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The dielectric permittivity in a biasing electric field and also the
spontaneous polarization of LATGS crystals are measured near the ferroelectric

phase transition. It is demonstrated that L-alanine admixtures change the
parameters of dielectric state equation. It is shown that the bias field value
decreases while approaching the phase transition temperature from the  para

-electric phase. The effective non-linearity coefficient B, near Tc, depends
on electric field direction. This anomalous non-linear behaviour can be ex-
plained assuming asymmetric bias field dependence on external electric field.

PACS numbers: 77.80.Bh, 77.20 +y

1. Introduction

The partial substitution of L-alanine for glycine induces an internal bias field
EB in TGS crystals. From the first reports on that subject [1, 2] LATGS crystals
have been extensively studied because of their application as pyroelectric detectors.
The value of EB is associated with the concentration of L-alanine incorporated in
the crystal [3, 4], however its origin is not completely clear. According. to the
model prposed by Keve et al. [2] alanine molecules replace glycine I molecules in
a host lattice resulting in the stable polarization along the ferroelectric axis. The
dielectric hysteresis loop shows considerable unipolarity and displacement along
the electric field axis. The latter is considered as an effect of the internal bias
field which can be treated as a measure of the polarization direction stability. An
eguivalence of EB and an external electric field has been shown comparing their
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effect on such physical quantities as maximum dielectric permittivity value  εm

[3] and temperature of its appearing Tm [3, 5], spontaneous polarization [6], or
specific heat [7]. However, it seems that this equivalence exists for electric field
values higher than EB [8]. The spatial distribution of L-alanine content of LATGS
crystals is inhomogeneous and it has a very large influence on the values of EB [4,
5, 9, 10]. The correlation between the growth asymmetry, the sense of spontaneous
polarization vector and distribution of L-alanine was also studied [10, 11]. LATGS
crystal develop habit which is asymmetric about the (010) plane. The degree of
asymmetry increases with increasing L-alanine content. The crystal form of highly
doped LATGS has the polar symmetry 2 which coincides with the point group of
pure TGS in the ferroelectric phase [11]. The empirical dependence between the
L-alanine content of the crystal and the internal bias field was found by Koralewski
et al. [4]. From various experiments the temperature dependence of internal bias
field has been concluded [13-16]. The results, however, are not univocal but they
show that the mechanism of polarization stabilization in-LΑΤGS crystals is rather
complicated. The effect of L-alanine admixture in TGS can not be characterized
only by constant internal bias field, especially for low alanine content in the crystal.

The extensive literature concerning LATGS crystals lacks the quantitative
analysis of crystals properties from the view point of classical thermodynamic
theory. For the description of the temperature dependence of LATGS spontaneous
polarization K. Imai and- H. Ishida [6] used the dielectric state equation coefficients
estimated by Triebwasser for pure TGS. However considering LATGS crystal as
TGS crystal at EB field seems to be rather risky. It is known that organic admix-
tures in TGS change the Curie-Weiss constant [12] and in consequence also the
first coefficient (Α0) in the dielectric state equation:

where TC is the Curie temperature, D—electric displacement, Α 0 , B and
C—coefficients.

The L-alanine admixture influence on temperature dependence of sponta-
neous polarization can be connected with the change of other coefficients, particu-
larly with the change of the non-linearity coefficient B. Α crystal quality has also
an influence on the temperature dependence of B coefficient [17].

In the present paper we discuss the non-linear dielectric properties and the
EB behaviour for LATGS crystals of relatively low L-alanine concentration.

2. Samples and measurement

Two LATGS crystals were grown at 303K from solutions of various concen-
tration of L-alanine. The samples were cut out from (001) growth pyramid. Taking
into consideration the results from [4] we can assume that L-alanine contents of
the studied samples was 0.04 weight % (crystal I) and 0.05 weight % (crystal II).
The silver paste electrodes were used for dielectric measurements.

The spontaneous polarization PS was determined from ferroelectric hysteresis
loops using the Diamant, Drenck and Pepinsky circuit at 50 Hz. Dielectric permit-
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tivity as a function of temperature, at d.c. electric field was measured using RLC
meter, working with frequency of 1 kHz and a voltage not higher than 1 V. The
measurement was made on cooling at a rate of 0.3 deg/min. In the paraelectric
phase the field dependence of dielectric permittivity was measured. The sample
polarization was modulated applying low frequency field (0.01 and 0.005 Hz) of the
amplitude of about 200 kV/m. The temperature was stabilizeed to within 0.02 Κ.

