NEC EDGE OF F.R KEY
CB2 (INPUT) MODE 001 SETS FLAG NEG EDGE OF ER KEY
CAUSING IRQ
PB7 (OUTPUT) LOW ENABLES PA0-PA7 TO MUX

HIGH ENABLES KEYBOARD TO MUX AND KEY

8008 PRA EQU 58008
8008 DRA EOU J8O08
8009 CRA EQU J8009
800A PRB EQU S800A
SOOA DRB EQU S800A
SOOB CRB EQU S8O0B
0028 LENGTH EQU «0 MUST BE SAME AS LENGTH

mm ORC SOO00
0000 0002 MESSGE FOB TEXT

0100 ORC S0100
0100 STATUS RMB 1

0101 CL'RSOF RMB 1

0102 DATA RMB 40

0400 ORG JO400
0400 CE OIUO READ LDX 1.STATUS
0403 IV SOOA CLR k,PRB ENABLE PORT A TO MUX
0406 86 FF LDAA I.SFF
040* VI 8008 STAA E.FRA BEGIN DATA OUT SEQUENCE
040B l\> 8006 TST EJRA CLEAR CAI AND CA2
O40E ID SOOA TST EPR8 CLEAR CBI AND CBI
0411 a 2A LDAB

1
L.IM.II!-;

0413 H SOOB LOOPI LDAA E.CRB
0416 2A FB BPL LOOPI WAIT FOR DATA VALID
0418 B6 SOOA LDAA EPRB
041B M 3F AND A I.S3F
04ID a; 00 STAA XJ) STORE IN RAM
041

F

(IB INX
0420 SA DECB
042) 26 FO BNF LOOPI NEXT DATA OUT WORD
0423 U) 8008 TST 1 I'KA CLEAR CAI ANDCA2
0426 B6 8009 LOOPI LDAA E.CRA
0419 IA FB BPL LOOPI WAIT UNTIL READY
042B 39 RTS

04IC DE 00 LOAD LDX DMESSGE
043L A6 00 LOOPIO LDAA x.o
0430 N INX
0431 81 FF CMP A I.SFF
0433 27 OD BEQ F.NDL JUMP WHEN DONE
0435 117 8008 STAA EPRA
0438 70 8008 TST EPRA CLEAR CA! AND CA2
043B II 8009 LOOPI 1 LDAA E.CRA
04)k M FB BPL LOOPI 1 WAIT
0440 .:. EC BRA LOOPIO
0442 DE 00 ENDL STX DJ4ESSGE
0444 B RTS

0500 ORG $0500
omxi It 8009 START CLR E.CRA
0503 IV SOOB CLR E.CRB
0106 86 FF LDAA I.SFF

0S08 Kl 8008 STAA L.DRA
050B 86 24 LDAA I.S24

050D B7 8009 STAA E.CRA
0510 86 80 LDAA I.S80
0512 HI 800A STAA L.DRB
0515 86 06 LDAA 1,106
0517 HI SOOB STAA E.CRB
051A DC MAIN CU
051B 1 800A CLR EPRB DISABLE KEYBOARD FROM \

05IE n 042C JSR F..LOAD
0521 D aOOA TSI EPRB CLEAR CBI. CBI
0524 -. 80 LDAA I.S80
0526 SI SOOA STAA EPRB ENABLE KFYBOARD TO MUX
0529 86 OE LDAA I.SOE
052B I SOOB STAA E.CRB ENABLE IRG
052b OF SEI IRQ CAUSES JSR TO READ

C READ J

X> ADOflESSOF STATUS
POINT TO ADDRESS Oh
OATA DESTINATION

#
PRA • FF„

OUTPUT DATA OUT
CONTROL iVORO TO DISPLAY

FORCE CA2 LOW. CfcCAR CD1 t LAG
CLEAR INTERR UPT R EQUEST

FROM IROB

R-OISPLAY LENGTH • ?

A, ' C81 FLAO
SET ON POSITIVE EDGE

OF DATA VALID

<j CB1 "- ,G '-""""^-^Tr
NO

{

ftAlT FOR DATA VALID

A • PRB * 3FM
READ DATA OUT WORD

< > NO
1LOOPII

CLEAR CAI FLAG

A, -CAI FLAO
SET ON NEGATIVE EDGE OF READY

^^CAI FLAG CLEARED? ^>-
vVAIT FQU READY

X-- MESSGE.
*OlNT TO FIRST ASCII CHARACTER

T

<LAST CHARACTER'
DENOTED 9V FF,

(

NOf

PRA* A
OUTPUT DATA IVORD TO DISPLAY

MESSGE - X
STORE ADDRESS

OF NEXT
CHARACTER STRING

(return )

WAIT FOR READY

<CA1 FlACCLIiAlieO'

Figure 20. 6800 Microprocessor Program and Flowchart thai Interfaces to Ihe Circuit Shown In Figure 19
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from the microprocessor system or from the keyboard.

Control lines CAi and CA2 are used to provide a data entry

handshake to allow data to be loaded into the controller at

the highest possible rate. Data is read into the main
microprocessor system through Port B of the PIA using

the CBi input as a data strobe.

I

The 6800 microprocessor program shown in Figure 20 is

used to operate the PIA interface described in Figure 19.

The microprocessor program following "START" is used

to initialize the 6821 PIA. Once initialized, the PIA can be

used either to load data Into the controller via the main
microprocessor, allow data to be loaded into the

controller via the keyboard, or to read data from the Data

Out port into the main microprocessor. The instruction

CLR E. PRB at location 051 B16 forces PB7 low to connect

the outputs of Port A to the Data In inputs of the controller.

Subroutine "LOAD" then loads a series of eight bit words

into the controller. "LOAD" continues to output words

until it reads an FF16 to denote the end of the prompting

message. The instruction sequence LDA A I, S80 and STA
A E, PRB at location 0526i6 forces PB7 high to connect the

output of the keyboard to the Data In inputs of the

controller. In this mode, the user can enter or edit data into

the DISPLAY PROCESSOR CONTROLLER. The 4B input

of the 74LS157 has been grounded to prevent the

keyboard from loading a control word into the DISPLAY
PROCESSOR CONTROLLER. The Instructions LDA A I,

SOE and STA A E, CRB at location 052Bie enables the

"ER" key on the keyboard to interrupt the microprocessor

when the edited message is complete. Subroutine "READ"
would then be used to read data into the 6800 system.

First, subroutine "READ" outputs a special control word.

Figure 21 . 8080A Microprocessor Interface to the DISPLAY PROCESSOR CONTROLLER Shown In Figure 18 Utilizing an Intel 8255 PIA
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THIS PROGRAM IS WrKIITbN IS 80SO ASSEMBLY LANGUAGE.
THIS PROGRAM USES AN »255 PIA TO ACCESS THE 1IDSP-S7XX
ALPHANUMERIC DI5PLAY SYSTEM

PORT CONFIGURATION
I. PORT A (MODE I OUTPUT):

PAO-PA? OUTPUTS TO DATA IN OF IIDSP-87XX
PC7 IOBF) OUTPUT. TO CHIP SELECT
PCMACK) INPUT,TO READY
FLAG PC7 (OBF) CLEARED BY OUTPUT.SE1 BY RLADY

1 PORT B (MODE I INPUT):

PBO-PBG INPUTS DATA FROM DATA OUT OF HUSP-S7XX
PC2 (STB) INPUT; LOADS DATA ON POS EDGE OF DATA VALID
FLAG K-0 (INTK) CLEARED BY INPUT; SET BY DATA VALID

3. PORIC:
PC4 OUTPUT, LOW ENABLES PA0-PA7 TO IIDSP-87XX

HIGH ENABLES KEYBOARD TO HDSP-S7XX

( READ )

STORE MACHINE STATUS ON STACK

PA - FFh
OUTPUT DATA OUT

CONTROL WORD TO DISPLAY

C- DISPLAY LENGTH • 2

OOOC PA F.QU OCH
ooon n KQU ODII
CODE PC EOU OEII
300! CNTRL EQU OFH
0028 LOAD EQU

ORG
40
tikoonn

MUST BE DISPLAY LENGTH

E0O0 0-' eg ASCII DW TEXT
EO02 DU TEXT H

ORG

40

OklOOH
EIOO HI STAT DB
E10I 00 ADDR DB
E102 00 da; \ DB

ORG 0E400H
E400 PI READ Dl

E40I FS PUSH PSW
E402 FS push H
E403 CS PUSH B

E404 3E 08 MVI A.08H
E406 D3 OF OUT CNTRI. ENABLEA SIDE OF MUX
E40S 3E FF MVI A.OFFH
E40A D3 OC OUT PA BEGIN DATA OUT SEQUENCE
E40C Ok 2A MVI C.LENTH»2
E40E VI OOEI LXI H.5TAT FIRST WORD
E4II l)B OD IN PB CLEAR INTR
E4I3 l« OE LOOPI IN PC
E4IS IF RAR
E4I6 D2 I3E4 JNC LOOPI WAIT UNTIL INTR IS SET
E4I9 IX OD IK PB
F.4I8 77 MOV M.A STORE IN RAM
E4IC it I.NX H
E4ID '.' DCR C
LUIE « I3E4 JNZ LOOPI READ LENGTHt: WORDS
L421 U-, OE L00P2 IN PC
B423 1' RA1.

E424 1)
' 21E4 JNC L00P2 WAIT UNTIL READY

E427 II POP B
E428 PI POP H
F.429 Fl POP PSW
E42A FB Bl

E42B C9 RET

E42C 2A UOEO LOAD I.HLD ASCII FIRST WORD OF MESSAGE
E42F Ik LOOPJ MOV A rM
E430 : 1: FF CPI OFFII CHECK TO SEE IF DONE
E432 <:a 44E4 JZ ENDL
E435 1)1 OC OUT PA OUTPUT TO DISPLAY
E437 ?< INX H
E438 UK oe L00P6 IN PC
E43A 17 RAL
E43B Ul J6E4 JNC L00P6 WAIT
E43E 00 NOP
E43F " NOP
E440 Oil NOP
E*=l C3 2FE4 IMP LOOPS NEXT WORD
E444 23 ENDL NX H
E445 22 OOEO SHLD ASCII
E44S C9 RET

E449 3F. A7 START MVI A.0A7H PAASMI OUTPUT, PBASMI INPUT
E44B US OF OUT CNTRL
E44D 3k OC MVI A.OCII CLEAR INTE A
E44F D3 OF OUT CNTRL
E4SI IF, OS MVI A.05I1
E4S3 D3 OF OUT CNTRL SET INTE B

; PROCEDURE TO LOAD HDSP-S7XX SYSTEM

E455 3E OS
*

MVI A.OSH
E457 D3 OF OUT CNTRL ENABLE A SIDE OF MUX
E459 CD 2CE4 CALL LOAD

; PROCEDURE TO READ DATA OUT OF HDSP-87XX SYSTEM

E45C 3F 09 MVI AlWII
E4SE Hi JF OUT CNTRL ENABLE B SIDE OF MUX
E460 FB El

HL • ADDRESSOF STAT
PC'^T TO ADDRESS OF
DATA DESTINATION

Ao-lNTRPLAQ
SET ON POSITIVE EDGE

OF DATA VALID

^^INTR FLAG CLEARED'

WAIT FOR
DATA VALID

A-PB
CLEAR INTR FLAG IPC )

< >

<OBF FLAGCLEARE > YES

IL00P2I

WAIT FOR READY

RESTORE MACHINE STATUS
FROM STACK

T
Qreturn)

Q LOAD J

A • {HL!
READ ASCI> CHARACTER

<LAST CHARACTER' "**S^_

DENOTED BY FFh ^X*^

ASCII • HL

(RETLiW)

INTERRUPT MUSI CALL READ

<03F FLAG CLSAR=D'

WAIT FOR READY

Figure 22. 8080A Microprocessor Program and Flowchart that Interfaces to the Circuit Shown in Figure 21
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FFie. to the Data In inputs of the DISPLAY PROCESSOR
CONTROLLER. This control word causes the controller to

begin its data output sequence. The controller outputs a

series ol data output words that define the configured

entry mode and display length, location of the cursor, and

the ASCII text stored within the DISPLAY PROCESSOR
CONTROLLER. "LOOP 1" within the program continu-

lously reads the Data Valid output and waits until the

controller outputs the STATUS word. This STATUS word,

the subsequent CURSOR ADDRESS word, and the string

of ASCII characters are then stored in consecutive words

of scratch pad memory starting al address "STATUS."

A similar PIA interface designed for an 8080A micro-

processor system that uses an Intel 8255A PIA is shown in

Figure 21 . This interface operates in much the same way

as the 6821 PIA interface that was previously described.

The PC4 output of the PIA determines whethertheDataln

inputs of the 18 segment DISPLAY PROCESSOR
CONTROLLER shown in Figure 18 are connected to the

PIA or to the keyboard. Control lines PC6 and PC7 are

used to provide a data entry handshake between ihe

8080A microprocessor and the DISPLAY PROCESSOR
CONTROLLER. Data is read into the 8080A micro-

processor system through Port B of the PIA using PC2 as

the data strobe.

The 8080A microprocessor program shown in Figure 22 is

used to operate the PIA interface described in Figure 21

The microprocessor program following "START" is used

to Initialize the 8255A PIA. The instructions MVI A, 08H

and OUT CNTRL at location E457i6 force PC4 low to

connect Port A of the PIA to Ihe Data In inputs of the

DISPLAY PROCESSOR CONTROLLER. Subroutine

"LOAD" would then be used to load a prompting message

into the controller. The instructions MVI A, 09H and OUT
CNTRL at location E45E-I6 connect the keyboard to the

Data In inputs of the controller. In this mode, the user can

enter data into the DISPLAY PROCESSOR CON-
TROLLER, or to edit an existing line. Subroutine "READ"
would then be used to read the data from the Data Out port

into the 8080A microprocessor system.

Subroutine "READ" begins the data output sequence by

outputting the special control word FFh to the Data In

inputs of the DISPLAY PROCESSOR CONTROLLER.
Then, the subroutine reads the series of data output words

that are outputted by the controller and stores them in

consecutive words of scratch pad memory starting at

address STAT.
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HEWLETT
PACKARD APPLICATION NOTE 1004

Threshold Sensing For Industrial

Control Systems With the

HCPL-3700 Interface Optocoupler

INTRODUCTION

The use of electronic logic circuitry in most applications

outside of a controlled environment very quickly brings the

design engineer into contact with the problems and hazards

involved in interfacing between the logic function and the

controlled function. These problems have always been par-

ticularly evident in the field of industrial control where the

electrically "noisy" environment produced by motors,

power lines, lightning and other sources of interference m8y

mask the desired signal, and in some cases even result in the

destruction of the logic control system itself. In these situa-

tions, the designer must resort to solutions which will pro-

vide isolation between the logic system and the input or

output function Traditional methods of isolation involve

the use of such devices as capacitors, relays, tranformers,

and optocouplers. Of these methods, the optocoupler pro-

vides an ideal combination of speed, dc response, high

common mode rejection, and low input to output coupling

capacitance.

In the implementation of an interface from an electrically

noisy environment into logic systems, it is often desirable,

if not mandatory, to establish some current or voltage

switching point or threshold at which the input signal Is

considered true. Since the input, or feedback, signal in in-

dustrial control systems may be ac or dc and may range

from low, 5 volt, levels to 1 10 or 240 volts ac, the design of

such a threshold switching system can become more than a

trivial problem. This is especially true when using the opto-

coupler, considering the relatively large range of current

transfer ratio (CTR) found in most devices.

The problem of establishing an input switching threshold is

resolved in the design of the Hewlett-Packard HCPL-3700
optocoupler. This device combines an ac or dc voltage and/

or current detection function with a high insulation voltage

optocoupler in a single eight pin plastic dual in-line

package.

As shown in the block diagram of Figure 1, this device con-

Figure 1. Block Diagram of the HCPL-3700

sists of a full-wave bridge rectifier and threshold detection

integrated circuit, an LED, and an optically coupled^

detector integrated circuit. The detector circuit is a com-

bination of a photodiode and a high current gain, split

Darlington, amplifier.

The input circuit will operate from an ac or dc source and

provide a guaranteed, temperature compensated threshold

level with hysteresis. The device may be programmed for

higher switching thresholds through the use of a single ex-

ternal resistor.

With threshold level detection provided prior to the optical

isolation path and subsequent gain stage, variations in the

current transfer ratio of the device with time or from unit

to unit are no longer important.

