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Pyroelectric Infrared Sensors & a Po wer Operational Amplifier 

By Joseph Desposito 

A passive infrared detector works much 
like the human eye in that it is a one -way 
receiver. At the heart of this type of de- 
vice is something called a ceramic pyro- 
electric infrared sensor. The sensor con- 
sists of an infrared detecting element and 
a low -noise impedance- matching circuit, 
both contained in a metal package with 
an infrared transmitting window. 

The sensitive element is an electrically 
polarized ceramic slice with infrared 
transmitting metallic electrodes deposit- 
ed on opposite faces. The pyroelectric na- 
ture of the ceramic causes the electrodes 
to produce an electrical output signal in 
response to changes in temperature. Sen- 
sors intended for movement detection 
have a daylight filter that ensures that the 
device is insensitive to short wavelength 
infrared, as emitted by the sun. 

Electrically, a sensor can be represent- 
ed by one or two capacitors (depending 
on whether it is a single- or dual -element 
device), an n- channel FET, and a non- 
linear network , connected as shown in 
Fig. 1. The dual- element devices have two 
differentially connected sensitive areas 
with a single impedance- converting am- 
plifier to provide immunity from com- 
mon -mode signals such as those generat- 
ed by variations in ambient temperature, 
background radiation, and acoustic noise. 

The pyroelectric ceramic material used 
in sensors developed by the Amperex 
Electronic Corp. (Smithfield, RI) is a 
doped lead zirconate titanate, which is 

optimized for infrared applications. It is 

insensitive to water, is rugged, and can be 
handled by mass production techniques 
similar to those used in the manufacture 
of conventional semiconductor devices. 
The material has a high Curie tempera- 
ture, and can operate up to 70 degrees 
Fahrenheit. Furthermore, responsivity is 

only slightly temperature dependent. 

What is Pyroelectricity? 
A pyroelectric ceramic is composed of a 
mass of minute crystallites, each of which 
behaves as a small electric dipole. Above 
a certain temperature, known as the 
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Fig. L An infrared sensor can be electrically represented by one or two capacitors, an n- 

channel FET and a non -linear network. 

Curie temperature, the crystallites have 
no dipole moment. Below the Curie tern - 
perature in freshly manufactured mater- 
ial, the electric dipoles are randomly ori- 
ented (see Fig. 2A). If the material is heat- 
ed to just below the Curie temperature in 

an electric field, the dipoles tend to line 
up with the applied field (see Fig. 2B). Af- 
ter the material has cooled and the field 
has been removed, the dipoles remain in 
the "poled" position, giving rise to a 
remanent polarization of the ceramic. 

The pyroelectric effect arises because 
of a change in polarization with tempera- 
ture and may occur in several ways. For 
example, the individual dipoles may 
shorten with increasing temperature, or 
the total dipole moment may be reduced 

by increased randomness of the orienta- 
tion of the dipoles due to thermal agita- 
tion. Thus, when the temperature of the 
material increases, the captive surface 
charge is reduced. This leaves a surfeit of 
induced charge on the electrodes. The ex- 
cess charge gradually leaks away through 
the circuit to which the pyroelectric ele- 
ment is connected. This leakage effect 
means that a pyroelectric sensor cannot 
be used in a dc mode. However, it can be 
operated at very low frequencies down to 
less than 0.1 Hz. 

The pyroelectric element will only pro- 
duce an output signal if the infrared radi- 
ation incident on it changes. This may be 
achieved either by moving the object of 
interest into and out of the field of view, 
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Fig. 2. A pyroelectric ceramic consists of a mass of minute crystallites, each of which be- 
haves as a small dipole, that are randomly oriented (A) below and are aligned (B) when 

heated to just below the Curie temperature and an electrical field is applied. 

Say You Saw It In Modern Electronics August 1989 / MODERN ELECTRONICS / 69 

www.americanradiohistory.com

www.americanradiohistory.com


SOLID -STATE DEVICES... 

or by interrupting the radiation incident 
on the sensor. 

Passive IR Detection 
Each person, object or animal emits in- 
frared energy as a function of its surface 
temperature and size. For temperatures 
around ambient, the maximum radiated 
energy is in the region of 10 microns (20 
times the wavelength of visible light). Ra- 
diation changes produced by a moving 
object can be detected by a pyroelectric 
infrared sensor. 

