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Abstract

Ultrasonic and piezoelectric studies of two-dimensional layered crystalline structures ,MM(M,M*=Cu, In, Sn, Cr; X=S, Se) are
presented in this contribution. It was shown, that such materials: GB{nRuCrRBS; and CulnBSe; undergo phase transitions (PT) and

exhibit piezoelectric effect in low temperature phases. Anomalies of ultrasonic velocity and attenuation at phase transitions have been observed
in these materials. Measurements of temperature dependencies of ultrasonic velocity and attenuation revealed the first order phase transition &
T, ~ 312 Kin CulnRS;; two successive phase transitionat~ 180 K andT., ~ 145 K in CuCrBS;; and two phase transitionshg ~ 235 K

andT,~ 228K in CulnRBSe;.
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Keywords: Crystalline plates; Piezoelectric properties

1. Introduction physical propertie§.” According to calorimetric, dielectric
and X-ray datd CuCrRSs crystalline plates undergo
Tin hypotiodiphosphate SRS is a ferroelectric-  two phase transitions &1~ 190K andTe>~ 150K, and
semiconductor material, exhibiting strong piezoelectric have three phages: parae|ectr'|[:>('|'cl)' antiferroelectric
effect and suitable for applications in electroacoustics and (T < T,) and intermediate quasi-antipolar in the temperature
electrooptics:™ Substitution of chemical elements in this range Tep<T<Te1). It was shown, that the paraelectric
material allows obtaining new compounds exhibiting rich phase has symmetry C2/c and the antiferroelectric phase —
variety of physical properties, photosensitivity and ionic pc symmetry. The intermediate phase is characterized by
conductivity. Recently layered materials such as: Cu88P  incomplete antipolar ordering of the cooper cation sublattice
CulnP;Se;, CuCrSs and SnBSs were obtained in form  and is treated as a kind of dipolar glass or incommen-
of thin crystalline plates. Culnf crystals represent an  surate structur®® CulnP.Se; layered crystals also are
example of a collinear two-sublattice ferrielectric system. non-compensated ferrielectrics with two cation sublattices
The first order phase transition (PT) of the order—disorder (indium and cooper}®1In CulnP.Se; compounds the first
type from paraelectric to ferrielectric phase is realized at order PT aff¢»~ 236 K and second order PT & &~ 249 K
Tc~312K. The symmetry change at the PT (C2/Cc) (the symmetry reduction R8<« P31c at the PT) was
occurs due to ordering in cooper sublattice and displacementobserved? The layered crystalline plates of Sif belong
of cations from the centrosymmetric positions in the indium to R3 symmetry group, which is preserved until melting
sublattice®> The spontaneous polarization arising at the PT is temperature. Hence, the ultrasonic and piezoelectric prop-
perpendicular to layer plane and directed aloraxis. The  erties of these materials are almost unknown; the present
phase transition is accompanied by anomalous behaviour ofcontribution is aimed at studying the phase transitions,
polarization processes in above described materials by
temperature investigations of ultrasonic and piezoelectric
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2. Experimental —r - ®* - fr - ' -
0,30 .
Ultrasonic velocity and attenuation measurements were  gos|
carried out by computer controlled pulse-echo equipriént.
Ultrasonic system allowed us to measure delay intervals  0.20F
less than 0.2ns, therefore the relative ultrasonic veloc- - 015'
ity measurements in very thin samples were possible. —:

2 + o 4
Piezoelectric measurements were performed on automatic 0,10} 4

T
1

resonance—antiresonance apparatus. Silicone oil was the ma - 8
terial for making acoustic bonds. Silver paint electrodes were ~ 0.05f o .
used for electric measurements. 0.00 i % 1
I i 1 i 1 i L i 1 i 1 i
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3. Results and discussion T,K

The ultrasonic and piezoelectric data of CuiBp thin E|3I.né;h;aiimperature dependence of electric signal detected by c-cut

plates, prepared by solid-state reaction, were presented
earlier/ Recently, better quality CulnS crystals of
0.4cmx 0.6cmx 0.6cm dimensions were grown by
Bridgman method. Therefore, it was possible to measure
ultrasonic properties in two directions: across and along . ) -
layers of the crystal. The crystallographizaxis was ofelec_tromechanlc_al cogpl_lng coefﬁ_uentofCuigSEpla_te.
perpendicular to layers. Measurements of the temperatureareAZ):t ;\gz dd(tajcg(t:):l?r Ii?] IgL%tfrnémg sltrjlzceeesdswt(;ePT
dependencies of longitudinal ultrasonic velocity and at- P .  CTY ' Y .
tenuation coefficient revealed increase of attenuation andtemperature erendenues orong_ngdmaI ultrasonic velocity
critical slowing down in velocity at the PT. Anomalies of :ﬁgﬁtt&? (;Ja;r?(r)]r;naeliizurr?gaarllcf;?riqselrgti?ég—alsg(: lr(y S;?:(Sj
ultrasonic velocities, measured in both directions, are shownT - 145K (Fig. 9. Velocit minimF; cores _ond o the at-
in Fig. 1 Velocity dip at PT is considerably less for the 2~ 9. 9. y b