In addition to allowing ac or dc input signals, the Zener

diodes of the bridge circuit also provide input voltage

clamping to protect the threshold circuitry and LED from

over voltage/current stress conditions. The LED current is

provided by a switched current source.
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The HCPL-3700 optocoupler output is an open collector,

high gain, split Darlington configuration. The output is

compatible with TTL and CMOS logic levels. High common
mode rejection, or transient immunity of 600V//us, allows

excellent isolation. Insulation capability is 3000 volts

dc. The recommended operating temperature range is 0°C

to 70°C.

The HCPL-3700 meets the requirements of the industrial

control environment for interfacing signals from ac or dc

power equipment to logic control electronics. Isolated

monitoring of relay contact closure or relay coil voltages,

monitoring of limit or proximity switch operation or sensor

signals for temperature or pressure, etc., can be accom-

plished by the HCPL-3700. The HCPL-3700 may also be

used for sensing low power line voltage (Brown Out) or loss

of line power (Black Out).

Device Characteristics

The function of the HCPL-3700 can best be understood

through a review of the input V/l function and the input to

output transfer function. Figure 2 shows the input char-

acteristics, l| N (mA) versus V^ (volts), for both the ac and

dc cases.

The dc input of the HCPL-3700 appears as a 1000£2 resistor

in series with a one volt offset. If the ac pins (1, 4) are left

unconnected, the dc input voltage can increase to 12V (two

Zener diode voltages) before the onset of input voltage

clamping occurs. If the ac pins (1, 4) are connected to

ground or to dc pins (2, 3) respectively, the dc input

voltage will clamp at 6.0V (one Zener diode voltage). Under

clamping conditions, it is important that the maximum

input current limits not be exceeded. Also, to prevent ex-

cessive current flow in a substrate diode, the dc input can

not be backbiased more than —0.5V. The choice of the

input voltage clamp level is determined by the requirements

of the system design. The advantages of clamping the input

at a low voltage level is in limiting the magnitude of for-

ward current to the LED as well as limiting the input power

Vcc - 4.5V

\

1

E
lOL a 4.2 I"_ Vot < 0,4V

V H - 2.4V

lOH < 100ji

VIH (DC)
' V,„ (AC)

Ith (AC/DC

Voh

4

3

TH» TH-
3.8V 2.6V

6.1V 3.BV
2.6 mA UmA

1

;

PII4S 2. 3

PINS 1.4

PINS 2. 3

OR
PINS 1,4.

2

r '"-

1

n Jfe] ——

—

-1

Figure 3. Typical Transfer Characteristics of the HCPL-3700

to the device during large voltage or current transients in

the industrial control environment. The internal limiting

will in some cases eliminate the need for additional pro-

tection components.

The ac input appears similar to the dc input except that the

circuit has two additional diode forward voltages. The ac

input voltage will clamp at 6.7V (one Zener diode voltage

plus one forward biased diode voltage), and is symmetric

for plus or minus polarity. The ac voltage clamp level can

not be changed with different possible dc pin connections.

The transfer characteristic displayed in Figure 3 shows how

the output voltage varies with input voltage, or current,

levels. Hysteresis is provided to enhance noise immunity, as

well as to maintain a fast transition response (t , t*|

slowly changing input signals.

for

The hysteresis of the device is given in voltage terms as

VHYS
=
^TH+

— VTH-' or in terms of current as 'hYS
"

l-]-u+ — Ijlj_- The optocoupler output is in the high state

until the input voltage (current) exceeds V-j-H+ (lTH+). The

output state will return high when the input voltage

(current) becomes less than V-p^_(lj
H_).

9 10 11 12 13

V|N - INPUT VOLTAGE - V

Figure 2. Typical Input Characteristics, I in vs. V|n

As is shown in Figure 3, the HCPL-3700 has prepro-

grammed ac and dc switching threshold levels. Higher input

switching thresholds may be programmed through the use

of a single series input resistance as defined in Equation (1).

In some cases, it may be desirable to split this resistance in

half to achieve transient protection on each input lead and

reduce the power dissipation requirement of each of the

resistors.

Figure 4 illustrates three typical interface situations which a

designer may encounter in utilizing a microprocessor as a

controller in industrial environments.

Example 1. A dc voltage applied to the motor is moni-

tored as an indication of proper speed and/

or load condition.
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O 220VAC

THERMOCOUPLE

^3

Figure 4. Applications of the HCPL-3700 for Interfacing AC and DC Voltages to a Microprocessor

Example 2. A limit switch uses a 115V ac or 220V ac

control loop to improve noise immunity

and because it Is a convenient high voltage

for that purpose.

Example 3. An HCPL-3700 is used to monitor a com-

puter power line to sense a loss of line power

condition. Use of a resistive shunt for im-

provement of threshold accuracy is analyzed

in this example.

Also Illustrated is an application in which two HCPL-3700's

are used to monitor a window of safe operating tempera-

tures for some process parameters. This example also

requires a rather precise control of the optocoupler

switching threshold. An additional dedicated leased line

system example is also shown (Example 4).

Example 1. DC Voltage Sensing

The dc motor monitor function is established to provide an

indication that the motor is operating at a minimum desired

speed prior to the initiation of another process phase. If the

applied voltage, V^, is greater than 5V, it is assumed that

the desired speed is obtained. The maximum applied

voltage in the system is 10V. The HCPL-3700 circuit

configuration for this dc application is shown in Figure 5.

Figure 5. Interfacing a DC Voltage to an MPU using the

HCPL-3700

NOTE: See Appendix for a definition of terms and

symbols for this and all other examples.

The following conditions are given for the external voltage

threshold level and input requirements of the HCPL-3700:

External Voltage Levels — VM

'peak

5V dc (50%)

10V dc
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HCPL-3700 Input Levels

VJH+ = 3.8V

v, v,

<
V
peak

V IHC

(V
|N

will clamp) (4)

VTH_ = 2.6V

V.CH3 " 12V

lTH+ - 2.5mA

•th-
= 1 -3mA

For the 5V threshold, Rx is calculated via the expression:

v=-
V+ ~ VTH+

(1)

TH+

where V| Hq
is the particular input clamp voltage listed on

the data sheet.

For this dc application with ac pins (1, 4) open, input

voltage clamping will not occur, i.e.,

V

>
TH+

Vpeak V

SV
>

IHC3

3.8V

10V 12.0V

5V - 3.8V

2.5mA

R
x

= 480S7 (470J2 ± 5%)

The resultant lower threshold level is formed by using the

following expression:

V_= " TH- R
x
+ VTH- (2)

Consequently, a conservative value for the maximum power

dissipation in R
x
for the undamped input voltage condition

ignoring the input offset voltage is given by:

PR* =
[

V
P8ak\Rx + 1 kfl

(Undamped Input) (5)

= (1.3mA) 470ft + 2.60V

V = 3.21V

With the possible unit to unit variations in the input

threshold levels as well as ±5% tolerance variations with R
x ,

the variation of V+ is +12.4%, -15% and V_ varies +14%,

-23.5%. (NOTE: With a low, external, voltage threshold

level, V+ , which is comparable in magnitude to the VjH+
voltage threshold level of the optocoupler (V+ < 10VTH+)

the tolerance variations are not significantly improved by

the use of a 1% precision resistor for R
x

. However, at a

large external voltage threshold level compared to V-|-|_|+

(V+ > 10V-ru+). 'he use of a precision 1'

does reduce the variation of V+.)

i
resistor for R_

Hsf
470J2

Prx
= 21.8mW

If V+/V k < Vjh+^IHC was tme (clamPed in Put

voltage condition), then the formula for the maximum

power dissipation in R becomes:

PR,
(
Vpeak- VIHC) 2

(Clamped Input) (6)

For simultaneous selection of external upper, V+ , and

lower, V_, voltage threshold points a combination of a

series and parallel input resistors can be used. Refer to the

example on "ac operation with improved threshold control

and accuracy" for detailed information.

Calculation of the maximum power dissipation in R
x

is

determined by knowing which of the following inequalities

is true:

The maximum input current or power must be determined

to ensure that it is within the maximum input rating of the

HCPL-3700. For the clamped input voltage condition.

Vpeak~ VIHC
'IN

< I IN (max)
(7)

Clamped

Condition

'TH+

vpeak V IHC

(V
(N

will not clamp) (3) P
IN

= VIHC (I
IN> < P

IN(rnax)
(8)
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Figure 6. Interfacing an AC Voltage to an MPU using the
HCPL-3700

40 80 120 150 200 240

Rx - EXTERNAL SERIES RESISTOR - k!l

For the undamped input voltage condition, the maximum
input current, or power will not be exceeded, because

maximum input current and power will occur only under

clamp conditions.

An output load resistance is not needed in this application

because the peripheral interface adapter, such as MC6821,
has an internal pullup resistor connected to its input.

Example 2. AC Operation

As shown in Figure 6, an ac application is that of a moni-

tored 115V ac limit switch. Ac sensing is commonly used

and the HCPL-3700 conveniently provides an internal

rectification circuit. With the HCPL-3700 interfacing to the

P.I.A., a choice can be made not to filter the ac signal or to

filter the ac signal at the input or output of the device. All

three conditions will be explored. Simplicity is obtained

with no filtering at all, but software detection techniques

must be used. Output filtering is a standard method, but

may present problems with slow RC rise time of the output

waveform when TTL logic is used. Input filtering avoids the

RC rise time problem of output filtering, but introduces an

extra time delay at the input.

AC Operation With No Filtering

in this example, a V+ value of 98V is selected based on a

criteria of 60% of V„,(. Monitoring a limit switch for a

60% level of the signal will give sufficient noise immunity

from an open 115V ac line while allowing the HCPL-3700

to turn on under low line voltage conditions of —15% from

nominal values when the limit switch is closed.

The value of R
x

for the upper threshold detection level

without the filter capacitor, C, across the dc input, can be

obtained from the following expression.

V+" VTH+

'TH+
'TH+ 5.1V (9)

(ac instantaneous)

Figure 7. Typical External Threshold Characteristic, V± -
vs. Rx

98V - 5.1V

2.5mA

Rx = 37.2kJ2 (use Rx /2
= 18.7kft, 1% resistor

for each input lead)

The resulting lower threshold point is

V_
'TH- R

x
+ VTH- < 10>

= (1.3mA)(37.4kn) + 3.8V

V_ = 52.4V (32% of peak Input voltage)

Figure 7 provides a convenient, graphical choice for the ex-

ternal series

voltage V+ .

ternal series resistor, R , and a particular external threshold

The corresponding R value and output waveform of the

HCPL-3700 for a V+
= 98V (60% of peak) is shown in

Figure 8.

'TH+ 2.5mA
Figure 8. Output Waveforms of the HCPL-3700 Design in

Figure 7 with no Filtering Applied

454



U OFF STATE T

Figure 10. Input Filtering with the HCPL-3700

Figure 9. Determination of Off/On State Time

To determine the time in the high state, refer to Figure 9

and Equation (11).

Due to symmetry of sinusoidal waveform, the high state

time is t_ + t+ where t± is given by:

- 360° \v
peak /

(11)

where arc sine is in degrees and T period of sinusoidal

waveform.

In the unfiltered condition, the output waveform of Figure

8 must be used as sensed information. Software can be

created in which the microprocessor will examine the wave-

form from the optocoupler at specific intervals to deter-

mine If ac is present or absent at the input to the HCPL-

,3700. This technique eliminates the problem of filtering,

rand accompanying delays, but requires more sohpisticated

software implementation in the microprocessor.

Input Filtering for AC Operation

A convenient method by which to achieve a continuous

output low state in the presence of the applied ac signal is

to filter the input dc terminals (pins 2-3) with a capaci-

tance C while the ac signal is applied to the ac input (pins

1-4) of the full wave rectifier bridge. Input filtering allows

flexibility in using the HCPL-3700 output for direct inter-

facing with TTL or CMOS devices without the slow rise

time which would be encountered with output filtering. In

addition, the input filter capacitor provides extra transient

and contact bounce filtering. Because filtering is done after

R ,
the capacitor working voltage is limited by the V| Hq2

clamp voltage rating which is 6.7V peak for ac operation.

The disadvantage of input filtering is that this technique

introduces time delays at turn on and turn off of the opto-

coupler due to initial charge/discharge of the input filter

capacitor.

The application of ac input filtering is illustrated in Figure

10 and is described in the following example. The ac input

conditions are the same as in the previous example of the

1 15V ac limit switch.

The minimum value of capacitance C to ensure proper ac

filtering is determined by the parameters of the opto-

coupler. At low ac input voltage, the capacitor must charge

to at least Vju+ in order to turn on, but must not dis-

charge to V-i-u_ during the discharge cycle. A conservative

estimate for the minimum value of C is given by the fol-

lowing equations.

VTH+- VTH-
= VTH+'

,-t/T R IN
Cmin

(12)

where Ri«i is the equivalent input resistance of the HCPL-

3700.

(13)

/
VTH+ \

R
iN

ln
l7;

—

zz—

)

VTH+ VTH-/

with R
|N

= 1kn, VTH+ = 3.8V, VJH_
= 2.6V and t

8.33ms for 60 Hz or t = 10ms for 50 Hz.

Cmin = 7.23/jF for 60 Hz

cmin
= 8 -68/jF ,or 50 Hz

To ensure proper filtering, the recommended value of C

should be large enough such that with the tolerance varia-

tion, C will always be greater than Cmin (C should other-

wise be kept as small as possible to minimize the inherent

delay times which are encountered with this technique).

Since the filter capacitor affects the input impedance, a

slightly different value of R^ is required for the input

filtered condition. Figure 1 1 shows the Rx
versus V

±
threshold voltage for C = IOjjF, 22mF, and 47/jF. For an

application of monitoring a 115V RMS line for 65% of

nominal voltage condition (75V RMS), an Rx
= 26.7kJ2 ±

1% with C = 10//F will yield the desired threshold. The

power dissipation for R is determined from the clamped
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20 40 60 80 100 120

R„ - EXTERNAL RESISTOR - kj>

Figure 11. External Threshold Voltage versus Rx for

Applications Using an Input Filter Capacitor C (Figure 10)

condition (V+/Vpeak < VTH+/V )CH2 ) and is 455mW (see

Figure 6) which suggests R
x
/2 of 1/2 wan resistors for each

input lead.

selection with 1 15V line application would be to determine

R
x

for a lower threshold level of 50% of nominal peak

input voltage, only to find that the upper threshold level is

90% of peak Input voltage. With the possible ac line voltage

variations (+10%, -15%), it would be possible that the

optocoupler could never reach the upper threshold point i

with an ac line that is at —15% of nominal value. To give*

the designer more control over both threshold points, a

combination of series resistance, R , and parallel resistance,

Rp, may be used, as shown in Figure 12.

Two equations can be written for the two external thresh-

old level conditions. At the upper threshold point,

/ VTH+ \
+ VTH+ (14)

and at the lower threshold point.

R*('™- +lH +V™- (15)

Example 3. AC Operation with Improved Threshold

Control and Accuracy

Some applications may occur which require threshold level

detection at specific upper and lower threshold points. The

ability to independently set the upper and lower threshold

levels will provide the designer with more flexibility to

meet special design criteria. As illustrated in Figure 12, a

computer power line is monitored for a power failure con-

dition in order to prevent loss of memory information

during power line failure.

In this design, the HCPL-3700 optocoupler monitors the

computer power line and the output of the optocoupler is

interfaced to a TTL Schmitt trigger gate (7414).

In the earlier ac application of the HCPL-3700 (limit switch

example), a single external series resistor, R , was used to

determine one of the threshold levels. The other threshold

level was determined by the hysteresis of the device, and

not the designer. A potential problem of single threshold

Solving these equations for Rx and Rp yield the following

expressions:

Rx =

vTH_(V+)-vTH+ (v_)

'th+ <vth->-'th-<vth+>

vTH_(V+)-vTH+ (v_)

'th+ <v_- vth-> + ith-<vth+
- v+ >

\\l\

(17)

Equations (16) and (17) are valid only if the conditions of

Equations (18) or (19) are met. The desired external vol-

tage threshold levels, V+ and V_, are established and the

values for VTH± and ljH+ are found from the data sheet,
j

With the Vj|_|+ , lju ±
values, the denominator of R

.

Equation (16) is checked to see of it is positive or negative.

If it is positive, then the following ratios must be met:

'TH+
and •

'TH-

V+~ VTH+

V-" VTH-
<

TH+
(18)

'TH-

Figure 12. An AC Power Line Monitor with Simultaneous
Selection of Upper and Lower Threshold Levels and Out-
put Filtering

Conversely, if the denominator of R
x

Equation (16) is

negative, then the following ratios must hold:

'TH+
and

'TH-

v+- vrm
V-- VTH-

>-
'TH+

(19)

'TH-

Consider that the computer power line is monitored for a

50% line drop condition and a 75% line presence condition.

