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Modified triglycine sulphate (TGS) single
crystals for pyroelectric infrared detector

applications

M. BANAN?*, R. B. LAL, ASHOK BATRA

Department of Physics, Alabama A & M University, P.O. Box 71, Normal, AL 35762, USA

Effect of caesium and cerium, L-alanine and caesium + L-alanine impurities are investigated on
ferroelectric and pyroelectric properties of TGS crystals. Dielectric constant and loss,
pyroelectric coefficient, spontaneous polarization and coercive field measurements of these
modified crystals, as a function of temperature are reported. Caesium and cerium did not affect
the electrical properties of TGS crystals significantly, whereas L-alanine- and, especially,

Cs + L-alanine-doped TGS crystals exhibited promising improvements in pyroelectric
properties, up to 48 °C, as compared to pure TGS crystals.

1. Introduction

Triglycine sulphate (T'GS) is an organic ferroelectric
material having a second-order phase transition at the
Curie point of about 49 °C with its polar axis along the
monoclinic b-axis [1-3]. A survey of a number of
possible materials for use in pyroelectric detectors
shows that TGS and its derivatives are interesting and
promising materials. TGS crystals have exhibited ap-
plications for pyroelectric thermal imaging and room-
temperature infrared detection is a wide spectrum
range of 8-14 um [4, 5], as compared to quantum
detectors which require cryogenic operating temper-
atures and possess a narrow spectrum range of opera-
tion [6]. These are the unique advantages for the
cost-effective use of TGS detectors in military systems,
astronomical telescopes, earth observation cameras,
environmental analyses monitors and Fourier trans-
form infrared (FTIR) instrumentation. The current
interest in TGS crystals for thermal imaging and
detecting devices has promoted the need for crystals of
high optical quality with improved pyroelectric prop-
erties. The detectivity, D*, presently obtained from a
TGS pyroelectric chip is more than an order of magni-
tude lower than an ideal thermal radiation noise-
limited performance. Many efforts have been made
[7-11] and are being made to improve the pyroelec-
tric properties and growth of TGS crystals [12-14] for
use in commercial and laboratory applications. TGS
crystals were also grown in low-gravity environment
aboard the Spacelab-3 mission of the National Aero-
nautics and Space Administration of United States of
America to investigate the growth kinetics and pyro-
electric performance [15].

The objective of the present work was to investigate
the effects of L-alanine (organic dipolar molecule),
caesium and cerium ions (transition metal and rare
earth ion, respectively), and simultaneously doping

L-alanine + caesium ion on the ferroelectric and pyro-
electric properties of TGS crystals. Using these
properties/parameters, applicable figures of merits of
modified TGS crystals for use in detectors and vidi-
cons are calculated for comparison over pure TGS
crystals.

2. Experimental procedure

Single crystals of pure and doped crystals were grown
from aqueous solution by a temperature-lowering
technique using a modified version of a reciprocating
crystallizer [16], shown in Fig. 1. The saturated solu-
tion of TGS, at 40°C, was prepared using BDH
optran grade crystalline powder. The optimum
amount of impurities were added by weight to the
starting saturated solution. The impurities used were
L-alanine, caesium sulphate, cerium sulphate, and L-
alanine + cesium sulphate. The growth solution con-
taining required impurities was equilibrated in the
crystallizer at 42 °C for 48 h. The temperature of the
crystallizer was maintained at + 0.01°C. The appro-
priate polyhedral seed crystals were affixed to the seed
holder with a Dow Corning silicone adhesive. The
seed crystals and the holder were preheated to 42°C
before insertion into the growth cell. The crystal
surface was allowed to dissolve slightly then the tem-
perature was lowered to the correct saturation tem-
perature and held constant for 24 h. Afterwards, it was
lowered at a programmed rate, which increased from
the initial 0.1°C day~! to 0.30°C day~!'. All the
growth parameters, i.e. saturation temperation (about
40 °C), weight of the solution, impurity concentration,
weight of the seed, rate of temperature lowering (de-
gree of supersaturation) and the rate of seed rotation
were kept identical during the growth of pure and
doped crystals so as to balance out the effect of growth
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Figure 1 Schematic diagram of solution crystal growth apparatus.

conditions on the properties of the resulting crystals.
After completion of the growth run, the crystals were
removed from solution and slowly cooled to room
temperature. Transparent and high optical quality
crystals were generally obtained. The growth and
morphology of these crystals have been reported
earlier [17].

