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Phase front and domains during the paraelectric-ferroelectric transition in KD,PO,:
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Observations of the phase front and the domains during the paraelectric-ferroelecfROKihase have
been performed in very good thermal homogeneity condititimsrmal gradient equal t0>210 3 K mm™3).
Simultaneously, dielectric and loss constants have also been measured. The phase fronts exhibit a quasiplanar
shape perpendicular to tlidferroelectric axis. The ferroelectric region is quasimonodomain whendisien-
sion is lower than 10Qum. The dielectric constant is demonstrated as the sum of three contributions: a
monodomaine,,,n,, @ contribution of domains proportional toe .., with a coefficient depending on the
domain texture, and a contribution due to the existence of the phase front during the phase coexistence.
[S0163-182609)10829-4

I. INTRODUCTION A B C
O=dy+ E(T—TO)PZ—ZP‘H— gP6+-~ (2)
The KD,PO, (DKDP) crystal, the deuterated isomorph of

KH,PO, (KDP) undergoes a first-order transition between aWith A, B, and C positive constants in temperature. Three

tetragonal paraelectric and paraelastic pha—ﬁr()4which is  Characteristic temperatures, important for the first-order tran-
the high-temperature phase, and an orthorhombic ferroele ition, can be concluded from the above expressTQr,\.the_

tric and ferroelastic onengm2). The polarization which is owest temperature for Wh|ch2the nonpolar_ phase can exist as
considered as the order parameter belongs tdBtheepre- a metastable statd,” =T, +B/4AC, the highest tempera-

tati d the sh taio due to the bi lectri ture for which the zero field ferroelectric phase can exist
sentation as does the shear stigypdue to the piezoelectric metastably, andT.=T,+3B%/16AC, the temperature at

