Boards that plug into computers are attractive
alternatives to conventional instruments for many
test and measurement applications

IT IS DIFFICULT TO FIND ANY HUMAN
activity today that<hasn’t been
drastically changed by the per-
sonal computer. The PC has had
adramatic impact on the indus-
trial test and measurement
field, where PC-controlled auto-
mated test equipment and in-
strument clusters are now
reported to outnumber stand-
alone instruments.

PC-based instruments are
fundamentally plug-in circuit
boards supported by appropri-
ate applications software that
permit the computer to take on
the functions that were for-
merly those of stand-alone clec-
tronic test measurement in-
struments. Most PC instru-

ment circuit boards plug into
ISA-bus (Industry Standard Ar-
chitecture) slots in IBM-PC/AT
computers or compatibles, gen-
erally, but not exclusively, desk-
top models.

Eariy sales of PC-based test
instruments never reached ex-
pectations because they were
mistakenly targeted as direct re-
placements for benchtop,
stand-alone instruments. Be-
cause PC-based instruments
operate in the digital domain
and require that analog input
signals be first converted to dig-
ital signals, they can't respond
in real time as rapidly as, for
example, a permanent-magnet,
moving-coil meter movement.

TJ BYERS

It takes a finite amount of
time to digitize and process the
data, which puts PC-based in-
struments at a disadvantage in
performing and displaying real-
time measurements. Add to
that the cost of analog-to-digital
conversion electronics. This
reason alone ruled out the pos-
sibility that PC-based instru-
ments would ever be direct
replacements for most standard
test instruments.

However, PC instrument ad-
vocates, typically software and
hardware vendors, finally con-
vinced the industry that PC-
based test equipment's real
strength is in its versatility and
flexibility—it can respond

MON $21UQN8(T '£E6L 4890100

[2]
[7-]



Electronics Now, October 1993

£
[=]

rapidly to changing test situa-
tions. Because it is PC-based,
ils characteristics can be read-
ily changed with software.

In addition, several PC-based
instruments can be linked to-
gether to form an instrument
console or automated test
equipment (ATE] station. A sin-
gle computer enclosure can
hold more test instruments in
the form of plug-in boards than
a workbhench full of conven-
tional instruments. This fea-
ttre saves space and improves
test and measurement produc-
tivity. Moreover, PC-based in-
struments. unlike the conven-
tional instriiments, can fog data
avtomatically and store it for
delayed proressing,

Surveying the market
Personal computer plug-in
hoards fall into two categories:
controller/interface (mostly
those conforming to' the
IEEE-488 standard). and ana-
log/digital signal processing.
The IEEF-488 bus, widely
known as the General Purpose
Interface Bus (GPIB), is a digital
systemn that permits up to 15 in-
struments or devices to com-
municate with cach other. Its
primary purpose is to integrate
conventional dedicated instru-
ments from the same or dif-
ferent vendors. For example, an
ascilloscope from Hewlett-Pack-
ard can be integrated with a sig-
nal generator from Tektronix
into an instrument cluster. Un-
fortunately, the data transfer
rate between connected and
properly interfaced instru-
ments is quite slow, usually less
than 20 kilobytes per second.
Plug-in signal processing
boards have the speed and
power fo meet many of the latest
demands for high-speed auto-
mated testing. In the time it
takes a GPIB-interfaced device
to acknowledge a request to
send, a PC-based digital sam-
pling oscilloscope can log 1000
measurements, These boards
are sold as either general-pur-
pose data converters for analog-
to-digital or digital-to-analog
conversion, or as instrument-
specific boards that emuiate
such functions as an os-
cilloscope or frequency counter.

A BACKPLANE ENCLOSURE THAT ACCEPTS MANY PC-BASED INSTRUMENT and
overcomes noise and interference problems inherent in desktop computers. Rapid
Systems’ PCXI includes 7 to 13 ISA or EISA slots and a 200-watt power supply.

The only difference between
the two kinds of beards is that
Instrument-specific beards are
sold with software that auto-
matically makes the adapter
card look and act like a conven-
tional benchtop instrument.