A pyroelectric infrared sensor can be 
used as the basis for a passive infrared 
(PIR) alarm system. This type of system 
detects the presence of an intruder within 
a protected area when movement modu- 
lates the radiation incident on pyroelec- 
tric sensors that respond only to changes 
in radiation. An intruder will emit a 
steady infrared radiation. One way that 
radiation can be collected is by a Fresnel 
lens array (a Fresnel lens is a thin polyeth- 
ylene sheet that is essentially equivalent 
to thick conventional lenses). 

Discrete fields of view from each ele- 
ment ensure significant changes in inci- 
dent radiation when an intruder passes 
from an unmonitored gap to a monitored 
zone or vice -versa. A Fresnel lens array is 

suitable for most general -purpose mov- 
ing- sensing PIR applications. It provides 

high sensitivity, monitoring up to at least 
12 meters with 90 ° angular coverage. 

Figure 3 shows the block diagram of a 
simple passive infrared intruder alarm 
system. The output from the PIR sensor 
with its Fresnel Lens array is amplified by 
two bandpass amplifier stages. A win- 
dow comparator with positive and nega- 
tive threshold then drives a logic circuit. 
This performs simple signal processing 
and drives the output alarm relay circuit. 

For detailed information and a sample 
device, write on your company letterhead 
to Amperex Electronic Corp., A North 
American Philips Co., George Washing- 
ton Hwy., Smithfield, RI 02917. 

Long -Range Detection 
Eltec Instruments, Inc. (P.O. Box 9610, 
Daytona Beach, FL 32020 -9610) manu- 
factures the Eltec IR -EYE 862, which can 
detect people outdoors to a distance of 
500 feet (vehicles can be detected to even 
greater distances). 

A person or vehicle will always have a 
temperature contrast in respect to the 
background, producing a change of radi- 
ation within the field of operation of the 
sensor when passing through it. For the 
IR -EYE 862, this temperature contrast 
can be as little as 1 degree centigrade or 
less (either positive or negative) for a per- 
son at a nominal distance of 150m to trig- 

ger an alarm. A precision mirror focuses 
the radiation onto a parallel opposed 
dual pyroelectric detector. This will pro- 
duce a defined signal from a moving ob- 
ject while canceling common mode signal 
received simultaneously by both sensing 
elements. 

Two -stage optical filtering restricts the 
radiation to the so- called atmospheric 
window (8 -14 microns). Here the effects 
of normal constituents of the atmosphere 
(particularly humidity) least affect the 
transmission of infrared radiation. This 
double optical filtering blocks all un- 
wanted radiation from sunlight and 
headlights, which otherwise may produce 
false alarms. 

Sophisticated signal processing within 
the eye is used to discriminate even very 
weak signals caused by a moving target 
from unwanted signals caused by wind, 
clouds and precipitation. 

Eltec has produced a brochure that de- 
scribes the principles of operation, func- 
tioning, detectability considerations, and 
installation of non -imaging passive infra- 
red telescopes. Copies of the brochure are 
available from Eltec Instruments, Inc. at 
the address given above. 

Power Op Amp 
A versatile and forgiving power opera- 
tional amplifier is now available from the 

INTRUDER 

FRESNEL LENS 

SENSOR 
BANDPASS AMPLIFIERS 

POSITIVE 
THRESHOLD 

WINDOW 
COMPARATOR 

NEGATIVE 
THRESHOLD 

LOUIC 
CIRCUIT 

ALARM 
UNIT 

Fig. 3. Block diagram of a simple passive infrared intruder alarm system. 
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Fig. 4. Typical application of the ULN- 
3751Z operational amplifier as a non -in- 

verting power amplifier. 

Semiconductor Group of Sprague Elec- 
tric Co. (41 Hampden Rd., P.O. Box 
9102, Mansfield, MA 02048). Operating 
with power supply voltages of ± 3 volts to 
± 13 volts or 6 volts to 26 volts, the ULN- 
3751Z delivers peak output current levels 
to ± 3.5 amperes. This integrated circuit 
is ideal for use in servo systems, robotics, 
audio and deflection amplifiers, and 
software programmable voltage or cur- 
rent regulators. 

The amplifier requires no external 
components for loop compensation and 
maintains a stable, oscillation free opera- 
tion for all values of gain in the inverting 
or non -inverting mode, and under all 
specified load conditions. Low input cur- 
rent and voltage offsets of 10 nA (typical) 
and ± 10 mV (maximum) make the de- 
vice simple and convenient to use. A self - 
resetting shutdown circuit powers down 
the amplifier at a junction temperature of 
160 degrees centigrade (typical). 