. . . tenuation peaks. The attenuation has additional contribution,
ultrasonic wave propagating along layers. Such anisotropy

arises from orientation dependence of corresponding elasticwhICh increases with temperature increasing; it represents the

constants, which depend on appropriative electrostriction :T;:iﬂg?rg;g gtr; ii:onhcagznl;jeulg% Eyligiuvigsrzg;ysiiz the
coefficients!* By direct measurements of electric signal P N . )
X . : frequency dependence of modulus of electric admittance
from c-cut CulnBSg piezoelectric transducer, it was shown, . . - o
. ; oo . ; for crystalline plate (thicknesd=0.14 mm). Electric field
that piezoelectric effect exists in ferrielectric phase below was aoplied alona-axis. The resonance and antiresonance
312K (Fig. 2. In this experiment, the exciting 10 MHz pp g '

lithium niobate transducer was attached to one end of quartz(:haraICter in admittanc frequency de_pendepce is clearly
seen near 15MHz frequency (see insetFaf. 4). We

attributed the antiresonance frequerfgyto the thickness

buffer and to another end the thin Cul# plate was
glued. The temperature dependence of detected by such
transducer roughly represents the temperature dependence
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Fig. 1. The temperature dependencies of longitudinal ultrasonic velocity Fig. 3. The temperature dependence of longitudinal ultrasonic velocity (1)
measured along (1) and (2) perpendiculacdaxis in CulnBSg crystal at and attenuation coefficient (2) measured alofaxis in CuCrBSe; crystal
10 MHz frequency. at 10 MHz frequency.
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Fig. 4. The temperature dependence of electric signal detected by c-cut

CuCrRSs plate. In the inset: the frequency dependence of electric admit- ) o ) )
tance of c-cut CuCrSs plate at 130 K temperature. Fig. 5. The temperature dependencies of longitudinal ultrasonic velocity
measured along-axis in CulnBSe; crystal at 10 MHz frequency.

vibrations of the CuCrfSs plate. In this case the thickness ¢ it can be related to the different preparation conditions
of sample matches the half wavelength of angltud|_nal elastic ¢ CulnP:Se; crystals. The steep increase of velocity in low
wave: fy=V/2d. Subsequently the ultrasonic velocity along temperature phase (below 125K) is similar to that which
c-direction have been calculated at temperaflirel 30 K: was observed in DDSP, DMAAS and CubfR single

VL =4160+50m/s. This value we used for calibration cystals7-16\where the relaxation time of the order parameter
of ultrasonic velocity measured by pulse echo method \ 55 comparatively long. In this case, the temperature
(Fig. 3. The square of the electromechanical coupling gependence of ultrasonic velocity in the low temperature
coefficient was calculated for this vibration mode from the phase is determined by elastic constant, which has additional

equation: contribution proportional to square of order parameter’ee
xf, T fam for details). In order to confirm the existence of piezoef-
K2 = Z—frtg (2 af ') Q) fect, we measured the frequency dependence of modulus
Ja a

of electric admittanceY along c-axis of the crystalline
The K§3 value of 2% has been obtained for the longitudinal plate (thicknessi=0.16mm). At 210K temperature, the

mode of CUCIRSs crystal. The thin CuCriSs (0.14 mm) resonance and antir.esonance were obse_rved qt 12.34 and
plate quite efficiently worked as a piezoelectric transducer. 12.54 MHz'frequencu?s correspond.mgly (insetFog. 6).
The longitudinal ultrasonic wave was excited by LiNDO If we consider the thickness vibrations of the CuiBB
transducer on 10MHz frequency and was detected by
CuCrRSs plate atT=130K temperature. The temperature
dependence of detected by Cug®p transducer signal
was measuredr{g. 4) and it was shown, that this signal
drops down aff, = 145K and completely disappears in the 0,08 - 081 Cuinp,se,
paraelectric phase (abovig =190K). It should be noted i o8] e
that small signal is observed and in the intermediate phase. 0.06 304 M
This somewhat shows the polarisation of material, and we = o
can conclude that, the intermediate phase (1#5480K) = [ 02
can be quasi-antipolar. 004 00
Similar results were obtained from ultrasonic velocity 3 11000 72000~ 73600 14000
measurements, which were performed in layered Craf 0,02 1 kHz
crystals. The temperature dependencies of longitudinal
ultrasonic velocity have been measured alangxis at
10 MHz frequency and anomalies at two PT have been
observed Fig. 5. Due to the small thickness of sample L L L
. . : X X ; 200 210 220 230 240 250 260
(d=0.16 mm), it was impossible to obtain reliable ultrasonic
attenuation data. The temperature dependence of ultrasonic T.K
Ve|0C|ty shows that there are two mm'ma near _temperaturesFig. 6. The temperature dependence of electric signal detected by c-cut
T1=236K and T,=229K. There is some mismatch of cyinp,se; plate. In the inset: the frequency dependence of electric admit-
transition temperatures from previous measurements, tance of c-cut CulngSe; plate at 210 K temperature.
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T T T T T SnRSs layered compounds can effectively excite and detect

8r 7 ultrasonic waves.
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