Some plug-in boards perform
functions that cannot be per-
formed by conventional instru-
ments, yet others offer superior
performance at lower cost. A
prime example is Guide Tech-
nology’s G650 time interval
analyzer. [t costs less than haif
the price of a comparable time-
interval analyzer from Hewlett-
Packard. yet provides 2000
times the memory and 50 times
the throughput. However, this
particutar specification might
not take into account all of the
differences in performance or
features that would govern a
specific purchase.

General-purpose digital sig-
nal processing boards offer high
performance, but the user must
write his own program or buy it
{rom a software vendor such as
Hyperception. There is a lot to
be said for creating your own
PC-based instruments because
certain qualities can be empha-
sized. This is especially true if
the user is constrained by spe-
cific price or performance goals.

For example, when a Spec-
trum Signal Processing analog-
to-digital converter board with
16-bit reselution and a sam-
piing rate of 1563 kilosamples per
second is paired with Hypercep-
tions AMPS Windows software
program, the combination can
emulate four different instru-
ments:
¢ High-speed digital storage os-
cilloscope
® Fast Fourier Transform (FFT)
spectrum analyzer
® Programmable digital filter
® Digttal chart recorder

Alternatively, you can elect to
save money and buy Keithley
MetraByte's DAS-1200 ADC
beard with QuickBASIC sup-
port. It can create a 16-trace dig-
ital storage oscilloscope or
digital chart recorder for only
8449. The company says its
product is suitable for multi-
media applications.

PC-based instruments can be
expensive when compared with
their conventional counter-
parts. They could cost nearly
three times as much as the
stand-alone instrument. But
when you cluster a number of
instirument boards in a single
computer enclosure, or config-
ure one data converter board for
multiple functions. pricing can




favor the PC-based setup. As
with any buying decision, you
must shop wisely. The following
is an overview of a selection of
available PC-based test instru-
ments with a commentary on
what to look for when buying
each one.

Digital sampling oscilloscope

The most popular PC-based
test instrument is the digital
sampling oscilloscope because
it has the widest range of ap-
plications, and it takes advan-
tage of the computer monitor’s
large display screen. These in-
struments are available from
most PC instrument vendors,
and they range in price from
$595 to over 87000.

The core of the PC-based os-
cilloscope is the analog-to-dig-
ital converter (ADC). The resolu-
tion of the sampled input is
determined by the number of
ADC bits, which typically range
from 8 to 16. On-beoard random-
access memory (RAM} initially
captures the sampled wave-
form. As the on-board RAM is
used, the computer moves the
data from the on-board RAM to
its system memory, where it is
processed by the video circuitry
for display on the monitor.

The amount of RAM deter-
mines the length of the wave-
form that can be captured. At
high sampling rates, the memo-
ry is used very quickly. So make
sure that the system you specify
will not only sample as fast as
required (see the sidebar—Ana-
log-To-Digital, and Back Again),
but also for as long as required.
To avoid loosing data from
memory overflow, captured
waveforms can be stored on
hard disk with special software
programs called strearmners.

Most PC-based multichannel
oscilloscopes consist of a single-
channel, analog-to-digital con-
verter (ADC) and an input mul-
tiplexer, as shown in Fig. 1. The
multiplexer time shares the in-
put signals by allowing each of
them to be sampled indepen-
dently. To find the maximum
sample rate per channel, the
sampling rate of the ADC must
be divided by the number of
channels sampled. For example,
if an eight-channel board has a

performance specification of 1
megasample per second, each of
the eight channels would have a
sample rate of only 125 kilosam-
ples per second.

The maximum sample rate
might be specified with all
channels set at the same gain.
Changing the gain from chan-
nel to channel can slow the over-
all sampling rate.

One of the fastest PC-based
digital oscilloscope boards
available is Signatec’s DA500. It
has a sample rate of 500 mega-
samples per second, a 350-MHz
bandwidth, and is sold with
256 kilobits of RAM that can be
expanded fo 32 megabits.

