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ELTEC INSTRUMENTS, INC.

PYROELECTRIC DETECTORS WITHOUT INTEGRAL ELECTRONICS:

NOTES ON SPECIFICATIONS AND TESTING (egpecinlly laser
detectors)

An Eltec pyroelectric detector is esgentinally a thin wafer of
lithium tantalete with electrodes on both faces. A change in
optical radistion ineident upon this wafer produces a
temperature change with consequent change in the charge
collected on the electrodes.

Since lithium tantalste is a dielectric material (insulation
resistance greater than 1X10E1:3 ohms), this electroded wafer
can be regarded as B8 low-loss “active" capacitor. The .
difference between the charge on the electrodee before and
after the heating (or cooling) of the wafer is the detector
signal. Since the charge is changing in time, we can apeak
of the gurrent signal.

The radiation s=ource (laser, blackhody, moving truck) is
sending a stream of photone to the vafer, and the wafer, by
virtue of its temperzature and emissivity is "loosing" photons
to the external world at the same time. There is a random
fluctuation in the rate of photon errival to- and photon
emission from- the wafer...which produce slight thermal
fluctuationz in the wafer with corresponding changes in the
output current. This mesn square fluctuation is a limiting
performance parameter for all thermal detectors.

With a 1 Hz handwidth and the detector in & shielded,
isothermal environment, the theoretical gpecific detectivity
(D#) of such a detector i= above 1X10E10 am Hze(El1/2)/W. But
all real pyroelectric detectors have a D» subgtantially below
that value. Since the "noise" produced by the photon
randomness is below the measured performance of todey’s
finest detectors, this epecific noise iz not measurahbhle,
cannot bhe gpecified, and is only & minor component (at worst)
of the total detector noise installed.

Since the vafer iz a caepacitor it haes a dielectric constaent
(approximately 45%) and a dielectric dissipation factor (loss
tangent) of about 0.001 at 1 GH=. Viewing the wafer a= a
voltage generator, the detector is equivalent to a voltage
source in series with bhoth the wafer capacitance and
insulation resistance in parallel. At high frequencies, the
direct dependency of the conductance to the frequency and
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lo=s tangent mllow conductance to increase which in turn
increases the voliege noise. Thi=s is =eldom a problem.

So ms regerds the "noise® of a detector that is gimply an
electroded wefer in & can with leede, there is no noise
produced other than that produced due to the randomness of
the photon exchange and the electrical limitations of the
vafer considered siwmply as a specific capacitor.

At Eltec we make many thousandsz of detectors per month. Mo=st
of these have 1 or 2 lithium tentalate senging elementsg, a
high value, low noise load resistor, and very low noise JFET
{basically, sensing elements in a source follower
configuration). A standard, periodic GA Test involves taking
8 detector and making a noi=ze test. The detector is then
opened, the sensing elementi{s) removed and replaced with
equivalent chip capacitors. Noise iz measured again.

Result: The noise (within the limits of error of the test
instruments) is the same. HNote that we are uzing good
components, all in close proximity =0 as to minimize shunt
capacitance, with connections made either with gold wire
and/or precious-metal epoxy. Thuge the real noise that we are
measuring is simply the noise of the electronics attached to
the sensing element (wafer). The noise of the vwafer itself
is orders of magnitude belaw that of whatever electranics are
connected to the wefer. THEREFGRE, ELTEC DOES NOT MAKE A
NOISE SPECIFICATION FOR DETECTORS THAT CONTAIN SENSING
ELEMENT(S) BUT HO INTERNAL ELECTRONICS.

RESPONSIVITY: CURRENT VS. VOLTAGE

If 2 metal plates of the same metal and top surface area--but
vith different thicknesses--vere placed in sunlight, the
temperature of the thin plate would rise faster then that of
the thick plate {(assuming no conductive or convective heat
losses) hecause the energy in the thin plate couldn’t diffuse
as fast because it had less thermal mase. Pyroelectric
detectors are somevhat like the metal plates: The thinner
the crystal, the greater the charge generated for a given
opticel power input. ¥With 2 crystals of equal thinness but
different areas, as long as both crystals receive the =ame
amount of opticel power, the same amount of charge will he
generated.

The change in charge per change in time is current {I), and
is arees independent. Vhereas regarding the voltage developed
across the electrodes, area begqomes capacitance and the
charge has to "fill"™ the capacitor to get a voltage level.

So in discussing voltege sensitivity, the capacitance mu=zt be
taken into acecocunt. Horeover, involving capacitance mandates
8 consideration of the fregquency {modulation rate, chopping
rate, or pulse rate) to arrive at a number for the voltage
sensitivity.



