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JOURNAL OF APPLIED PHYSICS VOLUME 42, NUMBER 10 SEPTEMBER 1971 

Pyroelectric Voltage Response to Step Signals of Infrared Radiation 
in Triglycine Sulphate and Strontium-Barium Niobate 

M. Simhony and A. Shaulov 
The Racah Institute of Physics, The Hebrew University of Jerusalem, Israel 

(Received 18 December 1970) 

Theoretical and experimental analysis of voltage transients obtained in triglycine sulphate and 
strontium-barium niobate in response to step radiation signals yields information important 
for pyroelectric ir detection. The response transients are shown to be symmetrical with re
spect to the electronic and thermal time constants Te and TT of the samples. When Te and TT 
differ appreciably, the rise of the response and its decay are exponentials whose time con
stants are, respectively, the smaller and the larger one from among TT and Te' The peak vol
tage values are proportional to the load resistance RL when T.« TT; they become independent 
of RL and proportional to TT when T.» TT' The initial slope of the response in a given sample 
is found to be independent of RL for a given radiation flux. The pyroelectric coefficient of a 
material, divided by the product of its permittivity, density, and specific heat is shown to 
be a figure of merit for use in pyroelectric ir detection 

I. INTRODUCTION 

The pyroelectric effect has been widely investi
gatedl ,2 especially since its use has been estab
lished3 for the detection of electromagnetic radia
tion. 4-6 In ir detection, efforts were concentrated on 
triglycine sulphate (TGS),7,8 and more recently on 
strontium-barium niobate (SBN).9 

In our work on TGS and SBN pyroelectric ir detec
tors we found that important information can be ob
tained from the transients of their voltage response 
to a step radiation signal. 4,6,10 The present work is 
based on a detailed analysis, both theoretical and 
experimental, of such transients; the results are 
useful for the prediction of the performance of the 
detectors under various conditions as well as for the 
understanding of the physical processes involved. 

II. EXPERIMENTAL TECHNIQUE 

Thin slices of TGS and SBN were cleaved and/or cut 
from Single crystalsll normal to the pyroelectric 
axis and polished to a thickness of 10 to 40 /lm. ir
transparent electrodes (area 0.2-3 mm2

) of semi
conductor materials were evaporated on the major 
faces, and thin metal leads were attached to them 
with conducting Epoxy. The crystals were mounted 
in vacuum in transistor cases having ir-transparent 
windows. After preparation, samples were poled 
with a steady field of 104 V /cm, applied for several 
minutes, mostly at room temperature. 

To provide a step radiation signal on the samples, a 
high-speed shutter was used with a 500 OK blackbody 
source, or with a Model 42 Coherent Radiation CO2 

Laser (wavelength 10.6 /lm). The measuring circuit 
consisted of a set of interchangeable load resistors 
(106_1012 0), connected parallel to the sample and 
to a FET source-follower circuit,5 as shown in Fig. 
1. The pyroelectric response voltages were mea
sured on a Tektronix RM 564 CRO with a 3A9 ampli
fier. 

III. THEORETICAL ANALYSIS 

We assume that the absorbed radiation causes a spa-
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tially uniform small temperature rise t.T of the py
roelectric crystal. Hence12 its heating is governed 
by the differential equation 

d(t.T) 
CT~ +GTt.T=AF(t), (1 ) 

where CT is the thermal capacity of the crystal, G
T 

is the thermal conductance of the coupling between 
the crystal and its ambient (radiative, convective, 
and conductive), A is the area of the crystal, and 
F(t) is the radiation power absorbed per unit area 
of the crystal. 

The rise in temperature changes the spontaneous 
polarization Ps of the crystal, causing a charge flow 
through it and the load (see Fig. O. The effect of 
permittivity variation with temperature can be neg
lected,3 so that the charge flow is described by the 
differential equation 

dV +.:!:::_ dT 
C dt R - AX dt . (2) 

Here the capacitance C and the resistance Rare 
composed of the crystal, load, and source-follower 
input capacitances and reSistances, respectively. V 
is the pyroelectric voltage developed across crystal 
and load, and A is the pyroelectric coeffiCient, A 
= dPs/ dT. It is assumed that the temperature is far 
enough from the Curie point so that A, as well as 
the dielectric constant E and the specific heat cp of 
the material, can be considered c.onstant f.or small 
t.T. 