At $595, the CompuScope
LITE from Gage Applied Sci-
ences seems Lo be the lowest
cost digital oscilloscope beard
available. It offers a 40 mega-
sample per second rate, a 7-
MHz bandwidth, and is sold
with 16 kilobits of RAM that is

PC-BASED TEST INSTRUMENT BOARDS such as CompuScope’s 220 plug into any

ISA or EISA PC expansion slot.

expandable to 64 kilobits,

Spectrum analyzer

Another common PC-based
instrument is a spectrum ana-
lyzer that examines the fre-
quency domain of the acquired
input data. The PC-based ver-
sion makes frequency domain
measurements with the fast
Fourier transform (FFT) tech-
nique. It digitally processes a
signal over a specific period of
time to provide frequency, am-
plitude, and phase information.
It can analyze periodic and non-
periodic signals.

Unlike the most common
common swept-spectrum or su-
perheterodyne spectrum ana-
lyzer architecture, the FFT
architecture can display the
data in a large number of for-
mats. These include rec-
tangular, triangular, exponen-
ttal, and extended cosine bell—
plus the classical Kaiser-Bessel
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PC-BASED INSTRUMENTS USE Windows 3.1. An example Is NCI's PA485 logic ana-

lyzer. Its operating screen is shown here.
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ANALOG-TO-DIGITAL AND
RETURN

The heart of ail PC-based test instru-
ments is either an analog-to-digital or
digital-to-analog converter—ADC or
DAC. Some products have both of those
functions on the same board, or built
wilhin the same function,

Centralto the operationof an ADCisa
clock that generates pulses to drive the
conversion electranics. The time taken
¢ perform one complete conversion cy-
cle in an ADC is called the sampling
rale, and it is usually specified in kilo-
samples per second or megasamples
per second.

General samplling theory—com-
monly referred lo as the Nyquist the-
orem—slates that the minimum sam-
pling rate must be at ieast twice as fast
as the highest frequency component in
the inputl or output signal being
sampled. To sample a 2-MHz sinewave,
for example, the sampling rate must be
at least 4 megasamples.

Thie maximum sample rate for a board
depends en its ADC. There are three
principal circuil architectures for con-
verting analog signals to lhe digital out-
put that the computer needs to process
the data: dual-slope,. successive ap-
proximation, and flash conversion. Of
these, only successive approximation
and flash converters can perform the
conversions fast enough for instrumen-
lation emulatiorn.

AMPLIFIERS
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FiG. 2—SUCCESSIVE APPROXIMATION
analeg-to-digital converter block di-
agram,

A successive approximation (SA}
converter consists vl @ comparator, a
DAC, and successive approximation
counter and logic as shown in Fig. 2.
The analog input signal is first buffered
and conditioned by the comparator. The
converter compares an unknown ana-
log voltage against a group of weighted
references in a process thal is analo-
gous to the weighing of an unknown
quantity on a precision balance.

In that process a sel of weights in
descending order of value is tried, start-
ing with the largest. Any weight that tips
the scale is removed. At the end of the
process when balance is achieved, the

I
CONVERTER INTERFACE

COMPUTER

FIG. 1—MULTI-CHANNEL PC-BASED instruments include a single A’D converter and
an input multiplexer that switches each channel,

&

and Hamming formats.

Mast PC-based FFT spectrum
analyzers process the data col-
lected by a digital sampling os-
cilloscope through an FFT
software program. The price of
the FFT software varies accord-
ing to manufacturer and dis-
play options, but can cover the
rather wide range of $100 to
$1000. While each program is
dedicated to the PC board for
which it is written, one can pur-
chase software packages from

vendors such as Geolest and
Hyperception that support a va-
riety of boards from different
vendors.

The FFT calculations are done
by the PCs CPU, so the faster
the processor, the faster the
data throughput. In some
cases, installing a math
coprocessor chip, such as an In-
tel 287 or 387. can improve
throughput up to 10 fold. How-
ever, Intels 486 processor with
its built-in math coprocessor
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FIG. 3—BLOCK DIAGRAM OF A FLASH
analog-to-digital converter.

sum of the weights remaining on the
scale represents the unknown value.

Similarly, after successive stepping,
the successive approximation DAC's
digital output equals the unknown inpul
voltage. A ten-bit SA converter, for ex-
ample, can make 10-bit conversions of
an unknown voltage in less than 20 mi-
croseconds.