The 115V 60 Hz ac line (163V peak) can vary from 85%
(139V) to 110% (179V) of nominal value.
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Require:

V_ = 81.5V (50%) -

V. = 122.5V (75%) -

Turn off threshold

Turn on threshold

VIHC2 \ 2

y/2
PRp — (22)

Given:

VTH+ = 5.1V lTH+
" 2.5mA V |HC2

= 6.7V

VTH_ = 3.8V lTH_- 1.3mA

Using the Equations (16, 17) for R , Rp with the condi-

tions of Equations (18, 19) being met yields

R
x
= 17.4 kfi use 18 k.'.: 5%

Rp= 1.2 kn use 1.2 kfi 5%

To complete the input calculations for maximum input

current, li^. to the device and maximum power dissipation

in R
x
and R

p , a check must be made to determine if the

input voltage will clamp at peak applied voltage. Using

Equations (3) and (4) to determine If a clamp or no clamp

exists, it is found that the ratios

Output Filtering

The advantages of filtering at the output of the HCPL-3700

are that it is a simple method to implement. The output

waveform introduces only one additional delay time at turn

off condition as opposed to the input filtering method

which introduces additional delay times at both the turn on

and turn off conditions due to initial charge or discharge of

the input filter capacitor. The disadvantage of output fil-

tering is that the long transition time, t , which is intro-

duced by the output RC filter requires a Schmitt trigger

logic gate to buffer the output filter circuit from the sub-

sequent logic circuits to prevent logic chatter problems. The

determination of load resistance and capacitance is illus-

trated in the following text.

The following given values specify the interface conditions.

HCPL-3700

0.75

v+ 'TH+

V
peak

V IHC2
0.76

indicate that V|N slightly entered clamp condition. In this

application, the operating input current, \^, is given ap-

proximately by

VQL
= 0.4V

l0L - 4.2mA

'OH
= 1"0/iA max

Vcc
= 5.0V ±5%

'IN

V-
MHC2 "IHC2

\/2
-< I

115V-
6.7V 6.7V

\fi V2
18 kfi 1.2 kn

IN (max)
(20)

l |N = 2.18mA RMS < 34.3mA

7414

VT+ (min) = 1 -5V

VT+ (max)= 2 -0V

'|H
= 40(jA max

Ijl —1.2mA max

Schmitt trigger upper

threshold level

With the current convention shown in Figure 12, the mini-

mum value of R
L
which ensures that the output transistor

remains in saturation is:

Power dissipation in R is determined from the following

equation,

PR,

/ VIHC2 \:

(21)

R L(min) >
VCC (max) ~ VOL

'0L
+

l

IL

(23)

5.25V - 0.4V

4.2mA - 1.2mA
1.62 kfi

which yields 0.675W. With the clamp condition existing,

the maximum power dissipation for R
p

is 18.7mW which is

determined from

The maximum value for R. is calculated allowing for a

guardband of 0.4V in Vj^. imax \ parameter, or V.U =

VT+ (max)
+

-4V -
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AMPLITUDE

•CC3n n
I ! ! !

—M l-t

,WITI-

rf r-

Figure 13. Output Waveforms of the HCPL-3700

V
CC(min) -VIH

R L (max) < " -T- (24)

'0H
_,

IH

4.75V - 2.4V

0.1mA + 0.04mA
= 16.8 kP

R
l_

is chosen to be 1650P.

J V°H
' V°L

)

(27)

and substituting previous parameter values and using

VOH =VCC _(lOH + l

IH ) "Vaults in

4.58ms

In

4.8V - 0.4V

V
4.8V - 0.4V - 0.6V

T - 31.24ms

C. can be calculated directly.

(28)

C|_ can be determined in the following fashion. As illus-

trated in Figure 8, the output of the optocoupler will be in

the high state for a specific amount of time dependent

upon the selected V+ levels. In this example, V+ = 122.5V

(75%) and V_ = 81.5V (50%) and allowing for a minimum
peak line voltage of 138V (-15%), the high state time

(without CL ) is from Equation (11), 4.58ms. With the

appropriate C. value, the output waveform (solid line)

shown in Figure 13 is filtered.

The maximum ripple amplitude above Vq. is chosen to be

0.6V; that is, V
Ql_

+ AVQL 1.0V. This gives a 0.5V noise

margin before VT+ (mini
= 1.5V is reached. The exponen-

tial ripple waveform is caused by the CL being charged

through Rj_ and input resistance, RlNjTL • °' TTL 9 a,e ' ^n

expression for the allowable change in Vq, can be written:

AVOL= 'VOH- VOL»< 1 - e-tfr, (25)

where t = R'
L
C

|_
with "I equa\ to parallel combination of

RL andR|NTTL .

Below VT+ « 1.5V (i

inally 6 kP. Hence:

R L R|MTTL
R' L R L

+ R
IN

_ (1.65kP)(6kP)

1.65kP + 6kP

R'
L

= 1.29 kP

Solving Equation (25) for t yields

R|Nttl. 's cor| stant and nom-

(26)

31.24ms

1.29 kP

CL
= 24.2iiF use 27uF ± 10%

or 33uF ± 20%

With this value of C|_, the time the R'
LCL filter network

takes to reach V-j-+ of the TTL gate is found as follows.

,-tfrlVOL +
'
VOH- VOL,(1

- e

Solving for t.

'T+

J v°"- v~
)

\
vOH _VT+(min) /

(29)

(30)

and substituting VQH = 4.8V, VQL - 0.4V, VJ+ jmjn j

=

1 -5V, and r = 31 .24ms yields

t = 9.0ms

This is the delay time that the system takes to respond to

the ac line voltage going below the 50% (V_) threshold

level. In essence, the response time is slightly more than a

half cycle (8.33ms) of 60 Hz ac line with worst case line

variation taken into account. This delay time is acceptable

for system power line protection. In this example, a com-

plete worst case analysis was not performed. A worst case

analysis should be done to ensure proper function of the

circuit over variations in line voltage, unit to unit device

parameter variations, component tolerances and tempera-

ture.
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Threshold Accuracy Improvement Solving for l p+ yields

In the above example on output filtering, the two external

threshold levels were selected for turn on conditions at

V+
- 122.5V (75%) and turn off at V_ = 81.5V (50%). The

calculated external resistor values were R 17.4 kfi and

I
Rp » 1.2 kfi. Using standard 5% resistors of 18 kfi and

l p+ = 11.2mA,

1.2 kfi respectively, the

actually 126.6V nominal.

upper threshold voltage was

Examination of the worst possible combination of varia-

tions of the HCPL-3700 optocoupler Vj^+ , Ijh+- levels

from unit to unit, and the ± 5% variations of R
x
and R

can result in the V+ level changing +23% to -25°/

design nominal.

P
from

If higher threshold accuracy is desired, it can be accom-

plished by decreasing the value of Rp in order to allow Rp

to dominate the input resistance variations of the opto-

coupler. Using a 1% resistor for Rp and resistance of suf-

ficiently small magnitude, the V, tolerance variations can

be significantly improved. The following analysis will allow

the designer to obtain nearly optimum threshold accuracy

from unit to unit. It should be noted that the HCPL-3700

demonstrates excellent threshold repeatability once the

external resistors are adjusted for a particular level and unit.

The compromise which is made for the added control on

threshold accuracy is that more input power must be con-

sumed within the Rp, R
x

resistors.

In Figure 14, assume the circuit is at the upper threshold

point. At constant Vj^+ , it is desired to maintain l+ to

within ± 5% variation of nominal value while allowing ± 1%

variation in lp+ . With this requirement. Equations (31) and

(32) can be written and solved for the magnitude of lp+
which is needed to maintain the desired condition on I . . I

.

is the sum of lp+ and TH+-

1.05 l+
- 1.01lp+ + lTH+(max (31)

S at constant VTH+
0.95l+ = 0.99lp++ lTH+(m|n)

> (32)

where

'TH+(max) " 3 -11mA

'TH+ (min) " 1 -96mA

and

VTH+

'p+

5.1V

11.2mA

= 433fi

(33)

(use 453fi, 1% resistor)

This new value of Rp replaces the earlier R
p
= 1.2 kfi, and

the circuit requires a new R value to maintain the same V+
threshold level.

V+ - VTH+

'+

122.5V -5.1V

13.7mA

= 8.57 kfi

where I. 'p+ + 'th+ (34)

1 1.2mA + 2.5mA

(use 8.66 kfi, 1% resistor)

With the possible variation of ± 1% in Rp and R
x . as well as

unit to unit variations in the optocoupler Vju^ Iju+ the

upper threshold level V+ will vary significantly less than in

the 5% resistor design case. The variations in V+ , which is

given by V+ = Rx
l+ + VJH+ , where l+ = l p+ + lJH+ . are

compared in Table 1.

Table 1 illustrates the possible improvements in V+ toler-

ance as R and Rp are adjusted to limit the variation of the

external input threshold current, l+ , to the resistor network

and optocoupler. This table is centered at a nominal ex-

ternal input threshold voltage of V+ = 122.5V. It is the

designer's compromise to keep power consumption low,

but threshold accuracy high.

NOTE: The above method for selection of R
p
and R

x
can be adapted for applications where larger

sense currents (wet sensing) may be appro-

priate.

Figure 14. Threshold Accuracy Improvement through the

Use of External Rx and Rp Resistors

Example 4. Dedicated Lines for Remote Control

In situations involving a substantial separation between the

signal source and the receiving station, it may be desirable

to lease a dedicated private line metallic circuit (dc path)

for supervisory control of remote equipment. The HCPL-

3700 can provide the interface requirements of voltage

threshold detection and optical isolation from the metallic

line to the remote equipment. This greatly reduces the ex-

pense of using a sophisticated modem system over a con-

vention telephone line.
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T T MAXIMUM TOTAL
R
x

L.

Rp

L.

l+ TOLERANCE V+ TOLERANCE POWER IN

Rx + R
p
(RMS)

18 kn 5% 1.2 kn 5%
+17.5%

-21.2%
+ 23% - 25% 0.69 W

{

8.66 kR 1% 453£2 1% ±5% +12.7% -19.3% 1.45 W

4.32 kn 1% 20517 1% ±3% +11.2% -18.9% 2.92 W

2.15 kfi 1% 97.5n 1% ±2% +10.6% -18.8% 5.89 W

Table 1. Comparison of the V* Threshold Accuracy Improvement versus R„ and Rp and Power Dissipation for a Nominal
V+ = 122.5 V

Figure 15 represents the application of the HCPL-3700 for

a line which is to control tank levels in a water district.

Some comments are needed about dedicated metallic lines.

The use of a private metallic line places restrictions upon

the designer's signal levels. The line in this example would

be used in the interrupted dc mode (duration of each inter-

ruption greater than one second), the maximum allowed

voltage between any conductor and ground is < 135 volts.

Maximum current should be limited to 150mA if the cable

has compensating inductive coils in it. Balanced operation

of the line is strongly recommended to reduce possible

cross talk interference as well as to allow larger signal

magnitudes to be used. Precaution also should be taken to

protect the line and equipment, The line needs to be fused

to ensure against equipment failure causing excessive cur-

rent to flow through telephone company equipment. In

addition, protection from damaging transients must be

taken via spark gap arrestors and commercial transient

suppressors. Details of private line metallic circuits can be

founded in the American Telephone and Telegraph

Company publication 43401.

In this application, a 48V dc floating power source supplies

the signal for the metallic line. The HCPL-3700 upper

voltage threshold level is set for V+ = 36V (75%). Conse-

quently, R is

V+" VTH+

'th+
(35)

36V - 3.8V

2.5mA

12.9 kO (use Rx/2
= 6.49 kn, 1%

resistor in each input level)

The resulting lower voltage threshold level is

V_ - RX ITH_ + VTH_ (36)

13 kfi (1.3mA) + 2.6V

= 19.5V

RESERVOIR
CONDITION

SPARK
GAP

FLOAT SWITCH AND WATER PUMP ARE REWOTELY LOCATED WITH RESPECT TO EACH OTHER.

Figure 15. Application of the HCPL-3700 to Private Metallic Telephone Circuits for Remote Control
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yielding Viiyc 16.5V. The average induced ac voltage

from adjacent power lines is usually less than 10 volts (ref-

erence ATT publication 43401) which would not falsely

turn on, or off, the HCPL-3700, but could affect conven-

tional optocouplers.

Under normal operation (full reservoir), the optocoupler is

off. When the float switch is closed (low reservoir), the

optocoupler output (VqjJ needs inversion, via a transistor,

to drive the power Darlington transistor which controls a

motor starting relay. The relay applies ac power to the

system water pump. With Vqq = 10V, ln.2 = 0.5mA, 1 8 1

0.5mA.

(37)-

VCC- 2VBE
n
1

"B2

-
10V -1.4V

0.5mA

R
1

- 17.2 kfi

< R
1

- 18 kfi)

R L
-
VCC- VBE

IB,

-
10V - 0.7V

0.5mA

RL
- 18.6 kfi

(38)

(R L
= 18kS2)

For this application, the ac inputs could also be used, which

would remove any concern about the polarity of the input

signal.

General Protection Considerations for the HCPL-3700

The HCPL-3700 optocoupler combines a unique function

of threshold level detection and optical isolation for inter-

facing sensed signals from electrically noisy, and potentially

harmful, environments. Protection from transients which

could damage the threshold detection circuit and LED is

provided internally by the Zener diode bridge rectifier and

an external series resistor. By examination of Figure 1, it is

seen that an input ac voltage clamp condition will occur at

a maximum of a Zener diode voltage plus a forward biased

diode voltage.

At clamp condition, the bridge diodes limit the applied

input voltage at the device and shunt excess input current

which could damage the threshold detection circuit or

cause excessive stress to the LED.

The HCPL-3700 optocoupler can tolerate significant input

current transient conditions. The maximum dc input

current into or out of any lead is 50mA. The maximum

input surge current is 140mA for 3ms at 120 Hz pulse

repetition rate, and the maximum input transient current is

500mA for 10/J5 at 120 Hz pulse repetition rate. The use of

an external series resistor, R
x , provides current limiting to

the device when a large voltage transient is present. The

amplitude of the acceptable voltage transient is directly

proportional to the value of R
x

-

However, in order to protect the HCPL-3700 when the

input voltage to the device is clamped, the maximum input

current must not be exceeded. An external means by which

to enhance transient protection can be seen in Figure 16.

A transient RxCp filter can be formed with Cp chosen by

the designer to provide a sufficiently low break point for

the low pass filter to reduce high frequency transients.

However, the break point must not be so low as to atten-

uate the signal frequency. Consider the previous ac applica-

tion where no filtering was used. In that application, Rx
37.4 kfi, and if the bandwidth of the transient filter needs

to be 600 Hz, then Cp is:

1

27rfR„

0.0071mF (use 0.0068/jF capacitor @ 50V dc)

Should additional protection ae needed, a very effective

external transient suppression technique is to use a com-

mercial transient suppressor, such as a Transzorb s
, or

metal oxide varistor, MOV B
, at the input to the resistor

network prior to the optocoupler. The Transzorb will

provide extremely fast transient response, clamp the input

voltage to a definite level, and absorb the transient energy.

Selection of a Transzorb -'
is made by ensuring that the

reverse stand off voltage is greater than the continuous

peak operating voltage level. Transzorbs Y can be stacked

in series or parallel for higher peak power ratings. Depend-

ing upon the designer's potential transient problems, a

solution may warrent the expense of a commercial sup-

pression device.

Thermal Considerations

Thermal considerations which should be observed with the

HCPL-3700 are few. The plastic 8 pin DIP package is

designed to be operated over a temperature range of -25°C

to 85°C. The absolute maximum ratings are established for

Figure 16. Rx C p
Transient Filter for the HCPL-3700
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a 70°C ambient temperature requiring slight derating to

85 C. In general, if operation of the HCPL-3700 is at

ambient temperature of 70°C or less, no heat sinking is re-

quired. However, for operation between 70°C and 85°C
ambient temperature, the maximum ratings should be de-

rated per the data sheet specifications.

Mechanical and Safety Considerations

Mechanical Mounting Considerations

The HCPL-3700 optocoupler is a standard 8 pin dual-in-

line plastic package designed to interface ac or dc power
systems to logic systems. This optocoupler can be mounted
directly onto a printed circuit board by wave soldering.

Electrical Safety Considerations

Special considerations must be given for printed circuit

board lead spacing for different safety agency requirements.

Various standards exist with safety agencies (U.L., V.D.E.,

I.E.C., etc.) and should be checked prior to PC board lay-

out. The HCPL-3700 optocoupler component is recognized

under the Component Program of Underwriters

Laboratories, Inc. in file number E55361. This file qualifies

the component to specific electrical tests to 220V ac

operation.