behavior of DKDP. Moreover the shear strain appearance iyhich hoth polar and nonpolar states correspond to the same
the plane perpendlcular to the ferroelegtrlc axist is POS- @ value. In the temperature range betwegnand T* the
sible to notice the values of normal lattice deformation W|thpo|ar and nonpolar phases can exist. THRAMAC is the
u,,=6.5x 10" greater tharu,, anduyy (about IX10%).  maximum magnitude of a possible thermal hysteresis of the
In the low-temperature phase the ferroelectric—ferroelasticbhase transition. Taking into consideration theB, and C
domain structure exists with permissible walis (100 and  values given in the literatut*3it can be concluded that the
(010 tetragonal planes. These domains are also mechanicalaximum range of the possible phase coexistence is of about
twins and the importance of the mechanical energy in thet® (much larger than for KKPQ,). However, B/4AC is
domain structure KDP type crystals has long been kn%wn.only the possible theoretical temperature range for the ther-
Similarly the linear dependence of the transition temperaturenal hysteresis. While the thermal hysteresis has been ob-
with the deuteration degree changing from 121 to 228 K isserved by different authors, it is interesting that when the
known and explainedt? temperature was changed very slowly with a good thermal
The DKDP transition has been studied by means of clashomogeneity for the crystal, this hysteresis could not be ob-
sical macroscopic electric measurements. The double hysteserved practically® The present paper will clarify this phe-
esis loops, characteristic for first-order transitions, were obnomenon.
served above the phase transition temperaturEhe The first information on phase coexistence in DKDP came
spontaneous polarization appears in leaps at the transitiofrom lattice deformations by neutron diffractomefr}? One
reaching a value of about 42102 C/n?.® A corresponding  of the author¥ suggests, with the intention of interpreting
jump of the shear angle,, has been found, 24Ref. 7) or  the measurements, that paraelectric and ferroelectric stripes
33 (Ref. 8, by neutron studies. The character of the phaseerpendicular to thec ferroelectric axis alternate in the
transition was also confirmed by calorimetric studie§. sample. The validity of this prediction was confirmed by
The existence of a thermal hysteresis at the transition need#rect optical observations along a tetragonal Hxisd by
to be clarified. As in other ferroic crystals the properties ofx-ray topography using a synchrotron radiatfré! As in
DKP family crystals are frequently described within the both cases, the results are projections in a given direction
frame of Landau-Devonshire theot§.? In this approach therefore it was not possible to make any conclusion on the
the thermodynamical potentiébr example the elastic Gibbs phase front shape. More recently the phase coexistence of
energy®) is written versus the polarizatidn DKDP has been systematically studied. Dielectric measure-
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ments and observations along the three tetragonal axes wezentration of 90%. The weak tapering angle of the cry&tal
simultaneously performed giving a good knowledge of thefew degrees of ajc the room temperature optical studies,
phase coexistence phenomena and of the phase froahd the dielectric properties lead to the conclusion of good
shape®®~2*The great importance of an external thermal gra-crystal quality. The sample was cut with a wire saw. The
dient G, has been demonstrated: fGr, between 10! and  orientations of sample faces were verified with x-ray Bragg
10 2Kmm™1, the phase front shape and orientation changaliffraction (accuracy of a minute of arand each face was
with G, orientation. WherG, is parallel to the ferroelectric ~ polished on a silk cloth with diamond paste. The sample
axis the phase front is quasiplanar and n@) plane®®  dimensions were a;=5.5mm, a,=4.4mm, and c
When G, is perpendicular to the axis the phase front ap- =7.4mm. Semitransparent gold electrodes were evaporated
pears as a factory roof the section of whichanp (or a,) on thec faces.
tetragonal plane has a zig-zag sh4p®.In all cases no part The cryostat employed with a helium-gas exchange cham-
of the phase front makes an angle greater than 25° with theer allows optical observations and measurements along
(001) plane except the particular case where the zig-zaghree perpendicular axes simultaneously with dielectric mea-
height equals the sample thickness. Then the energies of tiseirements. In the present case these three axes correspond to
zig-zag edges can decrease by relaxation in the sample bothe tetragonal axes of the crystal. It has been demonstrated in
daries and their number increagésVhen the angler value  a previous papé' that the sample boundary conditions have
betweenG, and thec axis changes between 0° and 90° of great importance for the temperature of the sample. It was
arc, the phase front orientation changes too with the appeanoted that the thermal conductivity of DKDP is about 20
ance of the zig-zag shape for a criticalvalue (60° of arc  times higher than that of the helium gas and similar to the
with G, equal 102K mm™?Y). A theoretical model explains thermal conductivity of window glass. Detailed experimental
these phenomena as a competition between the mechanicitidies showed the correlation between the thermal distribu-
and chemical energies, with a quasinegligible effect of thdion inside the sample, the thermal boundary conditions, and
electrostatic energy at zero applied electric fi@l@he inter-  the temperature rafé:*® The results presented here have
action between the phase front shape and the domain texturbeen obtained in the following conditions. The sample was
has been sometimes observed as in dagger processes withng in the helium gas chamber with the help of two thin
notableG, value$” but the problem remains open. For ex- copper wires which were also used for the electrical contacts.
ample, the observation of quasimonodomain states in smallhec ferroelectric axis corresponded to an horizontal optical
volumes of the ferroelectric phase inside the paraelectric onaxis and was perpendicular to the thermal grad@nt The
requires confirmatiof*2° thermal gradientG, in the helium gas chamber was con-

Measurements of the dielectric constasitand the loss ~trolled with an accuracy of 5 mK mnt with the help of two
constants! of the KDP family crystals have already been pPlatinum resistors placed just above and below the sample.
made versus different parameters: the amplitude and the frdhe temperaturel reported further on is that of the low
quency of the ac measuring fild;** an external dc bias platinum resistor which was measured with a precision of
field in thec direction®® the irradiation conditions withy ~ 2% 10" °K. The dielectric measurements and optical obser-
rays and neutrons, the thermal history, etc. Optical observa:ations of the phase front were done while cooling and heat-
tions of the domain texture performed simultaneously withing rates were lower than I6Kmin~*. Only one comple-
dielectric measurements allowed us to demonstrate the dé#entary experiment corresponding to Fig. 7 was performed
main contribution in the dielectric properties at low with other thermal conditions which are described in the text.
temperaturéS*4% as nearer the transition temperattié® The sample capacity and dissipation factor were measured
This effect is known even if the variation law of this dielec- Using an HP 4274 A impedance meter with a measuring field
tric constant contribution of the domains versus the tempergof 0.5 V.em ™ in amplitude and 4 kHz in frequency allowing
ture must be clarified near the transition. Earlier studies durts to calculates; and e with a relative accuracy of 3
ing the phase coexistence of DKDP carried out under ar<10 2 and 1X 102, respectively. As already described in a
external thermal gradient of about 0.2 K minconfirm this ~ previous papéf the observations along the anda, axes
contribution of the domains in the dielectric properttéd  allow us to rebuild the phase front shape while the observa-
and suggest also that the presence of the phase front in titien along thec axis gives information on the domain tex-
crystal leads to an increase of its electric permittivity value.ture. The diffraction of a laser beam propagating in the