For step irradiation, F(t)=O if t <0 and F(t)=Fo if 

2N4416 To eRO 

~ 5kSl 

FIG. 1. Measuring circuit. 
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FIG. 2. Theoretical plot of the voltage response vs time 
(normalized) . 

t >0, with the boundary condition V(O)=O, one ob
tains 

V(t) = ~Fo(I/T. -1/TT)-l(e-t/ TT - e- t IT.), Tp"* T T. (3) 

Here T. = RC, TT= CT/ GT are the electrical and ther
mal time constants of the system, respectively, and 
~ is a constant, ~=M2/CCT. Equation (3) represents 
the difference between two exponentials having the 
same initial value, one decaying with the thermal 
time constant TT' and the other decaying with the 
electrical time constant T.. The two exponentials are 
shown in Fig. 2 by dashed curves together with the 
response (solid curve) for the case TT = 5T •• In the 
special case TT = T. = T, one obtains a Similarly be
having response V(t)= ~Fote-tIT. 

The response V(t) is symmetrical with respect to TT 

and T •. When TT and T. differ appreCiably, the rise of 
the response and its decay are exponentials whose 
time constants are, respectively, the smaller and 
the larger one from among TT and T •. 

The initial slope k of the response, 

k=dV(t)1 =~Fo, 
dt t = 0 

(4) 

is constant for a given radiation flux. The peak 
value4 Vp of the response is reached at a time4

,10 tp , 

tp =Te ln8/(8-l), (5) 

where 8 = Te/TT' and is, for 8"* 1, 

Vp = kTT811 (1- 8). (6) 

If 8=1, tp=T and Vp=0.37kT. 

For 8« 1, Vp = kT e. Therefore, if R is small enough 
for the condition TT» Te to hold, the peak value of the 
voltage is proportional to R, and independent of TT. 
For 8» 1, on the other hand, Vp = kTT' so that for 
samples with small TT and/or high R, the peak value 
of the voltage is proportional to TT and independent of 

the load resistance. In any given sample, kTT is the 
upper limit value of Vp. 

When the capacitance Cs of the sample dominates, 
Cs == C, the factor ~ is a material constant ~o: 

~O=M2/CSCT=A/Edcp> (7) 

d is the density of the material. If the input capaci
tance C i of the source follower cannot be neglected, 
C=Cs +Ci and 

(8) 

IV. EXPERIMENTAL RESULTS 

Detailed studies of the pyroelectric response have 
been carried out at room temperature on 15 TGS 
samples and on 6 samples of SBN. A typical voltage 
response to a step ir signal obtained in a SBN sam
ple is shown by the two eRO traces of Fig. 3. They 
were obtained with the same load resistor (R L = 109 

n) and vertical amplification (2.7 mV /cm), but with 
different time scales. Trace 1, taken with the 
slower sweep (0.2 sec/cm) depicts most of the re
sponse, whereas trace 2 (sweep 50 msec/cm) ex
pands only the initial part of it. The traces are in 
good general agreement with the theoretical curve of 
Fig. 2 and allow one to measure the characteristic 
parameters of the response: the initial slope k, the 
time constants tT and t f of the exponential rise and 
fall, the peak voltage Vp, and time tp. These param
eters are shown in Fig. 4, plotted against load re
sistance RL , for sample B-1. 

It is seen that k is independent of RL over the whole 
range of 107 to 1012 n. (With RL <107 n, k, as well 
as tT and tp, could not be adequately measured be
cause of the limited shutter speed; see Sec. V.) 
The fall time tf in the range RL <1010 is independent 
of RL • According to the analysis, it represents 
therefore the thermal time constant TT. For RL 
> 109 n, tf is proportional to RL and coincides with 

SBN 
Bl 

FIG. 3. eRO traces of pyroelectric voltage transients in 
a SBN sample in response to a step ir signal. Fa = o. 7 m W / 
cm 2; RL = 109 (j. Ve rtical scale is 2. 7 m V / em. Horizontal 
sweep is 0.2 sec/cm for trace 1 and 50 msec/cm for 
trace 2. 
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FIG. 4. Parameters of the pyroelectric voltage transient 
as functions of load resistance in sample B-1. 