The spacing required for the PC board leads depends upon
the potential difference that would be observed on the

board. Some standards that could pertain to equipment
which would use the HCPL-3700 are UL1244, Electrical

and Electronic Measuring and Testing Equipment, UL1092,
Process Control Equipment, and IEC348, Electronic

Measuring Apparatus. Spacing for the worst case in an un-

controlled environment with a 2000 volt-amperes maxi-

mum supplying source rating must be 3.2mm (0.125

inches) for 51 - 250 volts RMS potential difference over a

surface (creepage distance), and 3mm (0.118 inches)

through air (bare wire). These separations are between any

uninsulated live part and uninsulated live part of opposite

polarity, or uninsulated ground part other than the en-

closure or an exposed metal part.

An uncontrolled environment is an environment which has

contaminants, chemical vapors, particulates or any sub-

'

stances which would cause corrosion, decrease resistance

between PC board traces or, in general, be an unhealthy

environment to human beings.

For - 50 volts RMS, the spacing is 1.6mm (0,063 inches)

through air or over surfaces.

Electrical Connectors

The HCPL-3700 provides the needed isolation between a

power signal environment and a control logic system. How-
ever, there exists a physical requirement to actually inter-

connect these two environments. This interconnection can

be accomplished with barrier strips, edge card connectors,

and PCB socket connectors which provide the electrical

cable/field wire connection to the I/O logic system. These

connectors provide for easy removal of the PC board for

repair or substitution of boards in the I/O housing and are

needed to satisfy the safety agency (U.L., V.D.E., I.E.C.)

requirements for spacing and insulation. Connectors are

readily available from many commercial manufacturers,

such as Connection Inc., Buchanan, etc. The style of con-

nector to choose is dependent upon the application for

which the PC board is used. If possible it is wise to choose a

style which does not mount to the PC board. This would

enable the PC card to be removed without having to dis-

connect field wires. The use of connectors which are called

"gas tight connectors" provide for good electrical and

mechanical reliability by reducing corrosion effects over

time.
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APPENDIX I. List of Parameters

V

'IHC1

V IHC2
V IHC3
'IN
V
IN

VTH+
VTH-
'th+

'th-

'P+
vpeak

= Externally Applied Voltage

= External Upper Threshold Voltage Level

= External Lower Threshold Voltage Level

= Device* Input Voltage Clamp Level; Low

Voltage DC Case

= Low Voltage AC Case

= High Voltage DC Case

Device Input Current

= Device Input Voltage

= Device Upper Voltage Threshold Level

= Device Lower Voltage Threshold Level

= Device Upper Input Current Threshold Level

Device Lower Input Current Threshold Level

= External Series Resistor for Selection of

External Threshold Level

= External Parallel Resistor for Simultaneous

Selection/Accuracy Improvement of External

Threshold Voltage Levels

= Total Input Current at Upper Threshold Level

to External Resistor Network (R
x

, Rp) and

Device

= Current in Rp at Upper Threshold Levels

= Peak Externally Applied Voltage

= Output Voltage of Device

vOL
VOH
'oh

'OL

•IH

'.L
VCC
R
IN

VT+

C

TH+
TH_
PRX
P
IN
PA

*+

t_

T

= Output Low Voltage of Device

= Output High Voltage of Device

= Output High Leakage Current of Device

= Output Low Sinking Current of Device

= Input High Current of Driven Gate

= Input Low current of Driven Gate

= Positive Supply Voltage

= Input Resistance of HCPL-3700

= Schmitt Trigger Upper Threshold Voltage of

TTL Gate (7414)

= Output Pullup Resistance

= Output Filter Capacitance

= Input Filter Capacitor

= Upper Threshold Level

= Lower Threshold Level

= Power Dissipation in R
x

= Power Dissipation in HCPL-3700 Input IC

= Input Signal Port to P.I.A.

= Turn On Time

• Turn Off Time

= Period of Waveform

= Similar to RB

"Device = HCPL-3700



m HEWLETT
PACKARD APPLICATION NOTE 1005

Operational Considerations for

LED Lamps and Display Devices

In the design of a display system, which incorporates LED
lamps and display devices, the objective is to achieve an
optimum between light output, power dissipation, re-

liability, and operating lite. The performance character-

istics and capabilities of each LED device must be known
and understood so that an optimum design can be
achieved. The primary source for this information is the

LED device data sheet.

The data sheet typically contains Electrical/Optical Char-
acteristics that list the performance of the device and
Absolute Maximum Ratings in conjunction with char-

acteristic curves and other data which describe the

capabilities of the device. A thorough understanding of

this information and its intended use provides the basis for

achieving an optimum design.

This application note presents an in-depth discussion of

the theory and use of the electrical and optical information

contained within a data sheet. Two designs using this

information in the form of numerical examples are pre-

sented, one for dc operation and one for pulsed (strobed)

operation. The calculated results for each example are

underlined and accented by an arrow {«-) for each
identification. Specific information on operation without

derating and the soldering of plastic LED devices is also

presented.

Typical Data Sheet Information

A data sheet typically contains Absolute Maximum Rat-

ings, Electrical/Optical Characteristics, and typical oper-
ating graphs. The Absolute Maximum Ratings list such
items as the maximum allowed forward currents, power
dissipation, and operating ambient temperature range.

The Electrical/Optical Characteristics list such data as the

luminous intensity specification :lv i, forward voltage (Vp!.

peak wavelength (Apeak*, dominant wavelength (Xd >, and
the device thermal resistance LED junction-to-pin on a per

LED element basis (R0j^piN )

The five graphs that are usually contained within a data
sheet are:

Figure 1: Pulsed Mode Operating Curves
Figure 2: Current Derating vs. Temperature
Figure 3: Relative Luminous Efficiency

Figure 4: Forward Voltage Characteristic

Figure 5: Light Output vs. DC Drive Current

The data sheet also provides an equation to calculate the

expected maximum forward voltage at a given current.

Design Criteria

This application note assumes that the objective of a

specific design is to achieve a maximum light output from
a display that is operated in an elevated ambient temper-
ature. The two criteria that establish the operating limits

are the maximum drive current and the maximum LED
junction temperature. The maximum drive current has
been established to ensure a long operating life and the

maximum LED junction temperature is governed by the

device package. The data sheet will list the maximum
allowed drive currents for a specific device. The absolute
maximum allowed LED junction temperature (T, MAX)
differs for the various device package configurations. For

most plastic display devices, T, MAX = 100° C; for most
plastic lamps, Tj MAX = 110°C; and for alphanumeric PC
board monolithic displays, Tj MAX = 110°C (for some PC
board monolithic displays, Tj MAX = 80° C).

Thermal Resistance

The LED junction temperature is the sum of the ambient
temperature (TA ) and the temperature rise above ambient
(ATj), which is the product of the power dissipated within

the junction (PD ) times the thermal resistance LED
junction-to-ambient (R0JA ).

Tj (°C) TA AT,

Tj (°C) = T. * Pn flfl

[11

UA

The cathode pins of an LED device are the primary thermal
paths for heat dissipation from the LED junction into the
surrounding environment. The datasheet lists the thermal
resistance LED junction-to-pin (R0j_pin) for the device.
This device junction-to-pin thermal resistance is added to

the thermal resistance-to-ambient of the PC board
mounting assembly (R0pc-a) 'o obtain the overall value of
R0JA on a per LED element basis. (NOTE: For monolithic
displays, thermal resistance is calculated on a per digit

basis.)

R9ja = R0J-PIN + R9PC-A

= "C/W/LED Element

(2)
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For reliable operation, it is recommended that the value of
RflPC-A be designed low enough to ensure that the LED
junction temperature does not exceed the maximum
allowed value.

Derating vs. Temperature

The derating vs. temperature, Figure 2, is derived from the
LED junction temperature rise above ambient as estab-
by the maximum allowed power dissipation (Pp MAX)
which is derated linearly to zero power when Ta Tj MAX.
The values of R0ja shown on Figure 2 are derived from the
quotient of ATj and Pp MAX for a specified operating
temperature.

RtfJA 'C/W/LED) =

ATj I'C)

(3)

Tj MAX - Ta OPERATING
Pd MAX (W) " PD MAX

The value of Pd MAX is the power dissipation within a
maximum forward voltage device when driven at the
maximum data sheet current. Thus, R0ja is determined on
the basis of worst case power dissipation.

The derating curve with the largest RAja value in Figure 2,

normally a derating from Ta 50° C, represents a man-
datory derating for a typical application that utilizes a
single sided PC board with 0.51mm (0.020 inch) wide
traces, assuming that no other provision is provided for

heat dissipation. The other derating curves from higher
ambient temperatures, shown as dashed lines on Figure 2,

represent allowed increased drive currents when the
design incorporates a more elaborate PC board mounting
assembly to obtain a lower ROja value for increased heat
dissipation. The temperature deratings of Figure 2 ensure
reliable operation for both dc and pulsed mode operation.

Worst Case Power Calculation

The worst case power is that power dissipated within the
junction of a maximum forward voltage device. The worst
case power is used for determining the worst case Tj that
will result from a specific drive current and thermal
resistance, see Equation 1. The expected maximum for-

ward voltage (Vf MAX) at a selected drive current is

determined by an equation on the data sheet of the form:

VfMAX = Von + (Ipeak)(LED Dynamic Resistance) (4)

The worst case power is the product of the time average
current under pulsed operation (dc current for dc oper-
ation) times Vf MAX:

Pworst case » (Idc)(Vf MAX): For DC Operation (5)

Pworst case = (Ipeak) (DUTY FACTOR) (Vf MAX at Ipeak);

For Pulsed Operation

Current Limiting

An LED is a current operated device and some kind of
current limiter must be incorporated as part of the drive
circuitry. This current limiter usually takes the form of a
resistor placed in series with the LED. The typical forward
voltage characteristic of Figure 4 is used to calculate the
series current limiter for each LED element.

Rlimiter =
(6)

VCC(PQWER SUPPLY) -VSAT(DRIVE TRANSIST0RS)-VF(FIQURE 4)

IPEAK CURRENT PER LED ELEMENT

Light Output

The time averaged luminous intensity (l„) at Ta 25°C for

a particular drive condition may be calculated using the
relative luminous intensity characteristic of Figure 5 for dc
operation or the relative efficiency characteristic (1|PEA |<)

of Figure 3 for pulsed operation. For dc operation, lv (Ta =

25°C) is equal to the product of the data sheet luminous
intensity specification times the relative factor for a
specific dc current from Figure 5.

I V DC =

(lv DATA SHEET) (FACTOR FROM FIGURE 5)

FOR: Ta = 25°

C

(7)

For pulsed operation, the time averaged luminous at Ta =

25°C is calculated using the following equation:

IvTIME AVG =

Iavg

Iavg DATA SHEET

181

'^IPEAK 1 I'v DATA SHEET)

Where: Iavg = The average forward current through an
LED element

Iavg DATA SHEET = The average current at

Which lv DATA SHEET is measured

The luminous intensity value at Ta = 25°C is adjusted by
the following exponential equation to obtain the light

output value at the operating ambient temperature.

I, (Ta OPERATING) =
lv (25°C)e

,k(T*
" 25° C)1

(9)

LED k

Standard Red -,0188/°C

High Efficiency Red -.0131/°C

Yellow -.0112/°C

Green -.0104/-C

Pulsed Mode vs. DC Operation

When operating an LED device under dc drive conditions,

the junction temperature is a linear function of the dc
power dissipation multiplied by R9ja. The light output is

proportional to the dc drive current as expressed in

Equation 7.

The use of a 50 or 60 Hertz half or full-wave rectified ac as
the drive current for LED devices is not recommended,
since the rms power in a rectified sine wave is greater than
the time averaged power of a rectangular waveform of an
equivalent peak value. Pulsed drive conditions are based
on the assumption that the drive current pulses are a
rectangular waveform. If a rectified sine wave is to be
used, in no case should the value of the peak current
exceed the maximum allowed dc current value.

When operating an LED device in a pulsed mode, it is the
peak junction temperature (not the average) that governs
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the performance of the device as to the allowed time

average power dissipation and light output. The lower the

peak junction temperature (Tj PEAK) is in relationship to

the time average junction temperature (Tj AVG), the

greater is the light output ot the device. At slow refresh

rates (the number of times per second a device is pulsed)

in the range of 100 Hz, Tj PEAK is greater than Tj AVG. As

I the refresh rate approaches 1 000 Hz. the value of Tj PEAK
approaches the value of Tj AVG. Therefore, it is recom-

mended that whenever possible LED devices be refreshed

at a 1 KHz rate or faster, since at these faster pulse rates Tj

PEAK is assumed to be equal to Tj AVG and the light

output is a function of Tj AVG.

Design Steps

In order to determine the derated drive conditions from

the data sheet for an elevated ambient temperature, a

value for R9ja must be selected. Once a value for R0ja has

been selected, the required current derating can be

determined for the operating ambient temperature direct-

ly from Figure 2. As illustrated in the pulsed mode design

example, the dc derating is used to determine the pulsed

current derating.

The four basic design steps are:

1. Determine derated drive currents.

2. Calculate the required value of ROpc-a for the PC board

mounting configuration.

3. Calculate the value of the current limiting resistor. Use

the nearest standard value resistor larger than the

calculated value.

4. Calculate the light output.

DC Design Example

A high efficiency red seven segment display is to be

operated in an ambient of Ta = 65° C. Pertinent data for this

device are:

Maximum DC Current per segment (Ta = 50°C) = 20mA

Maximum Average Power Dissipation (TA = 50°C) = 81mW

lv TYPICAL = 300pcd per segment at Idc = 5mA

(R0J-PIN = 282°C/W/Segment

Vf MAX = 1.60V loc (45 fl): for 5mA < Idc S 20mA

Tj MAX = 100°C

The data sheet curves on page 2 apply to this device. It is

assumed that a value of RSja 494°C/W/Segment or less

will be incorporated into the display system design.

Step 1.

The derated dc drive current is determined from Figure 2.

At Ta = 65°C and R0ja S 494 t, C/W/Segment,

lOC MAX = 17.5mA - IDC MAX

Step 2.

The required maximum thermal resistance for the PC
board assembly is calculated from Equation 2:

R0PC-A < (494-282) = 212"C/W/Segment- RSpc-a

Step 3.

A value of Vsat = 0.4 volts is assumed for the LED drive

transistors. From Figure 4,

Vf TYP (17.5mA) = 2.0V

From Equation 6 and assuming Vcc 5.0V:

5.0V - 0.4V - 2.0V , „
Rlimiter =

0Q175A
= 1490 Rlimiter

Use a 1500 standard value resistor.

Step 4.

From Figure 5. the normalized light at 17.5mA is a factor of

4.4 x the light output at 5mA.

From Equation 7:

lv (25°C) = (300/;cd)(4.4) = 1320 </cd/segment

Using Equation 9 to adjust the light output for Ta 65° C:

lv (65°C) (1320//cd)el-° l31 '°c l85-il6>° c l

lv (65° C) (1320)(0.592) = 782/;cd/segment — lv

Pulsed Mode Design Example

A four digit display using the same high efficiency red

seven segment display described in the DC Design Ex-

ample is to be operated in a pulsed mode in an ambient of

Ta = 65°C. Additional pertinent data for this device are:

Maximum Peak Current per Segment

(Ta = 50° C, Pulse Width = 2ms) = 60mA

Vf MAX = 1.75V * Ipeak (380); for Ipeak > 20mA

It is assumed that a value of RSja = 494" C/W/segment or

less will be incorporated into the display system design.

Figure 1 is used to select the refresh conditions for pulsed

operation. These refresh conditions are junction temp-

erature related to the dc current deratings of Figure 2.

Figure 1 relates the ratio of maximum-peak current to

temperature derated maximum dc current (Ipeak MAX/Idc

MAX) and pulse duration (tp ) as a function of refresh rate

(f). The allowed average power dissipation decreases

below f 1kHz since the difference between Tj PEAK and

Tj AVG increases with decreasing refresh rates. This

condition is illustrated by the dashed line shown on Figure

1, which shows the ratio of Ipeak MAX to Idc MAX
decreasing with slower refresh rates with the duty factor

fixed at 1 of 4.

Step 1.

For best performance, a refresh rate of 1 kHz will be used:

f = 1kHz * f

A four digit display sets the duty factor (D.F.) at one of

four:

D.F.