In the present paper precise studies of the DKDP phasdirectior?’ has also been used to detect the presence of the
coexistence under a controlled thermal gradient of a valugomains.
close to zero are presented. Dielectric measurements were
performed simultaneously with optical observations of the
domain structure and the phase front. They allow for a better
understanding of the phase coexistence phenomena and aThe results obtained simmultaneously concerning the
detailed discussion of the dielectric properties within thisphase front shape, the domain texture, and the dielecfric
temperature region. and e, are presented for clarity successively. The correla-

tions between the different phenomena are obviously noted.

IIl. RESULTS

Il. EXPERIMENTAL PROCEDURES

The DKDP crystals were grown by slow cooling of a A. Phase front

supersaturated solution of KDP and heavy water. The ob- In the experimental conditions previously described as a
served transition at 218.6 K corresponds to a deuterion conrery small thermal grandier®, (equal to or lower than 5
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FIG. 2. Photographs during a PF transition of the phase fronts in
a sectiona, and of the domain texture in @section.

B. Domain structure

Existence and texture of the domains are others interest-
ing phenomena worth studying. At the beginning of the PF
phase transition only a few domain walls can be observed
(Fig. 2. It has already been noticed that domains were not
observable in the initial stage of the PF phase transffidn.

But those observations have been made on a crystal under an

FIG. 1. Evolution of the phase front during a DKDP phase tran-external thermal gradiei@, equal to 0.2 K mm?*. From the
sition in homogeneous thermal condition§;(0.002 K mn1?Y). present experiment with a very small thermal gradiét,
Schematic illustration of the phase coexistele& or FP cycles equal to 5< 10 3K mm™%, which corresponds roughly
and photographs of the phase front in a sectigr{FP cycle. equal to 2< 103K mm~Linside the crystazf? it can be con-

cluded that the ferroelectric phase occupies a considerable

volume of the sample whereas there are still only a few do-
x10 3 Kmm™?), the evolution of the phase front shape is mains. Rapid formation of the domain structure begins when
similar during a transition from the paraelectric to ferroelec-fronts meet in the sample center and the paraelectric phase
tric phase(PF) and for the ferroelectric to paraelectric phasestays only a dagger decreasing in height in ahedirection
(FP). When the transition begins the phase front appears dFigs. 2¢c)—2(e)]. At this moment, the creation of the domain
the same time in all the sample corners, which is schematiwall traversing the whole sample in tleedirection is pos-
cally presented in Fig. (&). That proves the good thermal sible. When phase fronts disappear there is a fairly dense
homogeneity of the sample. The corners are undoubtedlgiomain texture which is dominated by one of the two do-
privileged places in the sample. First, the heat exchange benain species. Such a domain structure seems to be quite
tween the sample and the surroundings is easier there. Sestable, but some arrangements happen in the temperature in-
ondly, in the sample corner a new phase is created with thierval of a few degrees below the transition temperature as
minimum area of the phase front. Appearing nuclei join innoted in KDP studie&®36
such a way that from eight small phase fronts, two approxi- The FP phase transition behaves in a similar way. The
mately flat fronts perpendicular to tleeaxis are createfFig.  paraelectric phase nuclei appear in the sample cofirégs
1(b)]. 1(a)]. Fronts moving towards the sample certes in Figs.