3. Results

In the Fig. 1 the temperature dependence of reciprocal dielectric constant is
presented. For both crystals, above ΤC, the Curie-Weiss law was well obeyed. For
the crystal I the Curie-Weiss constant was 3493 K 1 , whereas it was lower for the
crystal II amounting to 2753Κ -1 . The latter value is close to that obtained by
Gaffar et al. [12]. The coefficient A0 values estimated from these data for crystals
I and II are 3.23 x 10 7 and 4.10 x 10 7 VmC -1Κ-1 respectively.

Measurements of the dielectric permittivity as a function of temperature for
several d.c. fields were carried out. From the dependence of the dielectric per-
mittivity maximum εm on electric field the internal bias field and non-linearity
coefficient B can be determined. If the dielectric state equation (1) can be limited
to two first terms only, the following relation is fulfilled [18]:

In the Fig. 2 the -3/2 power of εn, as a function of electric field for the crystal

II is presented. The dependence is linear except for some field range around the
-ΕB value. It is characteristic of LATGS crystals that even if EB is compensated
by external electric field, εm is lower than that for pure TGS. The linear parts of
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the dependence under discussion show on the E-axis the internal bias field value.
We have obtained 50 kV/m and 83 kV/m for crystals I and IΙ respectively.

From the linear dependence of εm-3/2  on electric field E, the non-linearity coef-
ficient B was estimated. We have obtained (7.6±0.2) x 10 11 and (12.1±0.6) x 1011 x
Vm5 C-3 for crystals I and ΙI respectively. The first value (crystal I) is close to
that of pure TGS, but the second value (crystal IΙ) is considerably higher. To
investigate in detail the non-linear dielectric properties, the dielectric permittivity
as a function of electric field in the paraelectric phase was measured. As an exam-
ple the field dependence of dielectric constant measured for crystal I at 322.8 K
is presented in Fig. 3. The maximum of ε(Ε) dependence is displaced along the
E-axis. The magnitude of this displacement can be taken as a measure of EB.

If we assume the equivalence of both external and internal bias fields, the
state equation (1) should be fulfilled for the net field defined as follows

From this point of view the asymmetry of ε(Ε) dependence with respect to
the axis corresponding Enet = 0 may appear rather surprising. Such a asymmetry
can be seen in Fig. 3 and it was observed in the temperature range of about
2 K above the phase transition temperature. In the paraelectric phase the state
equation (1) generates the following relation for the dielectric permittivity [19]: .

where ε(0) denotes the dielectric permittivity at the zero field. It is understandable
that if the internal bias 'exists this relation is satisfied for field Enet, and ε(0)
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denotes the maximum value on the ε(Ε) curve. The both branches of ε(Enet)
dependence fulfil equation (4) but with different coefficients B (see Fig. 4).

The non-linearity coefficients obtained for both crystals are presented in Fig.
5. The B coefficient, determined for Enet of the same sense as EB , increases while
approaching the phase transition temperature from the paraelectric phase, whereas
for Enet opposite to EB it is practically temperature independent.

The state equation coefficients can be found in the ferroelectric phase from
the temperature dependence of spontaneous polarization. The experimental results
obtained for the crystal II are presented in Fig. 6. The solid line is generated from
the formula

with A0 = 4.1 x 107 VmC-1K-1, B = 10.8 x 1011 Vm5C-3 , C 9.3 x 1014 Vm9C-5 ,
ΤC = 322.54 K. The best-fit parameters B,C and Τc were found by the least
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squares method, taking for calculations the Α 0 value obtained from the Curie-Weiss
law.

From the position of maximum on the ε(Ε) curve, the temperature depen-
dence of EB in the paraelectric phase was determined. In the case of both crystals
the internal bias field decreases while approaching Tc (see Fig. 7).