However, if you know the Current Respongivity and the
Capecitance, you can obtain the Voltage Responsivity at =
frequency of interest from the simple formula (see Eltecdata
#100, page 100-3 & 100-4):

(current regpongivity)
Voltage Responsivity = (2 (pi)xntfrequency)xtcapacitance)

Thug for Eltec, as a detector menufacturer supplying
detectors that will be used in & wide, wide veriety of
modulation retes, the logical procedure iz to measure Current
Respongivity (at one frequency) and Capacitance. The uger
can then easily determine Voltage Regponsivity. And Noise,
as8 previocusgly stated, i= determined by the umer’s choice of
circuity, components, lead-lenghts between components, and
EMI/RF1 shielding.

ELTEC INSTRUMENTS TEST PROCEDURE FOR DETECTORS INCORPORATING
NO INTEGRAL ELECTRONICS:

Since there are no standard testing procedures for
pyroelectric detectors, Eltec hazs esteshlished the fallowing,
comprising a capacitance te=t and a eengitivity test.

A. CAPACITANCE.

First, we insert the detector in = gpedial test socket. The
socket is manufactured hy Robinzon-Nugent and is their part
#TE-5174. The sockets are especimlly useful in detector
testing hecause there are, in effect, conical entrances to
each pin connection =0 the gocket aleo acte aes o pin
straightener. The pin connects are hollow s=o that the
detector cen be fully inserted without clipping the leads

(detectors with clipped or soldered leads cannot be returned
to Eltec).

For the capacitance test we uze a General Radio {(Gen Rad) RLC
Digibridge #1657. In the picofarad range of capacitance of
mozt pyroelectric detectors, a 1,000 Hz eignal functions as
the test input. Many other cepacitance testers use a 1,000
Hz test voliage and will yYield gimilar regults.

The measured velue is compared to the particular product
specificatian. For example, the acceptable range of
capacitance for Eltec Model 420 laser detectorse 1= 29.4 to
44,1 picofarads.

B. DETECTOR CURRENT SENSITIVITY.

In the Eltec standard sengitivity test, the signal from the
top electrode of the detector iz fed to the inverting input
of the LF355 operational amplifier and the bottom electrode
connection is connected to the poeitive input and driven to



ground. A feedhack rezistor of 1 X 10E10 chms is connected
from the inverting input to the amplifier ocutput. This is
termed "current mode® operation with the feedbeck resistor
contraliing the gain. {See attached schematic.) {Note thaet
high megohm resistors are availahle from Eltec.)

The output (volts) = (IXIOE10)x{current generated from
detector)

Thus a 1 volt cutput from the emplifier corresponds to 100
picoemps input. Or, 0.1 picoamps per millivolt amplifier
output.

In the Eltec equipment smetup {(gee atteched dravwing), =
binckbody at 100 C iz placed 10 centimeters from the detector
to be tested. The blackhody aperture is= 0.873 inches
diemeter. The chopper {optical maodulator) izs placed next to
the blackbhody and the chopper is operated at a 10 Hz rate.

In the setup as described, the radiant contrest flux density
at the detector is 8.83 X 10E~4 vatts per Bquare centimeter
{radiation from 0.65 to 20 micrometers). The power number
includes normalizetion of the chopper form factor at 10 H=z
(the chopper does not produce a perfect square wave: corners
vill be rounded).

The Eltec Model 420-0 Laser Detector has a crystal sensing
area of 2.5 ¥ 2.5 millimeters which translates into an area
of 0.0625 sgq. cm, Thus there i3 8 flux contrast of 5.52 X
l10E-5 watts on the detector. In this situation, for a
detector without a window, the minimum allowable output from
the amplifier for B production run detector is 80 millivolts.
The 80 mV equates to a current sensitivity of 0.145 microamp
per watt. Since thig numbher i= now normalized to 1 watit, the
final number is "Current Responsivity".

If the detector were fitted with the Eltec -2% bandpass
vindovw {(atmospheric window, £-14 micrometers), much of the
radiant flux would be blocked from the sensing crystal.

Under the same conditions as before (100 C blackbady, 10 cm

~ distence, 0.873-inch aperture, single slot chopper et 10 Hz),
the flux density from 8.3 to 14.2 micrometers at the detector
vould be 3.73 X 10E-4 wattse per square centimeter. The
minimum transmittance of the Eltec -25 vwindow is 75%.
Therefore, the flux density on the sensing crystal is about
2.8 X 10E-4 ¥W/sq. cm.

Thus for an Eltec Model 420-25 detector, the flux contrast on



the 2.5 X 2.5 millimeter crystal is 1.75 X 10E-5 vatts. The
output from the amplifier would be 25.4 millivolts {(minimum)
for 1.75 X 10ES wattse which would correspond to a Current
Respongivity of O.145 wicroamps per watt using the transfer
function of 0.1 picoamps per millivolt.

David Cima,
Director Applications Engineering
Eltec Instruments, Inc.
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