AZORBAYCAN MiLLI ELMLOBR AKADEMIYASININ XOBSRLORI
Fizika-riyaziyyat vo texnika elmlari seriyasi, fizika vo astronomiya 2005 Ne2

MEMORY EFFECT IN FERROELECTRICS WITH LAYER STRUCTURE
TIINS, and Tl1GaSe,

S.S.BABAEV! T.G.MAMMADOV}, F.A.MIKAILOV!?
MIRHASAN Yu. SEYIDOV!? R.A.SULEYMANOV!*?? G.M.SHARIFOV*?

Institute of Physics, Azerbaijan Academy of Sciences®
AZ 1143, Baku, H.Javid ave., 33
Department of Physics, Gebze Institute of Technology?
Gebze, 41400, Kocaeli, Turkey
Baku State University®
AZ 1148, Baku, Z.Khalilov str., 23

The temperature dependences of the dielectric constant of ferroelectrics-semiconductors with layered
crystalline structure TIInS, and TIGaSe, have been studied after their annealing inside the incommensurate
phase. The “classic” memory effect consisting in appearance of an inflexion point on dielectric constant
temperature behavior have been revealed. The peculiarities of memory effect in the investigated crystals
are considered in the frame of the model of defect density waves (DDW). It is shown that memory effect in
layered crystals embraces the wide temperature interval due to the specific type of mobile defects in
crystals with layered crystalline structure.

INTRODUCTION

The ternary compounds TIInS, and TIGaSe, belong to the group of
semiconductors having layered crystalline structure. According to structural
investigations [1], the crystals possess monoclinic structure with space symmetry group

of C.. . It has been established that both of investigated crystals exhibit a sequence of
structural phase transitions to an incommensurate, IC, (at T,=216K in TlInS; and 120K in
TIGaSe;) and commensurate, C, ferroelectric (at T, =201K in TIlInS, and 107K in

TIGaSe,) phases. Note, that in different works the phase transition points can differ from
those shown above, depending on the samples under investigation. According to existing
data the transition to IC phase is associated with condensation of a soft mode at point
q(6,0,0.25) of the Brillouin zone, where ¢ is the incommensurate parameter. On sub-
sequent cooling both crystals exhibit phase transitions into the commensurate phase with
quadrupling of the unit cell parameter along the direction perpendicular to the layers. In
polar phase the spontaneous polarization vector lies in the plane of the layers [2,3].

As it is known, the presence of incommensurately modulated structure in crystals
leads to so-called memory effects [4-7], which were observed after annealing of the
crystals at some fixed temperature within the IC phase. The fact is that when scanning the
temperature after annealing, the crystals “remembered” the annealing temperature on
subsequent heating or cooling cycle. According to widely accepted explanation existing
in the literature, these effects are caused by mobile defects interacting with a modulated
distortion. The mobile defects move to the new positions during the long time annealing
of the crystal within the IC phase. These defects still remain at their new positions on
subsequent heating or cooling and, as a result, some changes in measuring parameters are
registered.

The influence of annealing as well as thermocycling between the ferroelectric and
incommensurate phases in TlInS, and TIGaSe, crystals were investigated in [8-11] using
dielectric constant measurements in the temperature interval of successive phase
transitions. Low temperature shifts of the commensurate phase transition point in both of
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crystals after annealing the sample inside the IC phase (the type of memory effect) as
well as changes in dielectric constant curves shapes were observed.

The present paper reports the results of detailed investigations of temperature
behavior of dielectric constants in ferroelectrics-semiconductors TIInS; and TIGaSe; after
the annealing the crystals at some fixed temperatures within the IC phase. The memory
effect of classic type has been observed for the first time in the investigated crystals
together with peculiarities, which are specific for the layer structure. These peculiarities
are attributed to the specific type of mobile defects in these crystals, namely, interlayer
defects that have very high concentration and mobility due to the weak bonding between
the layers.

EXPERIMENTAL DETAILS

The crystals were grown by Bridgman method and oriented along the polar axis,
which lies in the cleavage plane. The samples had rectangular form and the surfaces
perpendicular to the layers plane were polished and covered with silver paste. The
dimensions of the electrodes were 6x2mm? with an inter electrode distance of 2mm.
Measurements of the real part of the dielectric susceptibility, £(T), were performed using
a capacitance bridge at the frequency of 1kHz in the temperature range of 77+300K. A
cryostat and automatic temperature controller allowed to scan the temperature with a rate
1K/min and to stabilize the temperature with accuracy better than 0.05K.