the electrical time constant Te (dashed line) calcu
lated as RLCs • (RL« R., the resistance of the sam
ple; Cs is the geometrical capacitance of the sample, 
C s » C i .) Also for RL> 109 n the rise time tT is in
dependent of RL and equal to TT' whereas for RL 
< 1010 n, iT coincides with T e' 

The experimental values of tp match well the calcu
lated [Eq. (5)] plot of tp vs 8 (dotted curve). The 
peak voltages Vp in the range RL < lO lD n are propor
tional to RL and very close to the theoretically pre
dicted value Vp = kT e for T e « T

7
,. For rising load 

resistances, Vp seems to approach a limit, which is 
close to the theoretically predicted value Vp = kTT for 
Te» TT' This behavior is illustrated in Fig. 5, where 
the normalized measured peak voltages Vp/kTT in 
TGS and SBN samples are plotted against the cor
responding experimental values of 8. The experi
mental points are seen to fit well the computed plot 
of Eq. (6), Vp/1H

T
= 81 /(1-8) (solid curve). 

Similar results were obtained in other SBN samples, 
as well as in a large number of TGS samples. In 
TGS, k and Vp, obtained with a given Fa, are an or
der of magnitude higher than in SBN. In the shown 
case of sample B-1, k/Fa= ~ is 340 (V /sec)/ 
(W /cm2

), or cm2/C; in other SBN samples it never 
exceeded 500. In TGS samples, on the other hand, 
initial slopes of 4.5 V /sec in response to Fa = 1 
mW/cm2 are mostly obtained, and this yields ~ 
=4500 cm2/C. 

V. DISCUSSION 

Our analysis was based on the assumption that the 
temperature rise caused by the abosrbed radiation is 
uniform throughout the crystal. This assumption fits 
the experiment because the electrodes are transpar
ent to the radiation so that absorption occurs mostly 
in the bulk of the crystal, and the crystal thicknesses 
are within the absorption depths for the 500 OK black
body radiation, which are -100 /lm in SBN,9 and 
- 10 /lm in TGS. 13 The agreement between experi
mental results and theory even in TGS samples above 
20 /lm thick proves that the assumption of a uniform 
heating is suitable and/or that the eventually devel
oped temperature gradients and heat flow are unim
portant. 

We consider as the most important part of this work 
the derivation and experimental proof of the fact that 
the initial slope of the pyroelectric voltage response 
to a step radiation signal does not depend on the load 
resistance. Deviations from this rule were observed 
only when the rise of the radiation signal was too 
slow. To insure a step signal, its rise should be 
much faster than that of the response, and this is 
hard to achieve with low load reSistors, e. g., al
ready with RL =106 n, and C=10 pF, the rise time 
of the response (equal to T.) is 10 /lsec, and we could 
not shutter the radiation in a time shorter than that. 
However, we could extend our measurement range to 
even RL = 105 n by using fast CO2 laser pulses, and 
the same rule was obeyed. Hence k is an important 
factor in more general cases of pyroelectric detec
tion, too; this will be discussed elsewhere. 14 

Another interesting result is the symmetry of the 
response with respect to the time constants Te and 
T T: the switching of the rise time from Te to T T, 

with increasing RLJ when Te exceeds TT' and the si
multaneous turn of the fall time from TT to Te' This 
is also seen on the peak signal values: They are pro
portional to Te when Te« TT and become independent 
of Te (and RL ) and proportional to TT when T,,» TT' 

These properties of the response are important for 
the design of pyroelectric detectors intended for op
eration in proper frequency ranges. 14 

.1 f-----+'-'--"='~;"' -~=--:k'I\7----t---t------t-------i 

10 

FIG. 5. Peak signal (normalized) as function of Te/TT in 
three samples. The solid curve is the plot of Eq. (6). 
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We have shown that the material constant ~a =A/Edcp 

is closely connected with the factor ~ in the expres
sions for k, V(t), and Vp , and can therefore be con
sidered as a figure of merit evaluating the material 
for the use in pyroelectric ir detection. 14 Using pub
lished data, 4,8,9,15 one obtains ~a = 4600 and 630 
cm2/C in TGS and SBN, respectively. This fits very 
well the experimentally observed values of k/Fa, es
pecially in TGS. Some discrepancy in a number of 
SBN samples is possibly due to small deviations in 
stoichiometry and/or orientation relative to the 
polar axis; each of these factors has in SBN a very 
strong effect on the values of A and E. 9 
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