— tp

D.F. = 1/4 -

tp = (1/f)(D.F.) = (1/1000 Hz)(1/4) = 250//S

From Figure 1:

Ipeak/IdC MAX = 3.3; for tp = 250/ys and f = 1kHz

From Figure 2:

Idc MAX, at Ta = 65°C and R6ja = 494°C/W/Segment, is

17.5mA

Ipeak = (Ipeak MAX/Idc MAX)(Idc MAX from Figure 2)

Ipeak (3.3)(17.5mA) = 57.8mA per Segment — Ipeak

IavG (IpeakMD.F.) = (57.8mA)(1/4) 14.5mA- IavG

These are the maximum pulsed mode drive currents for

this design as defined by Ta = 65° C and R0ja <494°C/W/
segment.
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Step 2.

The required maximum thermal resistance for the PC
board assembly is calculated from Equation 2:

R0PC-A < (494-282) =

212°C/W/seqment * R6pC -a MAX

Step 3.

A value of Vsat = 1.2 volts is assumed for the LED drive

transistors. From Figure 4.

Vf TYP (57.8mA) 2.85V

From Equation 6 and assuming Vcc = 5.0V:

5.0V- 1.2V- 2.85V
= 16ft «- -RumiterRlimiter =

0.578A

Use a 17ft standard value resistor.

Step 4.

From Figure 3, the relative efficiency for Ipeak 57.8mA is:

"lPEAK
= r61

From Equation 8:

14.5mAl
lv(25°C) =•[" [l.6lj(300jued] =

5mA
1401/iCd per segment

Using Equation 9 to adjust the light output for Ta = 65°C:

lv(65°C) = (1401wcd)e'-
0131/°c,6s-25l°cl

lv (65°C) = (1401)(0.592).= 829^/cd per Segment- lv

Operation Without Derating

LED lamp and display devices may be operated in elevated

ambient temperature environments without derating only
when the PC board mounting configuration is designed
for a sufficiently low thermal resistance. The critical

criterion is that the LED junction temperature must not
exceed the Tj MAX value for the device. This low thermal

resistance design will typically include such items as a

maximum metallized PC board and possible heat sinking

to ensure adequate heat dissipation. In no situation

should the absolute maximum current limitations be
exceeded.

The necessary thermal resistance requirements for oper-

ation without derating are calculated using the value for

worst case power dissipation. A numerical example using

the LED display device from the above two examples will

illustrate the calculation procedure.

Step 1.

Determine the maximum permissible value for R0ja.

The absolute maximum power dissipation as listed on the
data sheet for this particular LED device is 81 mW. The
operating ambient temperature is to be 65° C.

Referring to Equation 3

R0ja MAX < Tj MAX - Ta OPERATING

Pmax DATA SHEET
For this example:

RfljA MAX <
100° C "65 ° C

= 432°C/W/Segment
.081W a

The required limit on the thermal resistance for the PC
board mounting configuration is derived by rewriting

Equation 2:

R0PC-A MAX < R9ja MAX - Rflj-PIN

For this example:

Rflpc- a < (432-282) = 150°C/W/seqment--Rflpn-A MAX

The particular LED display device used in this example
may be operated at maximum power dissipation in an
ambient of Ta b 65°C without derating as long as the PC
board mounting configuration is designed to have R0pc-a1
<150°C/W/Segment.

CAUTION: Since these calculations are based on
only Tj AVG and exclude the consider-

ation ol Tj PEAK, pulsed operation

without derating is only recommended
lor refresh rates ol 1kHz or faster.

Soldering Plastic LED Devices

Because plastic LED devices utilizing a lead frame con-
struction have the LED dice attached directly to the
cathode lead, the cathode lead is the direct thermal and
mechanical stress path to the LED dice. For this reason, it

is necessary to carefully control the solder temperature
and dwell time in the solder wave to ensure subsequent
reliable operation. LED devices can be effectively wave
soldered with a wave temperature of 245°C and a dwell
time of VA to 2 seconds.

The post solder cleaning process is also crucial to

ensuring reliable performance. In order to optimize device
optical performance, specially developed plastics are
used which restrict the solvents that may be used for

cleaning. It is recommended that only mixtures of Freon
(F113) and alcohol be used for vapor cleaning processes,
with an immersion time in the vapors of less than two (2)

minutes maximum. Some suggested vapor cleaning sol-

vents are Freon TE. Genesolv DI-15 or DE-15, Arklone A
or K. A 60°C (140°C) water cleaning process may also be
used, which includes a neutrallzer rinse (3% ammonia
solution or equivalent), a surfactant rinse (1% detergent
solution or equivalent), a hot water rinse and a thorough
air dry. Room temperature cleaning may be accomplished
with Freon T-35 or T-P35, Ethanol, Isopropanol or water
with a mild detergent.

Some LED devices may require special handling during(
soldering, during post solder cleaning, or may not lend

themselves to a wave soldering process. Three specific

considerations are:

1 Plastic LED Lamps: The plastic encapsulant that forms
the lamp package is the only supporting element for the

leads. It is important to prevent stresses from entering
the device package which could damage the LED die

attach and wire bonds. The leads of a lamp may be bent
to a desired angle by observing the following pro-
cedure. Firmly grasp the leads at the base of the lamp
package with a pair of needle nose pliers to support the
lamp while bending the leads. Overheating during
soldering will cause melting of the plastic, allowing
possible lead movement to occur which may result in

the catastrophic failure of the die attach or wire bonds.
Care should be taken to ensure that no stresses are
applied to the leads during the soldering process.
External stresses applied to the leads during soldering

could induce strains within the device package that

may induce latent failure. Once properly soldered in

place, an LED lamp will typically exhibit a very high
degree of reliability.
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2. PC Board Monolithic Displays: Many PC board mono-
lithic displays do not lend themselves to a wave
soldering process. The plastic lens that covers the LED
chips and wire bonds is attached to the PC board

without forming a seal. The chemicals used in a wave
soldering process can collect underneath the lens. The
post solder cleaning process may not remove all of the

trapped chemicals and prolonged exposure of the LED
dice and wirebonds to these chemicals can cause
permanent damage. Also, the plastic used to make
some of the lenses is susceptible to damage from rosin

fluxes and hydrocarbon cleaners. The two recom-

mended installation procedures are either to hand

solder flexible cable to the display contacts or use

solderless connector pins such as the 022-002 series

supplied by JAV Manufacturing, 125 Wilbur Place,

Bohemia. NY 11716. Effective room temperature clean-

ing may be accomplished using Freon TP-35 or TE-35,

solvent temperature <30°Cand an immersion time <

2

minutes.

3. Silver Lead Frames: Many plastic LED devices utilize a

silver plated lead frame. Silver plating provides ex-

cellent solderability as long as the leads are kept free

from tarnish buildup due to coming in contact with

sulfur compounds. Application Bulletin 3 offers speci-

fic information on the effective use and soldering of

silver lead frame devices.

It is suggested that the device data sheet be consulted

for specific information on wave soldering.
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HP Components
Franchisee! Distributor

And Representative

Directory
March 1980

United States

Alabama

Hall-Mark Electronics
4733 Commercial Drive
Huntsville 35805
1 205 1 837-8700

Hamilton/Avnet
4692 Commercial Drive

Huntsvllle 35805
1 205 837-7210

Arizona

Hamilton/Avnet

505 South Madison
Tempe 85281
:602 894-2594

Wyle Distribution Group
8155 North 24th Avenue
Phoenix 85021

:602 249-2232
In Tucson '602. 884-7082

California

Hamilton/Avnet
4545 Vlewridge Avenue
San Diego 92123
I714i 279-2421

Hamilton/Avnet
1175 Bordeaux Drive

Sunnyvale 94086
:408 743-3355

Hamilton Electro Sales
3170 Pullman Street

Costa Mesa 92626
1714' 641-4120

Hamilton Electro Sales
10950 Washington Boulevard
Culver City 90230
1213 558-2121

Schweber Electronics
3110 Patrick Henry Drive
Santa Clara 95050
408 496-0200

Schweber Electronics
17811 Gillette Avenue
Irvine 92714
(714(556-3880

Wyle Distribution Group
124 Maryland Street

El Segundo 90245
i213i 322-8100

Wyle Distribution Group
17872 Cowan Avenue
Irvine 92704
(714i 641-1600

Wyle Distribution Group
9525 Chesapeake Drive
San Diego 92123
(714; 565-9171

Wyle Distribution Group
3000 Bowers Avenue
Santa Clara 95052
408 727-2500

Colorado

Hamiiion/Avnet

5921 N. Broadway
Denver 80216
303. 534-1212

Wyle Distribution Group
6777 E. 50th Avenue
Commerce City 80022
303 287-9611

Connecticut

Hamilton/Avnet
643 Danbury Road
Georgetown 06829
1 203' 762-0361

Schweber Electronics
Finance Drive

Commerce Industrial Park
Danbury 06810
203' 792-3500

Wilshire Electronics
Village Lane
P.O. Box 200
Wallingford 06492
203 265-3822

Florida

Hail-Mark Electronics

1302 W. McNab Road
Ft. Lauderdale 33309
1 305 971-9280

Hail-Mark Electronics
7233 Lake Ellenor Drive

Orlando 32809
<305. 855-4020

Hamilton/Avnet
3197 Tech Drive No.
St. Petersburg 33702
813: 576-3930

Schweber Electronics

2830 N. 28th Terrace
Hollywood 33020
( 305 i 927-0511

Georgia

Hamilton/Avnet
6700 I-85 Suite IE

Norcross 30071
'404: 448-0800

Schweoer Electronics

4126 Pleasantdale Road
Atlanta 30340
404. 449-9170

Indiana

Pioneer-Standard
6408 Castleplace Drive
Indianapolis 46250
317: 849-7300

Illinois

Hall-Mark Electronics

1177 Industrial Drive
Bensenvllle 60106
1312: 860-3800

Hamilton/Avnet
3901 N. 25th Avenue
Schiller Park 60176
'312' 678-6310

Schweber Electronics

1275 Brummel Avenue
Elk Grove Village 60007
312: 364-3750

Kansas

Hall-Mark Electronics

11870 West 91st Street

Shawnee Mission 66214
913 888-4747

Hamilton/Avnet
9219 Quivira Road
Overland Park 66215
1 91 3 888-8900

Maryland

Hall-Mark Electronics

6655 Amberton Drive
Baltimore 21227
.•301

.
796-9300

Hamllton/Avnel
7235 Standard Drive
Hanover 21076
301 1 796-5000

Schweber Electronics

9218 Gaither Road
Gaithersburg 20760
1301' 840-5900

Wilshire Electronics

1037 Taft Street

Rockville 20850
:301i 340-7900

Massachusetts

Hamilton/Avnet

50 Tower Office Park
Woburn 01801
(617.273-7500

Schweber Electronics

25 Wiggins Avenue
Bedford 01730
617 890-8484

Wilshire Electronics

One Wilshire Road
Burlington 01803
(617 1 272-8200

Michigan

Hamilton/Avnet
32487 Schoolcraft Road
Livonia 48150
(313) 522-4700

Schweber Electronics

33540 Schoolcraft Road
Livonia 48150
.313i 583-9242

Minnesota

Hall-Mark Electronics
9201 Penn Avenue. So.

Suite 10
Bloomington 55431
[612 884-9056

Hamilton/Avnet
7449 Cahill Road
Edina 55435
612i 941-3801

Schweber Electronics

7402 Washington Avenue, So.
Eden Prairie 55343
i612: 941-5280

Missouri

Hall-Mark Electronics
13789 Rider Trail

Earth City 63045
'314. 291-5350
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Hamillon/Avnet

396 Brookes Lane
Hazelwood 63042

»|814l 731-1144

New Jersey

Hamilton/Avnel

1 Keystone Avenue
Cherryhill 08003
:609 424-0100

Hamilton/Avnet

10 Industrial Road
Fairfield 07006
1 201 1

575-3390

Schweber Electronics

18 Madison Road
Fairfield 07006
201 227-7880

Wilshire Electronics

1111 Paulison Avenue
Clifton 07015
1 201. 340-1900

Wilshire Electronics

102 Gaither Drive

Mt. Laurel 08057

609 234-9100

New Mexico

Hamilton/Avnet
2524 Baylor S.E.

Albuquerque 87106
505 765-1500

New York

Hamilton/Avnet
16 Corporate Circle

East Syracuse 13057
315. 437-2641

Hamilton/Avnet
5 Hub Drive

Melville 11746
1 516 454-6000

Hamilton/Avnet
167 Clay Road
Rochester 14623
716 442-7820

(Schweber Electronics

2 Townline Circle

Rochester 14623
716, 424-2222

Schweber Electronics

Jericho Turnpike
Westbury 11590

(516) 334-7474

Wilshire Electronics

10 Hooper Road
Endwell 13760
1 607 1 754-1570

Wilshire Electronics
110 Parkway So. Drive

Hauppauge. L.I. 11787

!S16i 543-5599

Wilshire Electronics

1260Scottsville Road
Rochester 14624

(7161 235-7620

North Carolina

Hall-Mark Electronics

1208 Front Street, Bldg. K
Raleigh 27609
919 832-4465

Hamilton/Avnet
2803 Industrial Drive

Raleigh 27609
.919. 829-8030

Ohio

Hall-Mark Electronics

6969 Worthington-Galena Road
Worthington 43085
1614,846-1882

Pioneer-Standard
4800 East 131st Street

Cleveland 44105
216 587-3600

Pioneer-Standard

1900 Troy Street

Dayton 45404
:513 236-9900

Schweber Electronics

23880 Commerce Park Road
Beachwood 44112
1 216 464-2970

Oklahoma

Hall-Mark Electronics

5460 South 103rd E. Avenue
Tulsa 74145
918

1
835-8458

Oregon

Representative

Northwest Marketing
Associates, Inc.

9999 S.W. Wilshire Street

Suite 211

Portland 97225
1503 297-2581
:206 455-5846

Pennsylvania

Hall-Mark Electronics

458 Pike Road
Huntingdon Valley 19001

1
215) 355-7300

Pioneer-Standard

560 Alpha Drive

Pittsburgh 15238
(412, 782-2300

Schweber Electronics

101 Rock Road
Horsham 19044

609 964-4496

:215 441-0600

Texas

Hall-Mark Electronics

10109 McKalla Road
Suite F
Austin 78758
512j 837-2814

Hall-Mark Electronics

11333 Pagemill Drive

Dallas 75222
:214: 234-7400

Hall-Mark Electronics

8000 Westgien

P.O. Box 42190
Houston 77042
i713. 781-6100

Hamilton/Avnet
10508 A. Boyer Boulevard
Austin 78757
512 837-8911

Hamilton/Avnet

4445 Sigma Road
Dallas 72540
i214 661-8661

Hamilton/Avnet

3939 Ann Arbor
Houston 77063

[7131 780-1771

Schweber Electronics

14177 Proton Road
Dallas 75240
,214 661-5010

Schweber Electronics

7420 Harwin Drive

Houston 77036
(713, 784-3600

Utah

Hamilton/Avnet
1585 West 2100 South
Salt Lake City 84119
,801 972-2800

Washington

Hamilton/Avnet
14212 N E. 21st Street

Bellevue 98005
206 746-8750

Wyle Distribution Group
1750 132nd Avenue, N.E.

Bellevue 98005
206, 453-8300

Representative

Northwest Marketing

Associates. Inc.

12835 Bellevue-Redmond Road
Suite 203E
Bellevue 98005
206 455-5846

Wisconsin

Hall-Mark Electronics

9625 South 20th Street

Oakcreek 53154
414: 761-3000

Hamiiton/Avnet
2975 Moorland Road
New Berlin 53151
-414 784-4510
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International

Australia

CEMA ELECTRONICS PTY. LTD.
170 Sturt Street

Adelaide. S.A.

[61] 8 516483

CEMA ELECTRONICS PTY. LTD.
208 Whitehorse Road
Blackburn, Victoria

[61)3 8776311

CEMA ELECTRONICS PTY. LTD.
22 Ross Street

Newstead, Queensland
!61) 72 524261

CEMA ELECTRONICS PTY. LTD.
21 Chandos Street

St. Leonards. N.S.W. 2065
(61

i
2 4394655

Austria

Transistor V.m.b.H.

Auhofstr. 41a
1130 Wien
:43. 222 829451

Belgium

Diode Belgium
Rue Picard 202
1020 Bruxelles

32: 2 4285108

Brazil

Datatronix Electronica LTDA
Av. Pacaembu. 746-C11
Sao Paulo. Brazil

l55i 11 8260111

Canada

Hamilton/Avnet
3688 Nashua Drive

Units G & H
Mississauga. Ontario L4V 1M5
416

1
677-7432

Hamilton/Avnet
2670 Sabourin Street

St. Laurent

Montreal, Quebec H4S 1M2
(6141 331-6443

Hamilton/Avnet
1735 Courtwood Crescent
Ottawa, Ontario K2C 3J2
;613: 226-1700

Zentronics. Ltd.

1355 Meyerside Drive
Mississauga. Ontario L5T 1C9
416: 676-9000

Zentronics, Ltd.