A flash converter is an ADC for high-

speed, high-resclution conversion. As
shown in the simplified block diagram
Fig. 3, it consisis of a parallel array of
voltage comparators, a weighted re-
sistor network, and encaoding logic. It
pertarms analog-to-digital conversion
with one comparator for each possible
level, and it feeds the input signal to ail
comparators. The digital cutput is taken
from the encoding logic. Flash convert-
ers require 2, — 1 comparaltors for an n-
bit binary word.
_ The SA DAC take mare time to setile
on a digital outpul value than the flash
converter. However, an SA DAC in inte-
grated circuil form costs less than a
flash converter DAC IC, so now it is the
DAC maost widely used in the present
generation of PC-based instruments.

dramatically reduces calcula-
tion time.

Nevertheless, there are test
situations in which even a 486-
based PC with an FFT board
isn't fast enough. This can oc-
cur when meore than one chan-
nel of data is being processed,

However, adding a digital sig-
nal processor (DSP) integrated
circuit to the ADC board can im-
prove FFT throughput. By mov-
ing the FFT calculations from
the computer to the DSP device,




WHERE TO BUY

Gage Appiied Sclences, Inc.
_ 5465 Vanden Abecle .
Montreai, Quebec
Canada H4S 151
(514) 337-6893
_ CIRCLE 360 ON FREE INFORMATION CARD

Geotest -
18242 West McDurmaott Si.

Suite A

frvine, CA 82714

{714) 263-2222

CIRCLE 361 ON FREE INFORMATION CARD

Guide Technology In¢.
920 Saratoga Ave.
* Suile 215
_San Jose, CA 95129
(408) 246-9305
CIRCLE 382 ON FREE INFORMATION CARD

Hypercecption

9550 Skilman LB 125

Daflas, TX 75243

{214) 343-8525

CIRCLE 3863 ON FREE INFORMATION CARD

Keithley Melraby!e Corp.

440 Myles Standish Bivd,

Taunton, MA 02780

{508} 880-3000

CIRCLE 364 ON FREE INFORMATION CARD

NCI

6438 University Dr.

Huntsville, AL 35806

{205) 837-6667

CIRCLE 365 ON FREE INFORMATION CARD

Optoelectronics Inc.

5821 NE t4th Ave.

Fort Lauderdale, FL 33334

(800) 327-5912

CIRCLE 366 ON FREE INFORMATION CARD

Quatech, Inc.

862 Woll Ledges Pkwy.

Akron, OH 44311

(216) 434-3154

CIRCLE 367 ON FREE INFORMATION CARD

R.C. Electranics Inc.
6464 Hollister Ave.
Goleta, €A 93117
(BOS) 685-7770

CIRCLE 368 ON FREE INFORMATION CARD

Rapid Systems Inc.

4307 Leary Way NW

Seatlie, WA 98107

{206) 784-4311

CIRCLE 362 ON FREE INFORMATION CARD

Signatec, Inc. -
357 Sheridan St. No. 119
Corona. CA 81720
(714) 734-2001
CIRCLE 370 ON FREE INFORMATION CARD

Spectrum Signal Processing Inc.
100 Production CL.

8525 Baxter P.

Burnaby, BC V5A 4V7

{604) 421-5422

CIRCLE 371 DN FREE INFORMATION CARD

the CPU is relieved of a heavy
burden, giving il more time for
other tasks.

Here again, Gage Applied Sci-
ences seems to be oflering the
lowest-priced plug-in FFT spec-
trum analyzer. [t costs only $100
more to add 1024-point FFT ca-
pabilities to the company’s
8595 CompuScope LITE digital
oscilloscope board.

The most impressive FFT
soltware program is VIEWDAC,

' PC-BASED TEST :
INSTRUMENTS GO PORTABLE

Not all PC-based test instruments are
anchored to the elecironic workbench.
They are just as much at home in the
field as their conventional counter-
parts—and a lot more versatile. Many
PC-based boards, such as Op-
toelectronics PC10 Universal Frequen-
cy Counter, are sized 1o fit the current
crop of laptop personal computers.