Common -mode rejection of 85 dB 
(typical), open -loop gain of 80 dB (mini- 
mum), and a gain- bandwidth product of 
3.5 MHz (typical) endow the ULN-3751Z 
with the characteristics required by its in- 
tended applications. A typical applica- 
tion as a non -inverting power amplifier is 
shown in Fig. 4. 
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They're here... 
CQ Amateur Radio 
1989 Equipment Buyer's Guide 
and 
1989 Antenna Buyer's Guide 

Which one is right for you? The Equipment 
Buyer's Guide gives you the edge in selecting 
just the right equipment for the shack -HF 
and VHF rigs of all kinds, accessories, packet 
controllers and so much more. All the infor- 
mation Is here in one handy, concise directory 
with descriptions, technical specifications, 
model numbers, retail prices and photo- 
graphs. Buy with confidence when you make 
your decisions based on all the facts. 

The bands are hotter than ever. Now's the 
time! Make those improvements to the anten- 
na farm. You'll need the Antenna Buyer's 
Guide to squeeze every single dB out of those 
dollars you invest. In depth coverage of direc- 
tional and omnidirectional antennas for all 
frequencies! Tuners, watt meters, cable - 
and more. You'll find detailed charts and 
specifications, retail prices and photographs. 
Get al: the facts before you pick up the phone! 

Both guides are filled with the kind of sup- 
port Information you've always needed, but 
couldn't easily get: Dealer listings including 
branches, names and calls for key personnel, 
top lines carried, whether or not trade -ins are 
accepted or on -site repairs are made ... and 
so on. 

Both guides have buying tips from the ex- 
perts. How do you select the right H.F. anten- 
na? Who do you talk to and what do you say to 
get that tower permit? You'll find those ques- 
tions answered in the Antenna Buyer's Guide. 
What are all those "bells and whistles" on the 
new rigs for? Which computer is best for the 
shack? The Equipment Buyer's Guide an- 
swers these questions and many, many more. 

Which one is right for you? Do yourself a 
big favor -Buy both! It'll be the best invest- 
ment you've made this season. 

USA: $3.95 each (includes postage). 
Foreign: $5.00 U.S. each (includes post- 

age). Foreign orders are payable in U.S. funds 
only by check drawn on a U.S. bank, or by U.S. 
Postal Service Money Order. 
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Mail to: CO Communications, Inc. 
76 North Broadway, Hicksville, NY 11801 
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consider the 

SOURCE 
Make 

MOUSER Electronics 
your factory- authorized source 

for over 80 quality electronic 
component manufacturers 

like: 

AUGAT, 
TECCOR, AMP, GE, 

& SGS- Thomson. 

And then add: 
coast -to -coast distribution, 

same -day shipping, toll -free 
ordering and the full support 

of MOUSER's 25 years of 
proven customer service 

experience. 

Call today 
for your complimentary 

subscription to the latest 
MOUSER Electronics Catalog. 

Just dial: 

1- 800 -992 -9943 

CIRCLE NO. 123 ON FREE INFORMATION CARD 

LEARN VCR 
CLEANING /MAINTENANCE /REPAIR 
EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

Secrets 
Revealed! 

NO Special 
Tools or 

Equipment 
Needed. 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 
tools, and are familiar with basic electronics (i.e. able to 
use voltmeter, understand DC electronics) .... 

IF you possess average mechanical ability, and have 
a VCR on which to practice and learn ... then we can 
teach YOU VCR maintenance and repair! 

FACT: upto9O of ALL VCR malf unctions are due to 
simple MECHANICAL or ELECTRO- MECHANICAL 
breakdowns! 

FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs service or repair every 12 to 18 
months! 

Viejo's 400 PAGE TRAINING MANUAL (over 500 
photos and illustrations) and AWARD -WINNING VIDEO 
TRAINING TAPE reveals the SECRETS of VCR mainte- 
nance and repair -"real- world" information that is NOT 
available elsewhere! 

Also includes all the info you'll need regarding the 
BUSINESS -SIDE of running a successful service opera- 
tion! 

FREE INFORMATION 
CALL TOLL -FREE 1-800-537-0589 

Or write to: 
Viejo Publications 

3540 Wilshire BL. STE 310 
Los Angeles, CA 90010 Dept ME 

CIRCLE NO. 124 ON FREE INFORMATION CARD 
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