5010 Pare Street

Montreal, Quebec H4P 1P3
.514. 735-S361

Zentronics, Ltd.

141 Catherine Street

Ottawa. Ontario K2P 1C3
613 238-6411

Representatives

Cantec Reps. Inc.

28 Eastmoor Cresent
Dollard Des Ormeaux
Montreal. Quebec H9G 2N1
(514| 620-6313

Cantec Reps, Inc.

83 Galaxy Boulevard
Unit 1A
Toronto (Rexdalei

Ontario M9W 5X6
(416 1 675-2460

Cantec Reps, Inc.

1573 Laperriere Avenue
Ottawa. Ontario K1Z 7T3
:613! 725-3704

Denmark
Distributoeren

Interelko A.P.S.

Hovedgaden 16
4622 Havdrup
145(3 385716

Finland

Field OY
Veneentekijantle 18
00210 Helsinki 21

:90;6922577

France

Almex
Zone Industrielle d Antony
48. rue de I'Aubepine

92160 Antony
(33 1 6662112

ETS. F. Feutrier

rue des trois Glorieuses
42270 St-Priest-en-Jarez

St. Etienne
:33i 77 746733

F. Feutrier

29 rue Ledru Rollln

92150 Suresnes
.33. 1 7724646

SC.AI.B.
80 rue d'Arcueil

Zone-Silic

94150 Rungis
(33; 1 6872313

Germany
EBV Elektronik

Vertriebs GmbH
Oberweg 6
8025 Unterhachlng
149.89 611051

Ingenieurbuero Dreyer
Flensburger Strasse 3
2380 Schleswig
'49. 4621 23121

Jermyn GmbH
Posttach 1180
6277 Camberg
(49 6434/23-1

RTG E. Springorum Kg
GmbH & Co.
Bronnerstrasse 7

4600 Dortmund
(49: 231 54951

RTG Distron
Behaimstr. 3
Postfach 100208
1000 Berlin 10
(49) 30 3421041/45

Holland

Diode B.V.

Hollant Laan 22
3526 Am Utrecht

(31 ) 30 88 4214

India

Blue Star Ltd.

Blue Star House
11/11 A Magarath Road
Bangalore
560 025

Blue Star Ltd.

Sahas
414/2 Vlv Savarkar Marg
Prabhadevi
8ombay 400 025
45 78 87

Blue Star Ltd.

Bhandari House
7th and 8th Floor

91 Nehru Place
New Delhi 110 024
634 770
635 166

Israel

Electronics and Engineering
Div. of Motorola Israel Ltd.

16 Kremenetski Street

P.O. Box 25016
Tel Aviv 67899
97

. 23 338973

Italy

Celdis Italians S.p.A.

Via F. Hi Gracchi. 36
20092 Cinisello B.

I39i 2 6120041

Eledra S.p.A.

Viale Elvezla 18
20125 Milano
:39> 3493041

Japan

Ryoyo Electric Corporation
Meishin Building
1-20-19 Nishiki

Naka-Ku, Nagoya, 460
(81: 52 2030277

Ryoyo Electric Corporation
Teiyo Shoji Building
4-6 Nakanoshima
Klta-Ku, Osaka, 530
:81 i 6 4481631

Ryoyo Electric Corporation
Konwa Building
12-22 Tsukiji, 1-Chome
Chuo-Ku. Tokyo
(81 ; 3 543771

1

New Zealand

CEMA ELEKON LTD.
7-9 Kirk Street

Grey Lynn, Auckland
;64i4 761169

Norway

Ola Tandberg Elektro A/S
Skedsmogt. 25
Oslo 6
(47: 2 197030

Spain

Diode Espana
Avda de Brasil 7
Edit. Iberia Mart
Madrid 20

:34i 1 4550139/40

So. Africa

Fairmont Electronics Pty.
I
Ltd.

P.O. Box 41102
Craighall 2024
Transvaal

27 11 7891230

Sweden

Distributoeren

Interelko A.B.

Box 32
122 21 Enskede
46 8 132160

Switzerland

Baerlocher AG
Forrlibuckstrasse 110

8021 Zurich
(41

1
1 429900

United Kingdom

Celdis Ltd.

37-39 Loverock Road
Reading
Berkshire RG3 1ED
(44> 734 585171

Jermyn-Mogul Distribution

Vestry Estate
Seven Oaks
Kent TN14 5EU
:44( 732 500144

Macro Marketing Ltd.

396 Bath Road
Cippheham
Slough
Berkshire SL1 6JD
(44: 6286 4422
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Sales/Service Offices
Arranged alphabetically by country
ANGOLA
Tetectri

Empresa Tecnca de

Equlpamenlos

Eleclficos. S.A.RL.

R Bafbosa Rodrigue*,

41-l'DT •

Cain Poslai, 6467

Luanda

W 35516/6

ARGENTINA
Hewlett-Packard Argentina SA
Sanla Fe 2035, Marline;

6140 Sua.'iot Alraa

Id: 792-1239. 798-6086

Telex 122443 AR CO*

Baton S.A.C.I.y M.

Avoa Paseo Colon 221

BfjaM

1399 Buenos Alraa

Tat 30-4846/1851/8384

34-9356/0460/4551

T«i. (33) 17595 BIO AR

AUSTRALIA

AUSTRALIA CAPITAL
TERR.

Hewiell-Packara Ausnake Ply

lid.

121 Woeongong Steel

Fyehwlck, 2609
Tel: 804244

Telex: 62650

NEW SOUTH WALES
Hewien-PaOcard Austaka Pty.

Lid.

31 Bridge Street

Pymble. 2073

Tel- 4496566

INK 21561

QUEENSLAND
Hewwi Packard Austaia Ply.

Ltd.

5rh Floor

Taachan uraon Buarjrg

495-499 Boundary Steel

Spring MM. 4000

Tel: 2291544

SOUTH AUSTRAUA
Hewlett-Packard Austral* Pty.

Ut
153 Greenhi Road

Parkalde, 5063
Teh 2725911

Teta: 82536

VICTORIA
KewKil-PacHrc Austaia Ply.

Ltd.

31-41 Joseph Street

Blackburn. 3130

Tel: 89-6351

Telex. 31024 MELB

WESTERN AUSTRALIA
Hewlett-Packard Auatraia Ply.

LU.
14i Suing Hghway
Nsdlanda, 6009
Tel: 3865455

Te».. 93859

AUSTRIA
Hewlell-Packard Ges,m.b.H.

Wehllstasse 29

P.O. Box 7

A-1205 Vlenns
Tel: 35-16-21-0

Telex 135821135066

Hewlett-Packard Gee.m.b H.

Wetwslrasse, 29

A- 1205 Wlan
Tit 35-16-21

Telex: 135066

BAHRAIN
MerKalOnly

Waal Pharmacy

P.O. Box 648

Bahrain
Tel: 54886. 56123

Telex: 8550 WAEl G.

Al Hamkkya Trading and

Conlracang

P.O. Box 20074

Manama
TBI 259978. 259958
Telex- 8895 KALDIA GJ

BANGLADESH
The General Electric Co. ol

Bant/adeth Lid.

Magnet House 72

Dskusha Commercial Area

Motljhell. Dacca 2

Tel 252415. 252418

Telex: 734

BELGIUM
Hewlell-Packard Benekji

5-AJN.V.

Avenue du co-van. 1.

(G/oerwraagtaan)

B- 1 170 Bruaeala
Tel: (02) 660 50 SO
Telex 23-494 pauoen bru

BRAZIL
Hewlen-Packaro do B-asa

i e c lie*

Alameda Fto Negro. 750
Alphav«e

06400 Baruarl SP
Te 429-3222

Hewwn-Packard do Brad

la C Lida

Rub Padre Chagas. 32

90000 P6rto Alsgra-RS

Tat 22-2998. 22-5621

Hewlett-Packard do Brasi

le.C. Itoa.

Av Eprtaco Pessoa. 4664

22471-RiodsJonslro-RJ

Tat 286-0237

Telex: 02 1-2 1905 HP8R-BR

CANADA

ALBERTA
Hewlelt-Packard (Canada) lid

H620A- 168rh Steel

Edmonton T5M 3T9

Tel (403) 452-3670

TWI: 610-831-2431

Hewlell-Packard (Canada) Lid

210. 7220 Fraher St. S.E.

Calgary T2H 2H8

Tel: (403)253-2713

TWI. 610-821-6141

BRITISH COLUMBIA
Hewlett-Packard (Canada) Lid.

10691 Shew doe Way
Richmond V6X 2W7
Tel: (604) 270-2277

TWX 610-925-5059

MANITOBA
Hewlelt-Pacxard (Canada) Lid.

380-550 Century St.

SI. Jamee,
Winnipeg R3H ov 1

Tel: 1204) 786-670

1

TWX: 610-671-3531

NOVA SCOTIA
Hewlell-Packard (Canada) lid.

P O.Box93l
800 Wlndmi Road

Dartmouth B3B 1L1

Tel: (902) 469-7820

TWX: 610-271-4482

ONTARIO
Hewletl-Peckaid (Canada) Lid.

1020 Morrison Dr

Ottawa K2H BK7

Tel: 1613) 820-6483

TWX: 610-563- 1638

Hewleti-Packaid iCanadai Lid

6877 Goreway Drive

Mlaalaaauga L4V 1MB
Tel (416)678-9430

TWX 610-482-4248

Hewlell-Packard (Canada) Lid

552 NewboO Steel

London N6E 2S5
Tel: (5191 686-9181

TWX: 610-352-1201

QUEBEC
Hewlell-Packard (Canada) Lid.

275 Hymua Blvd.

Polnla Clair. HSR 1G7

Tel: 1514) 697-4232

TWX: 610-422-3022

FOR CANADIAN
AREA8 NOT
LISTED:
Contact Hewlell-Packard (Can-

ada) Ltd tiMrtanaauge

CHILE
Jorge Calcagnl y Oa Llda.

Anuro Bum*, 065
Caaia 16475

Corrao9. Santiago

t 220222

MB JCALCAONl

COLOMBIA
MlrunwilarjcVi

Hen* A. langebaak t «.*

ix
Curt/1 7 No. 48-75

Apariado Aereo 6287

Bogota, I DC
Tec 269-8877

Tata 44400

kis:rumenlaocn

HA. Langaoaak 6 K«r SA.

Carrara 63 No. 49-A-31

Apariado 54098

Madanin
Tat 304475

COSTA RICA
Ctentitca Coslarr cense S A

Avenida 2, Cats i
San Pedro oe Monies de Oca

Apenado 10159

San Joss
Tel. 24-38-20. 24-08- 19

Te* . 2367 QALGUR CR

CVPRUS
Kypronics

19 Gregonos Xenopoukrs

Sireel

P.O. Box 1 152

Nicosia

Tel 45628/29

Tele. 3018

CZECHOSLOVAKIA
Hewlett-Packard

OechodK nsiupiwsivi v CSSR

Pisemny alyk

Post, schranka 27

cs 11801 PrahaOtl
CSSR

Vyvojove a Provoxnl Zakiadna

Vylkumnych Ualavu v

Bechovlcich

CSSR-25097 Bachovlca u
Prahy

Tel: 89 93 4

1

Telex: 12133

Institute ol Medical Ewes
Vyskumny usiav lekarske|

Barvky

jedk>va6

C5-88346 Bratlalava-

Kramora
Tel: 44-551

Tata: 93229

DENMARK
Hewiell-Packard A/S

Oelavsi 52
Ok-3460 Blrkarod

Tel: (02) 81 66 40

Telex: 37409 -.pat dk

Hewlell-Packard A/S

Na.er.e, 1

DK-8600 Sllksborg

Tel: (06) 82 71 66
Telex: 37409 hpai r*

ECUADOR
C'EDE Cla Llda

P.O. Box 6423 CO
Av Ekjy Aaaro 1749

Oullo

Tan- 450-975. 243-052

Teta2548CyEDEED

MeOcelOrvy

impBaur 5.A.

CnBa3590
RoUes 625
Oulto

Tat 545-250

EGYPT
LE.A.

memaaonal Enrjneerng

Ajscoeles

24 Kantn Hegui Slreel

K4W-HAW
Cairo

Tat S3 KB.
Telex 93830

SAMTRO
Sam Amfl Trading Office

IS Abder An Ga. v
Abdlna-Calro

rat 24932

EL SALVADOR
PESA
Buevar oe kts Heroes 1 1-48

EOfcio Sarah 1146

San Salvador

Tat 252787

ETHIOPIA
ADdeaa Abrumaa
P.O Box 2635
Addle Ababa
Tat 11 93 40

FINLAND

Hewlell-Packard Oy
Revontvaenat. 7
SF-02IOC Eepoo 10

Tel: (90)455 0211

Tele. 121563 hewpa si

FRANCE
Hewlett-Packard France

Zone d ectlvlies de

Courtaboeui

Avenue des Tiopques

Boila Posiale 6
91401 Orssy-Ceoex
Tat (1)907 78 26
TWX 60004BF

Hawletl-Pflcleard F'ance

Chenwi des Moutiies

B.P. 162

69-30 Ecully

Tel: (78) 33 81 25
TWX: 310817F

Hewlell-Packard France

20, Cnemln de la Cepiere

31081 Toulouaa
La Mlrall-Cedex

Tel: (61)40 11 12

Hewleti-Packard France

LeLigoures

Place Romee oe Vweneuve

13100 Alx-sn-Provsncs

Tel: (42) 59 4 102
TWX:4I0770F

Hewlell-Packard Fiance

2, Allee oe la Bourgonells

35100 Rannaa
Tel: (99) 51 42 44

TWX 7409 12F

Hewlell-Packard France

18. mo du Canal de la Uame
67300 Schlltlghalm

Tel (88) 83 08 10

TWX890141F

Hewlen-Packaro France

irvneuble peticenke

rue van Gogh

59650 Vlllansuvs D'Ascq

Tet (20) 91 41 26
TWX: 160124F

Hewlett-Packard France

Batxner-t Ampere

Rue de la Commune de Paris

BP. 300
93153 La Blanc Uasnll

Cedex

Tat (01)931 88 50
Teta21l032f

Hewlen-Pacxeid France

Av. du Pdl Kennedy

33700 Marlgnac
Tel (56) 97 01 61

Hewlell-Packard France

tnmeubie Lorraine

Boulevard de France

91035 Evry-Cedei

Tel- 077 96 60
Teta 692315F

Hewlett-Packard France

23 Rue Loeiale

57000 Mali
Tel (87) 65 53 50

GERMAN FEDERAL
REPUBLIC
Hewlell-Packard GmbH
Vertriebsientele Frank kxl

Berner Sense 1 17

Posltacli 560 140

0-6000 Frankfurt 56
Tel: I060HI 50041

Tata: 04 13249 hptlm d

Hewleti-Packaid GmbH
Technisches Buro Boclinoen

Herrenberger Slrasse 1 10

7030 Bbbllngan,

Wurttemberg

Tel (07031)667-1

Teta: 07265739 btn

Hewlell-Packard GmbH
Technisches Buro Dosseldorl

Emarxjei-Leulze-SIr i

(Seeslem)

0-4000 Dueeeldorf

Tel: (0211) 5971-1

Telex: 085/86 533 hpdd d

Hewlell-Packard GmbH
Technisches BOro Hamburg

Kapetadlring 5

0-2000 Hamburg 60

Tel: (040)63804-1

Telex: 21 63 032 hphh d
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Hewlett-Packard GmbH
Technisches BUro Hannover

Am Grossmarkl 6

2-3000 Hannover 9:

Tel: (0511146 60 01

Telex: 092 3259

Hewn-Packard GmbH
Teclw-scnes BUro NUrnberg

Neumeyerstrasse 90
D-S500 NUrnberg
Tel: (091 1)52 20 83
Telex: 0623 860

Hewlett-Packard GmbH
Technisches BUro MOnchen

Eschenstrassa 5

0-8021 Tautklrchen

Tel: (0891 61 17-1

Telex: 0524985

Hewlett-Packard GmbH
Technisc-nes 80ro Berlin

Kaithstrasse 2-4

D- tOCO Berlin 30

Tei: 1030) 24 90 86
Te*<: 018 3405 hpbln a

GREECE
<ostas Karayennis

8 Omlrou Slree!

Athem 133

Tel: 32 30 303/32/37 731

Tele;.: 21 59 62 (WAR GR

GUAM
Guam Medtea Supply. Inc.

Sum C, A/port Pta
P.O. Be* 8947

Tamunlng 96911

let 646-4513

GUATEMALA
PESA
Avenkte Relorma 3-48

Zona 9

Guatamala City

T«: 316627.314786.