The measurements were performed according to following procedure. Firstly the
samples were cooled down to 77K and kept at this temperature during 20min. Then the
samples were heated and annealed at the some fixed temperature within the IC phase
during some hours. Then the samples were cooled again and the temperature
dependences of the dielectric constant were measured on a heating cycle. After each
measurement the sample was heated up to the room temperature then cooled, and the next
cycle of measurement was performed.

EXPERIMENTAL RESULTS

The temperature dependences of dielectric constants for TlInS,; and TIGaSe;
crystals obtained after cooling the samples from room temperature are shown in Fig.1.
Both &(T) curves are characterized by peaks,

1 TiinS - @ . .. .
12004 1IN Ty K which correspond to phase transition points T,
1;’22? :.“\\ Ti=214K and T¢.. Thermal annealing within the
] / .,

600 —
400 —
200 +

..,
LI

incommensurate phase leads to the shifting of
phase transition points, as it was observed in
[8,9]. The main problem discussed in the
present paper is how the classic memory

. 180 190 200 210 220 effect reveals itself in crystals under
16004 TIGaSe, <7/ %K bl investigations.
1 1 TE13K
1200 o
] ,{\m, Fig.1.
800 . The temperature dependencies of the real part
400 Vi T of dielectric constant in TlInS, —“’a’> and
e *I""I . [ - TIGaSe? - b, cry§tals measured on heating
80 s 100 110 120 130 140 Cycle without annealing.
T.K

21




S.S.BABAEV, T.G.MAMMADOV, F.A.MIKAILOV et al

The Figs.2 and Figs.3 demonstrate the memory effects in TlInS, and TIGaSe;
crystals as they usually observed in other crystals with incommensurate phase, that is the
changes of dielectric constant temperature behavior after and before annealing, Ve/e. In
the case of experimental conditions realized during the registration of g(T) curve, after
annealing of the crystals during the 2+5 hours within the IC phase the classic memory
effect is observed with inflexion point at annealing temperature in both crystals.
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deviations of the real part of dielectric
constant, Velg, in TlInS, crystals measu-
red on heating cycle after the annealing at
208K: for 2.5hours-a and 5hours —’b’”’.

deviations of the real part of dielectric cons-
tant, Vele, in TIGaSe; crystals measured on
heating cycle after the annealing for 5hours
at 106K — “a”, and 3hours at 108K- “b”.

As it is seen from Figs.2 and Fig.3 the amplitude of the Ve/e increases with
annealing time, but the shape of Ve/e curve depends on the annealing temperature also.
It is seen from Fig.3b that the negative peak near the 104+105K becomes more
pronounced when annealing temperature shifts to the lower temperatures. In both crystals
the memory effect is not observed if the annealing temperature is choused within the
commensurate phase. As in other crystals with memory effect, the amplitude of the Ve/e
function gradually decreases and memory effect is totally disappeared after the crystals
heat to some temperature above the T;. However, the clear peculiarities of memory effect
manifestation in investigated crystals also exist. First of all, the temperature interval in
which anomalous behavior of dielectric constant is observed is very large comprising
almost all incommensurate phase intervals. Usually (see for ex. [4,5]), memory effect
reveals itself in 1+3K temperature interval after 15+20hours annealing within the
incommensurate phase. Besides, the amplitude of deviation of dielectric constant in our
case is almost twice larger in spite of much shorter annealing time. At last, when
annealing temperature shifts to the lower temperatures the Vele curve becomes
“asymmetric”, Fig.3b, proving once again that the memory effect comprises the whole
incommensurate phase.

22




MEMORY EFFECT IN FERROELECTRICS WITH LAYER STRUCTURE TIInS, and TIGaSe,

DISCUSSION

According to [4-8] the memory effect in crystals with IC phase is due to formation
of DDW. After the long time annealing at some fixed temperature within the IP mobile
defects move to new positions and create periodic distribution of defects along the
modulation direction.