The @-inch PC10 card easily fits in
many PC/XT hali-length slots, weighs
under 8 ounces, .and consumes just 2
walts of power. Moreover, this $335
board outperforms many handhetd
counters that cost ten fimes as much. it
measures frequencies from sub-audio
to 2.4 GHz with T0-millivolt sensitivily
and 10-digit resolution. It also does
something no portable counter can—It
can-save the dala ta disk for later study
and analysis.

distributed by Keithley
MetraByte. This 32-bit Win-
dows-based program is com-
patible with a large number of
different PC boards from several
vendors. [t can e¢xecute a
25.000-point FFT in less than
25 seconds, and run through an
FFT of 1024 points in just 57.7
milliseconds.

Signal generator

It would be hard to find a test
lab or ATE setup that does not
have a reliable, accurate signal
generator. That instrument pro-
vides the test signals needed (o
“shake down” new designs ordo
quality assurance testing on
parts in production.

Signal generators are based
on three architectures: func-
tion, arbitrary, and pulse. The
simplest is the function gener-
ator that can deliver sine,
square, triangular. or pulse
waveforms over a wide range of
frequencies. An arbitrary gener-

ator allows the waveshape to be
defined by plotting it on a grid,
dot by dot, so it can be repeated
as many times as desired. A
pulse generator provides tran-
sistor-transistor logic (TTL]J-
compatible signals of varying
widths and repetition rates.

All PC-based signal gener-
ators have a core of a digital-to-
analog converter (DAC). Re-
gardless of the shape of the
waveform, each point is defined
by a binary quantity that the
DAC converts to an analog volt-
age. Normally, the waveform is
stored in on-board RAM. The
amount of RAM needed in-
creases directly with the com-
plexity of the waveform and the
number of resolution bits.

Arbitrary waveform gener-
ators are versatile because some
can fill alt three requirements,
but they cost no more than a
comparable function or pulse
generator. They carry an aver-
age price of bout $1300. How-
ever, good arbitrary waveform
generators are available for less
than $1000.

Frequency Counter

The universat frequency
counter is reported fo be losing
sales to the versatile digital
sampling oscilloscope, which
can also display frequency and
time measurements as well as
waveforms. But recent ad-
vances in counter technology
have resulted in new class of in-
struments called time-interval
analyzers. Like a sampling os-
cilloscope, a time interval ana-
lyzer samples a small “window”
of information and stores it for
display or analysis. However,
the counter characterizes the
dynarnic variation of time inter-
vals or frequency. rather than
the dynamic variation of the
voltage.

A typical time-interval ana-
lyzer application is in the de-
modulation of an FM signal in
near-real time. A significant ad-
vanlage of this technique is at-
tributable to its extraordinary
dynamic range ol more than
1000:1—while maintaining a
high 1 part per million {(ppm)
resolution.

As with any sampling mea-

Continued on page 69
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PC TEST EQUIPMENT
continued from page 43

surement, the counter must
sample data at a rate sufficient
to satisfy the Nyquist criterion.
(See the box entitled analog-to-
digital and return.) Most time-
and freguency-measurement
applications require at least
1000 samples per second.

Any universal frequency-
counter board that is compati-
ble with Guide Technology’s
product, (the most popular
counter board today), can be
converted into a time-interval
analyzer with Guide Tech-
nology’s VIEWMOD software.
This does not mean, however,
that there is nolonger a need for
a universal frequency counter.
One attractive model is Op-
toelectronics’ PC10, selling for
only 8335, that can measure
frequencies up to 2.4 GHz.

Related test devices

The PC-based test instru-
ment market is flooded with
support instruments such as
digital multimeters (DMM) and
interface multiplexers. These
can be used in conjunction with
other instruments to round out
an ATE setup or instrument
cluster. Choosing the support
device that’s right for an specific
system should be done on an
individual basis.

From dream to reality

As the number of installed
personal computers increases,
more PC-based testing applica-
tions are heing developed. In the
same way word processing led
to desktop publishing, PC-
based test instruments are lead-
ing to new methods for making
tests and measurements not
previously visualized.