The changes of EB were greater ín crystal of lower concentration of L-alanine.
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4. Discussion

The L-alanine admixture causes local distortion of the TGS lattice and sub-
stituting for the glycines I it becomes the polar center which will have their dipoles
pointing in the same direction. Thus there is a macroscopic irreversible polarization
associated with the alanine which polarizes the host. The total dipole moment and
the internal bias field due to the alanine in TGS depend not only on the alanine
dipole moment but also on the character of interaction between the polar center
and the surrounding lattice [20-22]. It seems that for the LATGS of low concen-
tration of L-alanine, the internal bias field depends on temperature [14-16] and
to some extent on time [14]. For TGSe crystals with alanine admixture the weak
dependence of EB on temperature in the ferroelectric phase was also found [23]. In
all mentioned papers EB value decreases whine approaching the phase transition
temperature. It is in agreement with our results.

The obtained values of the dielectric state equation coefficients prove that
LATGS cannot be considered as pure TGS at the field EB. The admixtures chang-
ing the local fields—electric and mechanic—cause the changes of the state equa-
tion parameters. The coefficients obtained for crystal II differ considerably from
the ones describing dielectric properties of TGS.

The dependence of the dielectric permittivity on electric field strength in the
paraelectric phase demands some additional comments. The dependence asym-
metry has been observed earlier for γ-damaged TGS crystals [24]. L-alanine in
TGS crystals generates not only the internal bias field but also the asymmetry of
polarizability. The coefficient B obtained for fields Enet opposite to EB ("+"

direction) is temperature independent and approximately of the same value as that
resulting from the spontaneous polarization measurements. For Enet parallel to
ΕΒ ("–" direction) the nonlinearity coefficient (denoted B') changes with temper-
ature. Such a temperature dependence seems to be characteristic of crystals whose
dielectric properties are influenced considerably by a space charge [25, 26]. It can
be assumed that we deal with some non-ferroelectric effect which gives additional
contribution to the non-linear properties of the crystal. The measured dielectric
permittivity is the macroscopic quantity which can be influenced by all inhomo
geneities of the field in a sample, what can give effect on the B value estimated
from ε(Ε) dependence. The non-linearity coefficient B appearing in the dielectric
state equation cannot depend on the electric field sign, it means that the asymme-
try of ε(Ε) dependence i8 of non-ferroelectric origin. However as B obtained for
the "+" direction does not depend on temperature and has the value close to that
for ferroelectric phase, we can consider it as the "real" value of B.

The experiment shows that dielectric behaviour of LATGS crystal can be
well described by two state equations 	.

Assuming that B is the non-linearity coefficient for the both equations, we are in
agreement with the experiment providing that EB depends on the electric field.
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Thus the equations can be formulated as follows:

Hence ΔΕΒ = (Β1 — Β)D3 .
Taking D(Ε) from the first equation we can calculated the changes of the

internal bias field ΔΕΒ caused by external electric field. The dependence of Enet
on external electric field calculated for Τ = Τ + 0.2 K is presented in Fig. 8.
For Enet < 0 there is a deviation from the linear relationship between Enet and

Ε. The internal bias field dependence on Ε is presented in Fig. 9 for two chosen
temperatures. (It should be mentioned that such á dependence was obtained after
several repolarization of the sample.)

Thus the asymmetry of the non-linearity of LATGS can be attributed to the
field dependence of internal bias.

Considering the presented results it is hard to explain a mechanism of the
internal bias field behaviour. However, it seems likely that internal field produced
by L-alanine is to some extent screened by the space charge.

Description of LATGS dielectric properties by the classical state equation can
be regarded only as the first approximation. Theoretical treatment of a ferroelectric
crystal with polar anisotropy centers has been proposed by Okada [27]. The theory
has been used for LATGS properties discussion by Tylczyński [28]. In this approach
the internal bias field is expressed by the, formula
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where: λ is the volume fraction of the ferroelectric part in the crystal, Ρ0 — polar-
ization of the region occupied by polar anisotropy centers without the electric field,
k — the interaction constant between the ferroelectric region and that occupied
by polar centers, α — dielectric susceptibility of that second region. Ρ0 is a factor
which depends not only on the alanine dipole moment but also on the displace-
ment of the charge in the surrounding lattice. It seems that the charge distribution
around the glycine admixture is modified by external electric field but this effect
depends on the electric field direction.
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