If after the short (with respect to annealing time) period of time the crystal again is
subjected to heating or cooling from some temperature far from annealing temperature
some changes in physical parameters behavior are observed when temperature crosses the
annealing temperature. The mechanism of such behavior of physical parameters (usually,
dielectric constant and birefringence) is based on the interaction of modulated wave with
periodic potential created by DDW [4,5]. The modulation wave becomes locked at
temperature interval close to annealing temperature leading to anomalies like shown in
Figs.2 and Fig.3. Usually this type of artificial lock-in manifests itself in temperature
interval which depends on some parameters which describe the modulation wave, defect
subsystem and their interaction which each other, namely: modulation wave-defect
interaction potential, concentration of mobile defects, their diffusion constant, annealing
time, temperature variation of modulation wavelength, etc. In theory [4,5], for example,
the artificial lock-in temperature interval does not exceed 1+2K after annealing
10+15hours. The same order of lock-in temperature interval is characteristic for memory
effects in other crystals. Substantially wider temperature interval, which is typical for
TIINS, and TIGaSe, needs special explanation and we think that this peculiarity of
memory effect is due to peculiar character of mobile defects in layered crystals. Really, it
is well known [12,13], that the most typical defects in layered crystals are interlayer
defects which are very mobile and have very high concentration due to the weak
interlayer bonding. The modulation wave in TIInS, and TlGaSe; is created in the
direction perpendicular to the layers, so that it can be well distorted by interplanar
defects. Thus, all the important parameters which can lead to the widening of the
artificial lock-in interval in layered crystals are extremely large comparing with that in
other crystals in which the memory effect is observed.

As it was already mentioned, the annealing within the incommensurate phase in
TIInS; and TIGaSe; crystals leads to the shifting of the phase transition temperatures also.
Although, these effects need special explanation [8-11], it seems natural to suppose that
the model of extremely mobile defects with high concentration can help in understanding
of these phenomena also, thus proving the mechanism proposed in [8-11].
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THnSz VO TlGaSe: LAYLI STRUKTURALI SEQNETOELEKTRiKLGRDS
YADDAS EFFEKTI

_ S.S.BABAYEV, T.Q.MOMM®ODOYV, F.A.MIKAILOV,
MIiR-HOSON Yu. SEYIDOV, R.A.SULEYMANOV, Q.M.SORIFOV

TIInS2 vo TIGaSe layli kristallik sturukturali seqnetoelektrik-yarimkegirici kristallarin
nisbotsiz fazada otcigindon sonra kristallarin dielektrik nifuzlugunun temperatur asililigi todqiq
edilmisdir. Dielektrik sabitinin temperatur asililifinda oyilmo noéqtesi ilo 1izo ¢ixan “klassik”
yaddas effekti miisahido edilmisdir. Tadqiq edilmis kristallarda yaddas effektinin xiisusiyyatlori
defektlor sixliginin dalga modeli asasinda baxilmisdir. Gostorilmisdir ki, layl kristallarda yaddas
effektinin genis temperatur intervalini shatos etmosi layl strukturali kristallarda miioyyan tipli
mobil defektlorin olmasi ilo slagodardir.

IDPDPEKT ITAMSTH B CETHETOJJIEKPUKAX uTIInSZ M TIGaSe, CO CJOUCTOM
CTPYKTYPOU

C.C.BABAEB, TT.MAMEIOB, ®. A MUKANJIOB,
MUWP-TACAH 10.CEMJIOB, P.A.CYJIEMUMAHOB, I M.ILIAPU®OB

TemneparypHble  3aBUCHMOCTH  OHMSJIGKTPHUYECKOH  NPOHUIAEMOCTH  CETHETOXJIEKTPHKOB-
nonynpoBogaukoB T1INS, u TlGaSe,, o6nagaromux CIOUCTOW KPUCTAJUIMYECKONH CTPYKTYpOH, OBUIH
U3yYeHBbl II0CJIe OT)KHUIa KpPHUCTALUIOB B Hecousmepumoil ¢aze. "Kiaccnueckunit” s¢dexr namsTy,
COCTOSIIIIMH B TIOSBJICHWHM TOYKM Tiepernba Ha TeMIepaTypHOH 3aBHCHUMOCTH IHUAJIEKTPUYECKOU
MOCTOSIHHOM, OBl mpojeMoHcTpupoBaH. OcobeHHOCTH 3 deKTa maMsiaTH B HCCIEIOBAaHHBIX KpHUCTAJLIaX
paccMaTpHBalOTCSl B paMKaxX MOJEIM BOJHBI INIOTHOCTH aAedekToB. [lokazaHo, 4To 3¢ (deKT nmaMmsTa B
CIIOMCTBHIX KpPHCTAJUIaX OXBaThIBACT IIMPOKUU TEMIIEpaTypHBIl HHTEpBajl M3-3a OINPEIEJICHHOI'O THIIa

MOOWJIBHBIX 1e()EKTOB B KPUCTAIJIAX CO CIOUCTOU CTPYKTYpOii:

Penaxrop: O.I'yceitHoB
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