In this study, thin slice of samples were cleaved
perpendicular to the b-axis (ferroelectric axis} of pure
and modified crystals. The crystal specimens were
lapped and polished using fine grit, 5-3 pm, alumina
polishing paper and isopropyl alcohol (IPA) as a
lubricant. The polished surfaces of the rectangular
samples were examined under optical microscope for
any induced defects, and finally polished by water and
trichloroethylene solution to remove any polishing re-
sidue. Silver electrodes were thermally evaporated on
to the major faces (0 10) of the crystal. After applying
the electrodes and before the electrical measurements,
the samples were kept at 60 °C for 48h to remove any
moisture present.

The block diagram of complete electrical character-
ization set up and three-terminal sample holder [18]
used is shown in Fig. 2. The electroded sample was
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held between two low-tension spring-loaded gold-
coated clectrodes, to avoid any piezoelectric pick up.
A 3 in. (~ 76.2mm) diameter copper block, with
1000 mm? cavity, wrapped with a 500 W band heater
was used to obtain a.uniform temperature of the
samples. The temperature of the sample holder was
controlled using a YS1-72 proportional temperature
controller and could be varied at any desired rate
(0.05-1°C min~*) by applying suitable voltage to the
band heater. The sample temperature was monitored
using a YS1-700 series thermister to an accuracy of
+ 0.05°C. Prior to the electrical measurements, the
samples were poled to eliminate multi domains, an
inert problem in TGS, which might be superimposed
on the effects of the dopant on the crystal’s electrical
properties. For poling, an electric field of 4kVem™!
was applied across the electroded sample during slow
cooling from above the Curie temperature (52°C)
down to room temperature. A 1618 General Radio
Automatic Capacitance Bridge was used to measure
directly the sample capacitance and dissipation factor
of crystal samples, during a heating cycle of 24-54°C
at a heating rate of 0.08-0.1 °C min ~*, with an a.c. field
of 6 Vem ™! at 1 kHz frequency.
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Figure 2 Schematic diagram of electric characterization set up.

A modified version of a Sawyer—Tower Bridge [18,
197 was fabricated and used to determine the spontan-
eous polarization and coercivefield of crystal samples
by direct measurement of vertical and horizontal in-
tercepts of a saturated loop. The hysteresis loops for
pure and doped crystals, were obtained by a 60 Hz a.c.
field varying from 100-3000 V ¢cm ™! depending on the
domain state of the samples. The pyroelectric current
in these samples was measured by direct method of
Byer and Roundy [20]. The details of calculation of
various electrical parameters are described elsewhere

(18]

3. Figures of merit for pyroelectric
detector targets

The performance of a pyroelectric target is strongly

dependent on its material properties. The responsivity

and detectivity figures of merit [21] proposed for

assessing characteristics of a single-element pyroelec-

tric detector, operating in an optimum manner are

R, = Fp/wC_ A¢ i)
R; = Fp/C,a 2

and
D* = Fp(4KT)’”2/G”2C;/2. (3)

where F is the fraction of incident power which ther-
malizes in the crystal, p the pyroelectric coefficient, C,
the specific heat at constant pressure, a the area, 4 the
thickness of the element, €’ the real part of the dielec-
tric constant, and o the measured conductivity. In
practice, the a.c. conductivity is usually dominated by
the dielectric loss (g7, the imaginary part of the dielec-
tric constant) and one can write 6 = we”’. From these
figures of merit, it is clear that optimizing its per-
formance involves optimizing both the detector geo-

C: silver electroded crystal sample

metry and materials characteristics. In optimizing the
materials characteristics, the dielectric constant and
loss, and the pyroelectric coefficient must be con-
sidered together. So one can write materials figures of
merit as

M, = p/Ce )

for high-voltage resp;)nsivity
M = p/C, (5)

for high-current responsivity
M, = p/C,(e")!? (6)

and one more figure of merit for vidicons application
in [22]

My = p/e)'"? 7

These figures of merit are calculated in the present
paper, assuming that specific heat capacities of differ-
ent crystals do not vary greatly. The usefulness of
materials for specific applications does not necessarily
depend on these figures of merit alone. The other
consideration such as mechanical strength, chemical
stability, power of handling abilities and growth and
ease of fabrication are also important.