66471-5, en. 9

Tele.: 4192 TeteUo Go

HONG KONG
Hewlett-Packard Hong Kong

Lkt

1 tm Floor. Four Seas Bktg

212 Neman Rd
Kowloon
Tel: 3-697446 (5 Hies)

Teleit 36678 HX

UeckcaL'Anatybcal Only

Schmidt i Co. (Hong Kong)

LB.

Wng On Cenire. 28th Floor

Connaugrt Road. C.

Hong Kong
Tel: 5-455644

Mt 74766 SCHUX HX

INDIA
Blue Star lid

Sanaa

414/2 Vr Sevarkar Marg

Prabhadevi

Bombay 400 025

Tel: 45 78 87
Telex: 011-4093

Blue Star Lid.

Band Box House

Prabhadevi

Bombay 400 025
Tel: 45 73 01

Telex: 011-3751

Sue Star Ltd.

Stadium Road
Ahmadebad360 014

Tel: 43922
Telex: 012-234

Bkje Star Lid.

7 Hare Streel

Calcutta 700 001

Tel: 23-0131

Telex 021-7655

Blue Star Ltd

Bhandarl House

91 Nehru Place

New Oalnl 110 024

'el: 682547

Teiex: 031-2463

Bue Star ltd.

T.C. 7/803 'Poomlma'

Marulhankuzh

Trlvandrum 695 013
Tel: 66799

Telex: 0884-259

Blue Star Lid.

1 1 Magarath Roao
Bangalore 560 025
Tel: 55666
Telex: 0845-430

Blue Star lid.

Meeaksn- Mandlrem

XXXXV/1379-2 Mahalma

Gandbi Rd.

Cochin 682 016
Tel: 32069

Telex: 085-5 14

Bue Star Lid.

M--I7/1 Sarofr. Oevi Road
Sacundarabad 500 033

Tel- 70126
Telex: 0155-459

Blue Siv ltd,

133 KMMMHBM MB Road

Madras 600 034

Tel: 82057

Telex- 041-379

ICELAND
MtdcalOnly

Eking Tredng Company Be
Haawnvoi - Tryggvagotu

PO Bo. 895
iS-Reyk|a»*

Tel: 158 20/1 63 03

INDONESIA
BERC4 InooneM P.T

P.O. Box 498/Jkt

Jin AscU Mus 62
Jakarta
Tel 349255. 349SB6
Telex: 46748 BERSIL l»

BERCA moones* P.T.

P.O. Box 174/Sby.

23 Jn. Jtmerto

Surabaya
Tel: 42027

IRELAND

Hewlett-Packard Ltd

test-el House

Ctanwilliam Place

Lower Moult Street

Dublin 2, Eire

Hewlett-Packard Ltd

2C Avongoerg knd Est

Long Mile Road
Dublin 12

Tel: 514322/514224
Telex: 3043B

MeOcal Only

Cardiac Services (Ireland) Ltd.

Kilmore Road

Anane

Dublin 5. Eire

Tel: (01) 315820

Medical Only

Cardiac Services Co.

95A Fmaghy Rd. South

BallaatBTlOOBV
Q8-Nohhern Ireland

Tel: 10232) 625566
Telex: 747626

ISRAEL
Electronics Engineering 0>v.

ol Motorola Israel lid.

16, Kiemenelskl Street

P.O. Box 25016
Tel-Aviv

Tel: 38973

Telex. 33569. 34164

ITALY
Hewlett-Packard llatiana S p. A.

Via 3 Oi Vittono. 9

20063 Cernuaco Sul

Navlgllo (Ml)

Tel (2)903891

Telex- 334632 HEWPACKIT

Hewlett-Packard iiabana S.p.A.

Via Turaiia, 14

35100 Padova
Tel: |49l 684888

Telex: 430315 HEWPACKI

Hewietl-Packaid Italiana S.p.A.

Via Q. Armelllm to

1-00143 Roma
Tel: (06) 54 69 61

Telex 610514

Hewlett-Packard na' ana S p.A.

Corso Giovaiw lania 94

I- 10 133 Torino
Tel: (01 II 659308
Telex: 221079

Hewlett-Packard naiiana S.p.A.

via Prnclpe Mcota 43 3.

:

1-95126 Catania
Ter (095) 37 05 04

Teku: 970291

Hewlett-Packard Ulana S.p A
V* Nuove tan Rocco A

Capadimonle, 82A

10131 Napsll

let (081)710698

Hewlett-Packard Ulana S pA
VH Marun Luther Kng. 38/1 1

1

:-40l32 icJogna
Tel: (051) 402394

Tele. 511630

JAPAN
Yoxogawa-Hewteti-Peekero

ltd.

23-2'
.
•a.eido Hgisr

3-thome

Sugmam-ku, Tokyo 168

T»: 03-331-6111

Telex: 232-2024 VHP-Tokyo

Yokogawa-Hewleti-Ptckaro

lid.

CrtUO Hi; 4|- FIOC

4-20. Niehinakaiima 6-chome

vodogewa-ku. On.ka-mi

Oaake, 532
Tel: 06-304-6021

Telex: 523-3624

Yokogiwa-Hewtelt-Pacxird

lid.

Sunllomo Seimei Nagaya Bidg.

n-2Snimoma»mi-cho,
Nekamura-ku, Nagoya, 450
Tel: 052 571-5171

Vokogawa-Hewlett-Packarc

Lid.

Tanlgawa Bullong

2-24- 1 Tiuruya-cno

Kanagawa-ku

Yokohama, 221

Tel: 045-312-1262

Telex: 382-3204 VHP VOK

Yokogawa-Hewletl -Packard

ltd.

MHO Mllaui Buying

105, 1-cnome. San-no-maru

mho, oararji 3 to

Tel. 0292-25-7470

Yokogawa-HeweitPackatc

lid.

Inoue Buvding

1348-3. Aeahicho. 1-chome

Ateugl, Kanagawa 243
Tel: 0462-24-0452

Yokogawa-Hewlett-Packard

Lid.

Kunagaya Asatu

Hacnixjnl Buding

4th Floor

3-4 Tsukuba

Kumagaya, Sa>lama 360
Tel 0485-24-6563

JORDAN
Mouasher Cousins Co.

P.O Box 1387

Amman
Tel: 24907/39907

Telex: SABCO JO 1456

KENYA
ACCOM no., tnc

P.O. Box 30070
Nairobi

Tel: 331955

Telex 22639

Medica Only

Internat-onat Aeradio lE.A) ltd.

P.O Box 19012

Naifor. A 'con

Nairobi

Tel 336055/56

Telex: 22201/22301

MeocalOnly

miernanonal Aeradio IEA.) ltd.

PO 60x95221
Mombasa

KOREA
Samsung Eecttones Co.. Ltd.

4759 S7vngJ-60ong

Yeong Oeung POU
Seoul
Tel: 833-4122, 4121 .

MB SAMSAN 27364

KUWAIT
Al-Knaloya Trading 8

Conlracung

PC Bo. 830-Salal

Kuwait

Tel 42 4910/41 1726

Telex: 2481 A'eeg kl

LUXEMBURG
Hewlelt-Packard Benekiz

SA7N.V.

Avenue du Col-Vert, 1

IGroenkraagiaan)

B-VJOBrueeele
Tel: (02) 660 5050
"e t .

. 23 494

MALAYSIA
Hewlell-Packarc Sales

(Malaysia) Sdn. Bhd.

State 2.2 V2.22
Bangunan Angkasa Raya
Jatan Ampang

Kuala Lumpur
Tel: 483680, 485653

Prolel Engineering

P.O. Box 1917

Let 259, Sato. Road
Kuchkig, Sarawak
Tel: 53544

MEXICO
Hewiell-Packa'd Mexicana.

S.A de C.v

Av. Peritertco Sur ho. 6501

Tepepan, XociwrUIco

Mexico 23. OF.

Tel: 905-676-4600

Tim: 017-74-507

Hiwllll-Packard Mexcana,

S A. de C-V.

no Volga S600
Col. 0* Vase

Monterray, N.L.

Tel: 78-32-10

MOROCCO
De-Beau

81 rue Kaiatcrti

Caiablence
Tel: 3041 82
Telex: 23051/22822

Gerep

2, rue d Agadir

Soite "osiat 156

Caaablanca
Tel: 272093/5

Telex: 23 739

MOZAMBIQUE
A.N. Goncaives. lid.

162. 1° Apt. 14 Av. D lus
Caixa Poslal 107

Maputo
Tel 27091.27-14

Telex: 6-203 NEGON Mo

NETHERLANDS
Hewlett-Packard Benelux N.V.

Van Heuven Goecnartlaan 121

P.O. Box 667

118-KK Ametelveen
Te.: 1201 47 20 21

Telex: '3 216

NEW ZEALAND
Hewlett-Packard (N.z.) Lid.

4-i2Cu«:ksr-ankStreei

Kilbirnie. Weangtor, 3

P.O 80x9443
Courtney P-ace

Wellington

Tel: 877-199

Hewlett-Packard (Nil ltd

P.O. Box 26-189

169 Manukau Road

Epsom. Auckland
Tel 687-159

AnaiyaceiVetScal Ony
Northrop Instruments &

Systems Ltd..

Stj-cee House

85-67 Ghuznee Street

P.O. Box 2406

Wellington
Te.: 850-091

Telex: NZ 31291

Nonhrup xvsl'umenls 6
Systems Ltd.

Eden House. 44 Knybei Pass

Rd.

P.O. Box 96S2. Newmarket

Auckland 1

Tei: 794-091

Norlhrup Instruments 8
Systems ltd.

Terrace House. 4 Cxlord

Terrace

P.O. Sox 8388
Chrlatchureh

Tel: 64-165

NIGERIA
Tne Eiecuonics

Instnxnenlalions Lid.

N667770 Oyo Road
Oluseun House

P.M.8. 5402

Ibadan

Tel: 461577

Telex: 31231 TEILNG

The Electronics

instrumentations Ltd.

1 44 Agege Motor Road. Mutrwi

P.O. Box 481

Mushin, Lagos

NORWAY
Hewletl-PackarC Norge A/S

Ostencaien 18

P.O. Box 34
1345 Oataraaa
Tel: (02) 1711 80
Telex: 16621 bMH n

476



Hewlett-Packard Norge A/S

Nygearasgaw- 114

P.O Box 4210

50i3Nyg<vd(fiii«a
Oorgtn

Tec (05] 21 97 33

PANAMA
Electrortco BaBoe. SA
Aca'alaM 4929
Panama 5

Cilia Samuel Lewis

EcHvcio "Alia.' No 2

Cludad de Panama
Tel: 64-2700

Telex: 3483103 Curundu

Cana; Zona

PERU
Companla Electro Medlca S.A.

Los Flamencos 14S

San Isloro CasAa 1030

Lima I

Tel: 41-4325

Telex: Pub Booih 25424

SISI0R0

PAKISTAN
Muthko A Company Lid.

Oosman Chambers

Abdullah Haroon Road

Karachi-;

Tel: $"027, 512927

Telex 2894

Mushko A Comciany. Lid.

10. Bazar RG.

Sector G-674

lalamabad

M 28264

PHILIPPINES
Tne Online Advanced Systems

Corpotakon

ftco House

Amorsoio cor. Herrera So

Legate Wage. Makal

P.O Bo> 1510

Utto Manila

Tel: 85-35-81. 85-34-91

85-32-21

Tale. 3274 ONLfC

RHODESIA
F*M Tecnnical Sales

45 Ketvn Road Nor*

PO BOI3458
Sallabury

Tel: 705231(5 >nes)

Teiex RH4122

POLAND
Bmro kilormaqi Technicznei

|
Hewlett-Packard

Ul Slawki 2. 6P

PLOO-950 Wareiawa
Tel: 39 59 62, 39 51 87

Tele.: 81 24 53

PORTUGAL
Teieclia-Emcresa Taenia de

Equipamenlos Electncos

S.a.n

Rua Rodr go da Fonseca 103

P.O. Box 2531

P-Llabon 1

Tel: 119) 68 60 72

Tele.. 12596

Medical Only

Mummter

miercambo Mono* oe

Comerckj 5 a r I

PO Bo. 2761
Avemda Antonio Auguslo

de Agutar 138

P-Uetwn
Tel: (19) 53 21 31/7

Telex- 16691 munlerp

PUERTO RICO
HtwkMl-Packard Inter-

Ajrericas

Puerto Rco Branch Ortce

Cae»272.

S203 l»b Country cut
Carolina 00630
Tel (809) 762-7255

Tele. 345 0514

QATAR
Nasser Tracing & Conflac'ung

PO Bo. 1563

Doha
Tel 22170

Tele. 4439 NASSER

ROMANIA
Hewlett-Packard

Reprezentanta

8d.n Baicescu 16

Bucurastl
Tel. 15 80 23/13 88 85
Telex: 10440

SAUDI ARABIA
Modem Electron*:

Esladishmenl [Head Oflice)

P 0. Box 1228. Baghdaoah
Slreet

Joddah
Tel: 27 798
Telex: 40035
Cable: ELECTA JEOOAH

Modern Electronic

Eslaolishmenl (Branch)

P.O Box 2728
Riyadh
Tel: 62596/66232

Telex. 202049

Modern Electronic

Establishment (Branch)

P.O. Box 193

Al-Khober

Tel: 44678-44813

Tele.: 670136

Cable: ELECTA AL-KHOBAR

SINGAPORE
Hewlett-Packard Singapore

(Pie) LM.

6m Floor. txneape House

450-452 Alexandra Road

P.O. Box 58
Alexandra Post Oftce

Singapore 9115

Tet 6317B8
Tease HPSGRS 21486

SOUTH AFRICA
Hewlett-Packard South Attica

(Piy-l LM.
Privale Bag Wendywood.

Sandlon. T-ansvaal. 2144
Hewtetr-Packard Centre

Daphne Street. Wendywood.

Sandton, 2144

Tel 802-5111/25

Telex. 8-4782

Hewlett-Packard South Alrca

IPIy.J. Ltd.

P.O. Box 120

Howard Place.

Cape Province. 7450
Pine Park Centre. Forest Dftv*,

Plnelanda,

Cape Province, 7405

Tel: 53-7955 Ihru 9
Telex. 57-0006

SPAIN
Hewlett-Packard Espancwt,

S.A.

Case Jerez 3
E.Madrid 16

Tel: |l) 458 26 00 (10 lines)

Telex: 23515 hpe

Hewlett-Packard Espanola S A
Colorua Mvaserra

EdifcioAjoan

c/o Costa Btava. 13

Madrid 34

Hewlett-Packard Espanola.

SA
MaBnesado 21-23

; Barcelona 17

Tet (3) 203 6200 15 tries)

Tatar 52603 robe e

Hewlett-Packard Espanola.

SJL
Av Ramon y Cajal. 1

ErJfioo Sevla, puma 9*

E-Sevllla 5

Tel: 64 44 54/58

Hewtell Packard Espanola S A

ErMoo Aba 1 7* B
E Bilbao i

Tet 23 83 06723 62 06

Hewlett-Packard Espanola S A

C/Hamon Gorrxo 1

(Emo.)

E Valencia 10

Tet: 96-361 13.54/361 13 58

SRI LANKA
MetfopoMan Agencies Lid

209/9 Urvon Pace

Colombo 2

Tel: 35947

Tele.: 1377METROLT0CE

SUDAN
RarJson Trade

P.O Box 921

Khartoum
Tel' 44048

Telex: 375

SURINAM
Surlel Radio Holland N V.

Grola Holslt 3-5

P.O. Bo. 155

Paramaribo
Tel: 72118. 77880

SWEDEN
Hewletl-Packald S'-erge AB

Emgneisv»geft 3. Fack

S-161 Bromma 20
Tel: 108) 730 05 50

Tele. 10721

Cat*: MEASUREMENTS
Stockholm

Hewlett-Packetd Sve"ge AB

Frtj'-aBgalen 30
S 42" 32 VAttra

Frolunda

Tel (0311 «9 09 SO
Telex 10721 na Bromma

ottce

SWITZERLAND
Hewlett-Packard (Schwau) AG
Zurcnerstrasst 20
P.O Bo. 307

CH-6952 Schlleren-

Zurlch

Tet (01) 7305240

Telex 53933 hpag ch

Cat* HPAG CH

Hewielt-Packard (Schwetz) AG
CnaTeau Bloc t9

CH 1219 La Llgnon-

Geneva
Tel: 1022) 96 03 22
Tele.: 27333 hpag ch

Cat*: HEWPACXAG Geneva

SYRIA
General Electtonic Inc.

Nuri Basha-Ahnat Eon Kays

Slreet

PO Bo. 5781

Damaacua
Tel: 33 24 87

Telex: H215ITIKAL

Cable: ElECTROBOR

DAMASCUS

Medical only

Sawah a Co.

