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INSTABILITY OF THE DIELECTRIC CONSTANT IN TlInS; NEAR THE PHASE
TRANSITIONS
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Dielectric constant of TlInS, was measured in the temperature interval of successive incommensurate (I C) —~ commensurate (C) phase
transitions. Considerable decrease of the dielectric constant was observed after annealing the sample at a fixed temperature in the ferroelec-
tric state. Observed effect is qualitatively explamed using phenomenological theory of IC systems containing discommensurations (DCs)

undergoing nucleation and evolution processes.

INTRODUCTION

Ternary layered semiconductor TlInS, exhibits successive
low temperature structural ferroelectric phase transitions. It
belongs to monoclinic system (300 K) and may be described

with Cgh space group containing two disordered layers per

unit cell. Detailed investigations of the dielectric properties in
a wide temperature range [1,2,3] showed that TiInS, under-
goes a sequence of the phase transitions: at 216 K and 206 K
- into two different IC phases; at 204 K - into the phase with
antipolar ordering and at 201 K - into C ferroelectric phase.

Recently thermal memory effect related with IC phase
was observed in TIInS, by analyzing the results of the pi-
roelectric, photoelectric, thermally stimulated currents and
the dielectric measurements [4,5,6,7]. The observed effect
was explained assuming the pinning of IC modulation due to
mobile defects in the crystal with layered structure.

In the present paper the temperature behavior of the di-
electric susceptibility of TlInS, is investigated prior and after
annealing the sample for a long time inside the C ferroelectric
state.

EXPERIMENTAL

The crystals were grown in evacuated quartz ampoules
with the modified Bridgman method. The samples were
cleaved into plates parallel to the layers and oriented along
the polar axis. Side faces of the samples were gently polished
in the direction perpendicular to the direction of polar axis,
cleaned and covered with silver paste. The thickness of the
samples was typically of 1 mm, while the area was about
10 mm®.

The measurements of the dielectric susceptibility were
performed along the polar axis in the temperature range of
90-300 K in a low temperature cryostat system using bridge
method. The measurements were performed at 1 kHz. The

- temperature was controlled with a copper-constantan thermo-

“couple attached with Duco cement onto the sample. The tem-
perature was measured with an accuracy not less than 0.05 K.
The rate of the temperature scanning was 0.5 K/min.

RESULTS AND DISCUSSION

The experiments were performed in the following se-
quence: first the sample was cooled down to 90 K and the
temperature dependence of the real part of the dielectric sus-
ceptibility £’ (T) was measured on heating run up to the
room temperature (Fig.:curve 1). Then the sample was cooled
down to 90 K and annealed at this temperature during 10 hours. .
After annealing &£’ (T) dependence was measured again
(Fig.:curve 2). No peculiarities of &' (T) were observed at
the temperatures below 190 K that is why this temperature
range is not shown in the figure. As it is seen after above
mentioned treatments &' decreased in the temperature range
of the successive phase transitions. In addition the tempera-
ture points of C phasedransitions at 201 K and 204 K shifted
to higher temperatures to ~ 0.5 K. However, on.subsequent
thermocycling between the ferroelectric and paraelectric
phases €'(T) increased with increasing the number of cycles.
Finally, after about 5-7 thermocycling the temperature de-
pendence of €’ exhibited an initial behavior.
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Fig. Temperature dependence of the dielectric susceptibility of
TlInS, on heating process: 1 - normal behavior; 2 - after

annealing the sample for 10 hours at 90 K.
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Results obtained may be qualitatively explained on the
base of phenomenological theory of IC systems assuming
existence of DCs in TlInS; in the temperature interval of IC-C
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phase transitions. As it was shown in [8], the dielectric sus-
ceptibility consists of normal and 'anomalous’ part. 'Anoma-
lous' part of the dielectric constant arises due to movements
~ of DCs in response to applied electric field and this part de-
termines mainly a magnitude of the dielectric susceptibility in
the temperature range of IC-C phase transitions. When cool-
ing the crystal down to IC-C phase transition point { T,=204 K
for TlInS,) the distances between DCs increase leading to a
weaker interaction between them. As a result applied electric
field can easily induce larger domains, oriented in the direc-
tion of applied field. This will increase the total bulk polari-
zation. Increased polarization will increase a magnitude of
the ‘anomalous' part of the dielectric susceptibility. According
to phenomenological theory [9], in the vicinity of T the di-
electric constant increases infinitely (as T—»T.) explaining
Curie Weiss behavior in a certain temperature range above
T., which can be represented by the following expression:

X-Xo=lcns/4dm(T-T:) lexp (n/ns) , (1)

where ng is the density of the DCs, g, is the dielectric sus-
ceptibility in the C phase, ¢’ is a constant.

After C phase transition the dielectric susceptibility exhib-
its a slow decrease with decreasing the temperature below T_.
This may happen due to pinning of DCs by mobile defects in
the crystal lattice. The expression for y-y, in the C phase
was obtained in {10] and can be described as:

X~Xo=(P/70o%) ns , ()

where P is the spontaneous polarization below T, and o is
the half width of the Gaussian distribution of the defects
field.