4. Results

Figs 3-9 depict the dielectric constant, €, diclectric
loss, €”, pyroelectric coefficient, p, hysteresis loops and
figures of merit, respectively, of TGS crystals as a
function of temperature. Hysteresis loop measurement
data are collected in Table 1. Tables II and IIT show
values obtained for dielectric constant and pyroelec-
tric coefficient of these crystals. The calculated values
of various figures of merit, using the above parameters
are presented in Tables [V-VI.
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Figure 3 Dielectric constant, (¢') of pure and modified TGS crystals

as a function of temperature. (x) TGS; () TGS + Ce; (O) TGS
+ Cs; (O) TGS + L-alanine; (A) TGS + L-alanine + Cs.
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Figure 4 Dielectric loss, (¢”) of pure and modified TGS crystals as a
function of temperature: (x) TGS; (O) TGS + Cs; () TGS + Ce;
(<) TGS + L-alanine; (A) TGS + L-alanine + Cs.
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Figure 5 Pyroelectric coefficient of pure and modified TGS crystals
as a function of temperature (*) TGS; (0) TGS + Ce; (O) TGS
+ Cs; (©) TGS + L-alanine; (A) TGS + L-alanine + Cs.

5. Discussion

The values of ferroelectric and pyroelectric parameters
and type of behaviour obtained for pure TGS crystals
are in good agreement with the literature {1, 8-10, 23].
The properties of TGS vary widely in the literature
because its physical properties depend on various
factors, such as growth conditions, history of the
sample, surface processing and electrode-forming
technique, method of measurement and finally the
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growth pyramid from where the samples have been
cut. Caesium- and cerium-doped TGS crystals exhibit
higher dielectric constant and loss as compared with a
pure TGS sample. Such an increase may be attributed
to frittering of domains due to incorporation of these
impurities into the TGS lattice. Similar results have
also been observed in TGS crystals doped with copper
and chromium ions [24-26]. Further, it is well known
that single-domain crystals exhibit lower dielectric
constant, higher spontaneous polarization, coercive
field, and pyroelectric coefficient [23] than multidom-
ain crystals. Pure, caesium- and cerium-doped TGS
crystals exhibit second-order phase transition and the
transition temperature of about 48.5°C with max-
imum values of dielectric constant of about 75 000 and
30000, respectively. L-alanine- and caesium + L-alan-
ine-doped TGS crystals exhibited lower dielectric con-
stant and loss values compared to the other three
crystals studied. The dielectric constant and loss were,
interestingly, suppressed in the vicinity of the trans-
ition temperature. Such behaviour indicates that the
crystal remains ferroelectric beyond the expected
transition point due to the presence of an internal
biasing field created by substitutional incorporation of
an alanine molecule into the TGS lattice. It prevents
the spontaneous polarization and hence pyroelectric
coefficient and dielectric constant from decreasing in
the paraelectric phase, as occurs in pure TGS crystal.
This is due to the internal bias present in the crystals.
A similar type of behaviour is also observed by ap-
plication of an external field in a proper direction. The
presence of internal bias is clearly demonstrated by a
ferroelectric hysteresis loop (Fig. 6} in only r-alanine
and caesium + L-alanine-doped crystals. The pyro-
electric coefficient and spontaneous polarization is
higher than other crystals in the 3046 °C range, which
is a desirable operating temperature range for pyro-
electric infrared detectors. This type of behaviour
suggests that caesium + L-alanine dopants should be
producing a single domain or nearly poled crystal.
Moreover, the hysteresis loop observed for caesium
+ L-alanine-doped crystal is more symmetrical than
that of the L-alanine-doped TGS crystal. It may be due
to oriented incorporation of dipoles of chelate com-
plexes of caesium with glycine or L-alanine under the
influence of the electric field of the crystallization
front. It can be concluded that caesium + L-alanine-
doped crystals are homogeneously doped as com-
pared with r-alanine-doped crystals. The simultan-
eous doping with caesium and L-alanine may also
cause a sharp increase in the impurity content in the
crystal, thereby creating a larger unipolar region and
improved properties (Tables I-VI).

Using the data of this investigation, various figures
of merit are calculated in order to judge the relative
promise of using modified TGS crystal over pure
crystals in infrared detector and vidicon applications.
It can be seen from Tables IV-VI, that caesium + L-
alanine and L-alanine-doped TGS crystals show
higher values of figures of merit compared with pure,
caesium- and cerium-doped TGS crystals. It is solely
due to reduced dielectric constant and loss, and par-
tially due to a slight increase in pyroelectric coefficient.
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Figure 6 Ferroelectric hysteresis loop of TGS erystals (a) virgin TGS, (b} TGS + L-alanine, (c) TGS + Cs, (d) TGS + Cs + r-alanine.
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Figure 7 Figure of merit (M, = p/e”) for LR. detector responsivity of
pure and modified TGS crystals as a function of temperature. (%)
TGS; (O) TGS + Cs; () TGS + Ce; (&) TGS + L-alanine; (A)
TGS + L-alanine + Cs.