Place Azme
B P. 2308
Damaacua
Tel 16 36719 697-14 268
Telex: 1 1304 SATACO SV

Cat*: SAWAH. 0AMA5CU5

SuOnan Wat El Mlawi

P Bo. 2528
Mamoun BUr sttiel. 56-58

Damaacua
Tel 11 46 S3
Taws: 11270

Cat*: HLAL DAMASCUS

TAIWAN
Hewlett-Packard Far East Lid.

Taiwan Branch

Bank Tower. 5th Floor

205 Tun Hau NonK Road

477

TUP*
Tel: (02) 751-0404 (15 mes)

Hewlett-Packard Far Easl ltd

Taiwan Branch

68-2. Chung Cheng 3rd Road

Kaohaiung
let (07) 242318-Kaonsuig

Anarytea. Only

San Kwang Instruments Co..

LM
20 Yung Six Road

Talpal

Tel 3615446-9 (4 lives;

Tele.: 22894 SANKWANG

TANZANIA
Medical Ortfy

international Aeradio (EA). Ltd.

P.O. Box 861

Dar as Salaam
Tel: 21251 E.t. 265

Telex. 4 1030

THAILAND
UNkUESA Co Ltd

Eicom Research Biilckng

2538 Sukumvit Ave.

Bangchak, Bangkok
Tel: 39-32-387. 39-30-338

TRINIDAD A
TOBAGO
CARTEL

Cant-bean Telecoms Lid

P.O Box 732

69 Frederic* Street

Port-ot-Sp-Jin

Tel: 62-53068

TUNISIA
Turks* Eiecltonioue

31 Avenue de la Lfcene

Tunla

Tel: 280 144

Corema
l let Av.de Carthage

Tunla

Tel: 253 821

Telex: 12319 CABAM TN

TURKEY
TEKHtv. Company L'd

Rtza Sen Pehlevi

CadcesiNo. 7

Kavakadere Ankara
Tel: 275800
Tele.: 42155

Tefcnim Com , Ltc.

Barbaros Bulvan 55'12

Besaxyas, latanbul

Tel: 613 546
Telex: 23540

E.M.A.

Murendislik Koaektit Slrketi

MedlhaEloemSokak41/6
YUksei Caddesl

Ankara
Tel: 17 56 22

Yllmaj Ozyurek

Milt Mudalaa Cad 1676

Kiriey

Ankara
Tel: 25 03 09 • 17 80 26
Telex. 42576 OZEK TR

UNITED ARAB
EMIRATES
Envtac Ltd. (Head Office)

P 0. Box 1641

Shariah

Tel: 354121/3

Telex: 6136

Erntac Ltd. (Branch Oflice)

P.O Box 2711

Abu Dhabi

Tel: 331370/1

UNITED KINGDOM
Hewlett-Packard LM
Kng Street Lane

Wlnnersh. ttaknftm
Berkshire RG" 5A9

GBEngtjnd

Tel (0734) 764774

Tele.: 84 71 78/9

Hewielt-Packard LM
Founer House.

257-263 Hxjh Steel

London Comey

St. Albans. Herts

GB-Engiand

Tel: (0727) 24400

Telei: 1-8952716

Hewlett-Packard Ltc

Icajajpsf House

>.a.icai on Road
Altrlnchsm

CheshtfeWAU inu

G8-England
Tel: (061)928 6422

Telex: 666068

He* ell-Packard Ltd.

Lygon Court

Heraward Rise

Dudley Road
Halesowen,
Wesl Midlands. B62 850

GB-Englano

Tel: 1021) 501 1221

Telex: 339105

Hewielt-Packard Lid.

Wedge House

799. London Road
Thornton Heath
Surrey. CR4 6XL

GB-England

Tel: (01)684-0103/8

Telex 946825

Hewielt-Packard LM.

14 Wesley Si

Castleford

YorksWFlO 1AE

Tel- 10977) 550016
TWX: 5557335

Hawieri-Packard LM
"race. House

St Mary's Wa*
Maidenhead
Ber.stwa. SL6 1ST

GS-EnrjuvvJ

Hew«tl-Packard LM.

Money Roac
Staplehlll

Bnslol. BSI6 40T
3B-:ncariC

Hewlett-Packard LM.

South Oueanalarry

West Lomian. EH30 9TG

GB-Scocand

Tet (0311 331 1188

Telex: 72682

UNITED STATES

ALABAMA
700 Century Park South,

Suite 128

Birmingham 35226
Tel: (205) 822-6802

P.O. Box 4207

8290 Whilesburg Dr

Huntsvllle 35802
Tel: (205) 881-4591

ARIZONA
2336 E Magnolia SI.

Phoenix 85034

Tel: (602) 273-8000

2424 East Aragon Ro

Tucaon 85706
Tel (602) 273-BOOO

ARKANSAS
Meccal Service Only

P.O. Box 5646

Brady Station

Little Rock 72215

Tat- (501)376.1844

CALIFORNIA

1579 W. Shaw Ave.

Freans 93771
Tel (209) 224-0582

1430 East Orangernorpe Ave
Fullarton 02631

Tel: (714) 870-1000



5«e »« noMc/jw Bvc
P.O. Boi 92 '05
World Way Postal Center

Lot Angelas 90009
Ta (213) 97O-7500
TWX: 910-325-6608

3939 LankersNm 8ou*va'd

North Hollywood 9'604

Tel: (2131 877- 1282

TWX: 910-4992671

3200 Hillview Av

Palo Alio. CA 94304

Tel: (408) 988-7000

646 W. Norn- Ma'kel Bi<d

Sacramanlo 95834
Tel: 1916) 929-7222

9606 Aero Orrve

P.O. Box 23333
San Diego 92 123

Tel- (714)279 3200

363 Brookholow Or

Santa Ana, CA 92705
TeL (714)64143977

3003 Scod Boulevaid

Santa Clara 95350
Tet 1408) 988-7000
TWX: 910-338-0518

454 Cation Coufl

So. San Francisco 94080
Tei: (4 15) 877-0772

Tarzana
Tel- (213) 7053344

COLORADO
5600 DTC Parkway

Englowood 80110

Tel: (303) 771-3455

CONNECTICUT
47 Barnes Inoustr-al Road
Barnes Park Sour
Walllngford 06492
Tei: (203) 265-780'

FLORIDA
PC. Box 24210

2727 N.W. 62nd Slreel

Ft. Laudardala 33309
Tel: 1305) 973-2600

4080 Woodcock Drive a 132

3'ownetl BuilQng

Jackaonvllla 32207

Tel (904) 398-0663

P.O. Box 13910

6177 Lake Ellenor Or

Orlando 3ZB09
Tel: 1305) 859-2900

P.O. Box 12826

Sole 5. Bldg l

Otfice Park No*
Panaacola 32575

Tel (904) 476-8422

pa Sooft Hoover Blvd.

Stale 120

Tampa 33609
Tat (813) 872-O900

GEORGIA
P.O. Box 105005
450 interstate North Parkway

Atlanta 30348

Tel (404| 955- 1500

TWX:810-766-4B90

Medical Service Only

Augusta 30903
Tel: 1404) 736-0592

P.O. 8o> 2103

1 172 N. Davis Drive

Warner Robins 31098
Tel. (912| 922-0449

HAWAII
2875 So. King Slreel

Honolulu 96826
7e:(808i 955-4455

ILLINOIS

21 • PtospeclRd.

Bloomlngton 61701

Tel (3091 6634)383

5201 Tea-new Dr

Rolling Meadows
60008
"el: 13 12) 255-9800

TWX: 910-687-2260

INDIANA
7301 NoMh Shacelanc Ave.

Indianapolis 46250

Tel. (3171 842-1000

TWX 81C-260-17S7

IOWA
24l5HeinzRoac

Iowa City 52240
Te,: 1319)35 1-1020

KENTUCKY
I0i70 L«i Station Road
Suae 525
Louisv.i.a 40223

Tet (5021 426-0100

LOUISIANA
P.O Box 1449

3229-39 Wwts Bojevard

Kannar 70062
Tel: (504) 443-6201

MARYLAND
7121 Siandaid Orne

Parkway Incusira Center

Hanover 21076
Tel: (301) 796-7700

TWX: 710-862-1943

2 Choke Cherry Road
Rockvllla 20850
Tel: (301)948-6370

TWX: 710-828-9684

MASSACHUSETTS
32 Hertwei Ave.

Lexington 02173

Tat (617) 881-8960

TWX 710-326-6904

MICHIGAN
2385S Research Dr v-

Farmlngton Hills 48024

Tel: 1313) 476-6400

724 Wesl Centre Ave.

Kalamazoo 49002

Tel (616) 323-8362

MINNESOTA

2400 H, Prior Ate.

St. Paul 551*3

Tel: |612) 636-0700

MISSISSIPPI

322 N. Marl Plaza

Jackson 39206
Tel: (601) 982 9363

MISSOURI
11 131 Colorado Ave.

Kansas City 64137

Tat (8161 763-8000

TWX 910-771-2087

1024 rmi dftg Parkway

St. Louis 63141

Tel: (314) 878-0200

NEBRASKA
Medica Only

7101 Mercy Road
Sullc 10:

Omaha 66106
Tel: 1402) 3920948

NEVADA
'Las Vegas
Tel (702)736-6610

NEW JERSEY
Crystal Brook Professions

B :'-:

Poule35

Ealontown 07724

let (201) 542-1384

W l20Ce-turyRo

Paramus 07652
Tel (201) 265-5000

TWX 710993-4951

NEW MEXICO
P0 Boi 11634

Station E

1 1300 lomas Blvd.. RE
Albuquerque 87'23

Tel: 1505) 292-1330

TWX: 9*0 9B911BS

156 Wyalt Owe
Las Crucas 8800'

Tel (505! 526-2484

TWX: 910-9983-0550

NEW YORK
6 Automation lone

Computer Park

Albany 12205

Tel: 1518)458-1550

TWX: 710-444-4961

650 Perlnlon Mil Office Park

Falrport 14450

Tel (718)223 9950

TWX5IO-253-0092

No. 1 Penr.sy vanta Ptaia

55th Floor

34m Slreel & Bin Avenue

Haw York 10001

Tel: 1212)971-0800

5858 East uc -j, fload

Syracuse '321'

Tel (315)455-2486

1 Crossways Pant Wast

Woodbury 11797

Tel: (516)921-0300

TWX 510-221-2183

Tel: (513)671-7400

NORTH CAROLINA
5605 Roanne Way
Greensboro 27409

Tel: (919) 852- '800

OHIO
MedtcairCompuler Only

9920 Carver Road
Cincinnati 45242
Te- IS'3l 991-9870

•650C Sp'igue Road

Cleveland 44130

T* (216)243-7300

TWX: 810-423-8430

962 Crupper Ave

Columbus 43229
Tel (6 14) 436- 1041

330 Progress Ro

Dayton 45449

Tel (5131 859-8202

OKLAHOMA
PO Box 32008
6301 N Meridan Avenue

Oklahoma City 731 12

Tel (405)7210200

9920 E 42no Street

Sum 121

Tulsa 74145

Tet (9181 865-33O0

OREGON
17890 SW Lower Booties

Ferry Road
Tualatin 97062

Tel (5031 620-3350

PENNSYLVANIA
1021 8lh Avenue

King ol Prussia Industrial Par*

King 01 Prussia 19406

Tel- (215)265-7000
TWX: 5 10-660-2670

1 1 1 2ela Drive

Pittsburgh '5238

Tel: (4'21 782-04DO

SOUTH CAROLINA
P.O. Box 8442
69> '-0N Trennozn Road
Columbia 29206
Tet (8031 782.6493

TENNESSEE
8906 Kngston Pke
Knoxvllle 37919

Tet (615)691-2371

3070 Directors Ro*

Directors Square

Memphis 3813

Tei: (901) 346-8370

'Nashville

Medical Service Only

Tet (6151 244-5448

TEXAS
4171 Nor* Mesa

Suite C1 10

El Paeo 79902

Tel: 1915) 533-3555

P.O. Box 428 16

10535 Harwm Si

Houston 77036

Tel: (713) 776-6400

Lubbock
'".-. --.:•:.
Tel: (806) 799-4472

P.O. Box 1270
201 E. AtapahoRd

Rlcherdeon 75081

Tel:(214)23'-6'01

205 Bffly Mitchell Road

San Antonio 78228
Tei: (512) 434-824

1

UTAH
2160 Soulh 3270 Wesl Slreel

Salt Lake City 84119

Tel: 1801) 972-47'

1

VIRGINIA

P.O Box 9669
2914 Hungary Sprng Road
Richmond 23228
Tel: (804) 285-343'

Cotrouter SystemsAteocal

Crty

A'port Executive Center

Sate 3:2

5700 Trvjrston Avenue

Virginia Such 23455
Tel: (8041 460-247'

WASHINGTON
Beielieid Office Pk.

1203- 1'4|h«ve. SE.

Bollevua 98004
Tet 1206) 454-397

1

TWX: 910-443-2446

PC. Box 4010
Spokane 99202
Tel" (509) 535-0864

WEST VIRGINIA

Medical/Analytical Onty

4604 Mac Corkle Ave.. SE
Charleston 25304
Tei (304)925-0492

WISCONSIN
150 Sou* Sumy Slope Road
Brookllald 53005

Tet (414) 784-8830

FOR U.S. AREAS
NOT LISTED:
Contact the regional office

nearest you.

Atlanta. George North
Holly-wood, California.

,

Rockvllla. Maryland. .

.

Rolling Meadowa. Illinois.

Their complete addiesses

are listed aoove

USSR
Hewlett-Packard

Fecresental've Oltce

USSR
Pofcrcvsxy Bouktvarc

4/17-kw 12

Moacow 101000
Tel: 294.20.24

Telex 7825 newpak su

YUGOSLAVIA
Kkra Commerce, n so
Zastopstvo fcewten-Packard

Coice* Venae 26
YU 11000 Baograd
Tel 636-955

Telex: 11530

Iskra Commerce, nsol 0.

Zaslopslvo Hewktlt-Packaro"

Mikosice.a 38/ui

vu-6l00D Ljubljana

Tel: 321-674, 315-879

Teiex: 31583

URUGUAY
Pablo Ferranoo SACel.

Aventda llalia 2877

Casilla oe Correo 370

Montevideo
Tet 40-3*02

Te ex 702 Puofc Boom
Pa-a Pablo Ferranoo

VENEZUELA
Hewtett-Packa-o de Venezuela

CJV.

P.O. Box 50933
Caracas 105

tos Rulces None

3a Transversal

Eaitico Segre

Caracaa 107

Tel: 239-4133 (20 lines!

Telex- 25146 HEWPACK

ZAMBIA
R.J. Tilbury IZsmbia) Lid.

P.O. Box 2792

Lusaka
Tel: 78793

MEDITERRANEAN AND
MIDDLE EAST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hawa-n-PackardS-A.

Mediterranean and Leeds* East

Operations

35 Kolokotron Sreel

Plata Kerallanoj

GB-Kifissie-Athtna, Greece

Tel 8080359/429

Telex 21-6588

Cable: HEWPACKSA Alhens

SOCIALIST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewlett-Packard Ges.rn.bt-

Handelskai 52
P.O Box 7

A- 1205 Vienna, Auslna

Tei: 10222) 35 16 21 to 27

Cable: KEWPAK Vienna

Telex 75923 newpak a

OTHER AREAS NOT
LISTED, CONTACT:
HewlettPackard

interconlmentai

3495 Deer Creek Road
Palo Alto, CaHoma 94304
Tel: (4'5|856-1501

TWX. 910-373-1267

Cable: HEWPACK Palo Alio

Tr:ex: 034-8300, 034-8493

Hewlell-Packarc S.A.

7. rue du Bols-du-Lar,

P.O. Bdi

CH-l2l7Meyrin2 Geneva
Swltzeiland

Tei: I022) 82 70 00
Cable: HEWPACKSA Geneva

Telex. 2 24 86

'Service Only
2-15-80

478
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HEWLETT
PACKARD

For more information call your local HP Sales Office or East 301 948-
6370, Midwest [312] 255-9800, South :404 955-1500, West 1 213 970-
7500 Or write: Hewlett-Packard Components, 640 Page Mill Road,
Palo Alto, California 94304. In Europe, Hewlett-Packard GmbH, P.O.
Box 250, Herrenberger Str. 110, D-7030 Boeblingen, West Germany.
In Japan, YHP, 3-29-21, Takaido-Higashi, Suginami-Ku, Tokyo 168.

Printed in U.S.A. Revised from 5953-0400

Data Subject to Change
5953-0429 F
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