As it is seen from above mentioned considerations, an
'anomalous’ part of the dielectric constant in crystals with I¢C

phases depends on the density of DCs (formula 1). Therefore
we can suppose that observed peculiarities of £’ (T) are as-
sociated with the processes of nucleation (annihilation), evo-
lution and redistribution of DCs.

Taking into account above-mentioned comments the ob-
tained results may be qualitatively explained as follows. After
annealing the sample for a long time at 90 K the crystal will
contain a minimum number of DCs. In this case the domain
boarders are rigid and it is difficult to reorient the domains
under applied electric field. Low value of induced polariza-
tion will result to a lower value of the dielectric susceptibility
(Fig..curve 1). Heating the crystal will result to formation and
evolution of DCs. But this process has high activation energy
and that is why is comparatively embarrassed. it will lead to a
delay of crystal transformation into IC phase and we observe
shift (0.5 K) of ¢’ (T} maximum at 201 K and 204 K to
higher temperatures (Fig.:curve 2).Subsequent thermocycling
increases the density of DCs, which may act as a centre of
nucleation for a new DCs. This process will require compara-
tively low activation energy. With each thermocycling a
number of DCs increase, resulting to a higher value of the
dielectric susceptibility. After 5-7 cycles the crystal will to-
tally 'defreezed' (a uniformity of ICs will recover) and fi-
nally, an initial behavior of £’ (T) dependence will take
place (Fig.:.curve 1). Relaxation processes in TlInS, have
been also revealed when measuring the time-dependencies of
the dielectric constant. The details will be presented in a se-
parate paper.

CONCLUSION

Activation processes of nucleation (annihilation), evolu-
tion and redistribution of DCs play an important role in the
relaxation of the dielectric susceptibitity of TlInS, in the
range of IC-C phase transitions. -

[1] F.M.Salaev, KR Allakhverdiev and F.A. Mikailov. Fer-
roelectrics, 1992, 131, p.163.

21 R.A.Suleymanov,M. Yu.Seidov,F.M.Salaev,F.A. Mikailov.
Soviet Physics: Solid State, 1993, 35, 177.

[3] K R.Allakhverdiev,N.Turetken F.M.Salaev,F.A. Mikai-
lov. Solid State Commun., 1995, 96, p.827.

[4] S.Ozdemir, R.A.Suleymanov,K. R Allakhverdiev,F. A. Mi-

" kailav and E. Civan. Solid State Commun., 1995, 96,
p. 821.

[5] S.Ozdemir, R.A.Suleymanov, E.Civan and T Firat. Solld
State Commun, 1996, 98, p.385.

(6] S.Ozdemir and R A. Suleymanov . Solid State Commun,
1996, 101, 309.

{71 KR Allakhverdiev, F.A. Mikailov, A.M.Kulibekov, N.Tu-
retken . Int. J. Phase Transitions, 1998, 67, p.457.

[8] N. Mashivama, and N.G. Unruh . J.Phys. C Solid State
Phys., 1983, 16, p.5009.

{91 RBlinc,P.Prelovsek, A.Levstik and C.Filipic. Phys Rev.

-~ B, 1984,29, p.1508.

[10] P.Prelovsek, and R.Blinc . ] Phys C: Solld State Phys.,

1984, 17, p.577. ’

T.Q. Mammadov, T.S. Mammadov, F.9. Mlkayllov, ML.A. leamaddmova, M.Y. Seyldov
FAZA KECIDLORI YAXINLIGINDA TiinS; KRISTALININ DIELEKTRIK NUFUZLUGUNUN QEYRI-STABILLIYi

Nisbatli-nisbatsiz faza kegidlori yaxinhiginda TIInS; kristalnm dielektrik niifuzlugu (&) olgtilmiisdiir. Niimuneni seqnetoelektrik
fazada uzun miiddet saxladiqdan sonra &-un qiymetinin béyiik miqdarda azalmasi mileyyen edilmisdir. Gésterilmisdir ki, bu hadise
domenabanzar solitonlarin yaranmasi va tokamiil proseslarini nazers alan nisbetsiz faza keqndlarmm fenomenoloji; modeli asasinda

izah oluna biler.

T.I'. Mamepos, T.C. Mamenos, ®.A. Mmcaunon, M.A. Huzameqannora, M.IO. Cenaos
HECTABHJILHOCTL JUIJEKTPHYECKOM MPOHUIIAEMOCTH TIInS,; BEJIM3U ®A30BBIX MNEPEXOJ0B

Mamepena avoaexTpuueckas MPOHMLIAEMOCTS (£) croucToro kpucraita TlnS, B okpecTHOCTH (ha30BOrO MEPEXO/A HECOMIMEPUMAS-CO-
n3Mepumas asa. YCTAHOBICHO 3HAUHTENbHOE NOHIKEHHE £ NIOCTIE TEMITePaTypHOH BeUIepxki 06pasua B cerneTosnekTpuueckoli dase. [o-
Ka3aHo, 4TO Hab/MONAEMOE NOBEJACHHE £ MOXHO OGBACHUTh HA OCHOBE (EHOMEHONOTHYECKOH MOLENH HECOMIMEPHMEIX (as0BbIX IIEPEXo-
0B, YHHTHIBAIOLICH NPOLIECCH 3aPOXKACHHS U IBOIOLUMH JOMEHONOAOGHSIX CONUTOHHBIX 06Pa3oBaHMA.
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