It can be concluded that L-alanine-doped TGS, espe-
cially in the presence of caesium, may be a more
promising material for infrared detector applications,
with a higher temperature range of operation and
without degrading the performance parameters, com-
pared to other crystals studied. L-alanine-doped crys-
tals possess good mechanical strength but crack dur-
ing cleaving and polishing. The crystal doped with
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Figure 8 Figure of merit (M, = p/¢”*?) for LR. detector detectivity
of pure and modified TGS crystals as a function of temperature. (%)
TGS; (O) TGS + Cs; (1) TGS + Ce; (<) TGS + L-alanine; (D)
TGS + r-alanine + Cs.

L-alanine and caesium possesses better mechanical
strength and hence did not crack during polishing.
Further improvement in pyroelectric performance in
the above-mentioned crystal may be possible by in-
corporating a higher concentration of these dopants
into the TGS lattice. The research work in this direc-
tion is in progress. However, actual use of the above
crystals in infrared detectors or vidicon tubes will
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Figute 9 Figure of merit (M = p/¢’*/?) for LR. vidicon responsivity
of pure and modified TGS crystals as a function of temperature. (*)

TGS; (O) TGS + Cs; () TGS + Ce; () TGS + L-alanine; (A)
TGS + r-alanine + Cs.

TABLE I Summary of hysteresis loop data of pure and modified
TGS crystals

Crystals Temp Saturation Spontaneous Coercive

°C) field polarization field
(Vem™1) (10°¢

Ccm™2) (Vem™1)
Pure TGS 2561 1500 2.8 464
TGS + Ce 2565 1039 2.7 466
TGS + Cs 257 1010 2.5 396
TGS + L-alanine 25.67 2750 2.84 704

TGS + L-alanine

+Cs 25.15 2800 31 1290

TABLE II Dielectric constant (&) of pure and modified TGS
crystals

Crystals Dielectric constant at
25°C 30°C 35°C 40°C 45°C

Pure TGS 36.6 48 64 106 250
Caesium-doped TGS 55 67 84 120 300
Cerium-doped TGS 45 61 76 115 350
L-alanine-doped TGS 26 30 37 48 62
L-alanine + caesium-doped

TGS 29.7 38 41 54 69

TABLE HI Pyroelectric coeflicient (p) of pure and modified TGS
crystals

Crystals Pyroelectric coefficient at
25°C 30°C 35°C 40°C 45°C

Pure TGS 23 53 70 98 170
Caesium-doped TGS 24 43 64 85 155
Cerium-doped TGS 26 37 53 84 150
L-alanine-doped TGS 23 38 44 80 172
L-alanine + caesium-doped

TGS 19 55 134 200 315
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TABLE I'V Figure of merit (M, = p/¢') of pure and modified TGS
crystals

Crystals M, at
25°C 30°C 35°C 40°C 45°C

Pure TGS 062 1.1 109 092 0.68
Caesium-doped TGS 0436 0.64 076 0.708 0.52
Cerium-doped TGS 058 061 07 073 042
L-alanine-doped TGS 088 12 148 16 27
L-alanine + caesium-doped

TGS 063 144 326 37 45

TABLE V Figure of merit (M, = p/¢”'/?) of pure and modified
TGS crystals

Crystals M, at
25°C 30°C 35°C 40°C 45°C
Pure TGS 151 64 442 101.6 162
Caesium-doped TGS 13.6 233  34.86 44.18 88.0
Cerium-doped TGS 237 2508 40.65 56.63 91.8
L-alanine-doped TGS 194 438 4876 94.2 345
L-alanine + caesium-doped
TGS 145 564 189.5 282 570

TABLE VI Figure of merit (M, = p/¢''/?) of pure and modified
TGS crystals

Crystals M, at

25°C 30°C 35°C 40°C 45°C
Pure TGS 38 76 875 95 1075
Caesium-doped TGS 32 52 698 775 8.94
Cerium-doped TGS 386 476 608 7.83 8.07
L-alanine-doped TGS 45 69 7.23 11.54 21.84
L-alanine + caesium-doped

TGS 348 89 209 279 379

determine if the predicted improvement in signal to
noise ratio is realized.
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