The economies of production
and improved manufacturing
processes made possible by the
worldwide proliferation of enter-
tainment electronics and the
price battie among the world’s
personal computer makers has
forced down the price of many of
the key components in PC-
based test instruments. The re-
sult is that you can get more for
your momey. Q

WORLD'S SMALLEST FM TRANSMIT-
TERS! New Surface Mount Technology
(SMT) makes all cthers obsolete! XST500
Transmitter—powerful 3 transistor audio am-
plifier, fransmits whispers up to 1 mile.
XSP250 Telephone Transmitter-line
powered, transmits conversations up to %
mile. Both tune 88-108 MHz. Easy to assem-
ble E-Z KITS {SMT components pre-as-
sembled to circuit board)! XST500—$44.95,
X5P250—%$34.95, VISA/MC. COD add $6.
XANDI ELECTRONICS, 201 E. Southern
Ave., Suite 111, Tempe, AZ 85282.
1-800-336-7389.
CIRCLE 178 ON FREE INFORMATION CARD
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NEW JENSEN MAS CATALOG
Jensen's 1993 Master Catalog, available free,
contains many innovative products for de-
sign, testing and repair of electronic equip-
ment. Presents new instruments from Fluke,
Beckman, Tektronix, Huntron, Leader, BK
Precision, and others. Introduces latest inch
and metric tools, tools kits, soldering sup-

" plies, cables, connectors, static contrel prod-

ucts, PC diagnostics and more. Enjoy free
technical assistance and free shipping within
the continental USA. JENSEN TOOLS INC.,
7815 S. 46th St., Phoenix AZ 85044 (602)
968-6231.

CIRCLE 115 ON FREE INFORMATION CARD

GET YOUR RECHARGE CATALOG
FREE...EARN BIG $$ IN YOUR SPARE
TIME—AII supplies and Do-It-Yourself kits
with complete instructions availabte. Sup-
plies cost from $9.95 in qty and you can sell
recharged toner cartridges for $40.00 o
$55.00 each. Printers include HP Laser-Jet
Series |, IL, I, IV, Apple LaserWriter, QMS,
etc. Canon PC Copiers also. CHENESKO
PRODUCTS, 2221 Fifth Ave., Suite #4,
Ronkonkoma, NY 11779, 516-467-3205.
FAX 516-467-3223, 1-800-221-3516
CIRCLE 110 ON FREE INFORMATION CARD

CABLE TV 50dB NOTCH FILTERS for inter-
ference removal or channel censoring. Filters
are user-adjustable to desired channel # or
frequency. Eight Maodels available, each for
certain channels: 2 & 3;4t0 6; 7to 13; 14 1o
17;18 10 22; 2310 29; 30 10 36; 9510 93 plus 0
& 1. Just $30 each or 3 for $75, includes
shipping. ONE MONTH MONEY BACK, fast
delivery. Visa, MC, check or M.Q. (C.0.D. is
$5 extra) Huge discounts for higher quan-
tities. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, NV 89193, Call 24 hours
1-800-535-7827.

CALL NOW
AND

RESERVE
YOUR SPACE

* 6 X rate $340.00 per each insertion.

¢ Fast reader service cycle.

@ Short lead time for the placement of
ads.

* We typeset and layout the ad at no
additicnal charge.

Call 516-293-3000 to reserve space.
Ask for Arine Fishman. Limited number
of pages available, Mail materials to:
mini-ADS, ELECTRONICS NOW, 500-B

- Bi-County Blvd., Farmingdale, NY
11735.

FAX: 516-293-3115

TWO TRANSMITTERS IN ONE! 5 MINUTE
ASSEMBLY! MONEYBACK GUARANTEE!
New Law Enforcement grade device on a
single chip is the most sensitive, powerful,
stable room transmitter you can buy. Uses
any 3V-12V battery. Or attach to telephone
line to monitor all telephone conversations
over 1 mile away without batteries! 100mW
output! 80-130MHZ. Receive on any FM radio
or wideband scanner. VT-75 microtransmitter.
$49.95 + 1.50 S&H. VISA, MC, MO. COD’s
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills, NY 10507. 914-232-3878.

CGIRCLE 127 ON FREE INFORMATION CARD
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