Those fronts move towards the sample cefiiégs. {c)  1(b)—1(d)] shorten the domain walls on both sides. As illus-

and Xd)] where they form a wedge which disappears quicklytrated in Fig. 3, the disappearance of the domains can be
[Fig. 1(e)]. Both fronts do not always move at the sameobserved when the phase fronts are at a distance of a few
speed. In the marginal cases only one front moves while theens of micrometers. This optical observation has been con-
other remains still. firmed also by studying the diffraction spectrum of a He-Ne

ay




PRB 60 PHASE FRONT AND DOMAINS DURING THE . .. 3809

0.0006

0.0004

0.0002

L l 1 ] 1 l I
0.0000
FIG. 3. Photographs during a FP transition of the phase fronts in 218 217 218 219 T(K) 220

a sectiona; and of the domain texture in @section.

FIG. 5. Temperature variation of the reciprocal dielectric con-
laser beam propagating along theaxis. This is clear evi- stants¢™* during a PF-FP thermal cycle.
dence that the domains cannot exist when the ferroelectric
region is too small. phase near the phase transition, the Curie-Weiss law is well
fulfilled with a constant 4256 30 K. When the phase front
appeargtemperaturerl; in Fig. 4(b)] the dielectric constant
e, increases rapidly reaching a value of the order d¢f The
fnaximum value ofe, depends on the dynamics of the do-
ain structure creation and changes for successive PF phase
ansitions. The phase front withdrawal from the sanjple
emperaturel, in Fig. 4(b)] is signalized by the decreasing

C. Dielectric properties

As demonstrated previously, due to the geometry of th
phase front, the temperature gradient inside the sample
very small. In these experimental conditions the reciproc
dielectric constant for the PF phase transition as a function
temperature is presented in Fig(a4 In the paraelectric
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of ¢, and a peak ot . In the ferroelectric phase the varia-
tion of the reciprocak versus the temperature is very regu-
lar except when the domain structure rearrangements occur.
A domain rearrangement brings about first of all a rapid in-
crease ot/ and then its slow decrease to a value lower than
the one at the rearrangement beginnisge Fig. 4a)]. Such
rearrangements always happen at a few degrees below the
transition temperature. This cannot be the case if the cooling
does not go too deeply into the ferroelectric phase as in the
example of Fig. 5. Then the temperature dependence, of
obtained during cooling and heating is similar. Howewgr,
values during the cooling process are always greater than
those during the heating one. Figure 5 gives an important
result: temperatures at which the phase transitions begin are
practically the same for PF cycl&{) and for FP cycle T5),

in relatively good agreement with Zeyen's restiltt is dif-

ficult to comment in detail on the dielectric properties during
the phase coexistence for the PF transitiBiy. 4). For the
arrangements of the domain structure which happen at the
same time the modification of the phase front shape compli-
cate the phenomena. The situation is simpler during the FP
transition. Then the domain structure rearrangements are not
observed during heating if the crystal remained in the ferro-
electric phase long enough. Figure 6 presents the variation of
e, ande, versus the temperature of a sample with a regular
homogeneous domain structui@ structure containing only
one domain wall orientationThe sample was left for 12 h at

a temperature of 200 K. During heating, changes monoto-
nously in the ferroelectric phase to a temperaturé.oivhen

the phase front appeaimarked(a) in Figs. 6 and 1. From

FIG. 4. Temperature variation during a PF transition of the re-that moment the sudden increaseegfand s, is observed.
ciprocal dielectric constant, * and of the loss constaat! .

The dielectric and loss constants reach their maximum val-
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FIG. 6. Temperature variation ef, ande; during a FP transi-
tion.

FIG. 7. The continuous linéc) corresponds to the temperature
ues when both fronts come off the crystal surfagearked  f e platinum resistor below the sample. Curga@sand (b) give

(b) in Figs. 6 and 1 and the loss constant; decreases the temperature of the sample upper face during FP and PF transi-
sharply just after that. A shifting of the phase fronts towardsions, respectively.
the sample center occurs, betwdéhand(c) in Fig. 6[(b)
and(d) in Fig. 1]. That denotes that the length of the domainparallef® or perpendicul&f to thec-ferroelectric axis. In the
walls in thec direction decreases, and as a consequence th&ise presented the quality of the temperature homogeneity
whole area of the domain wall decreases too. Betw@gn and the results allow the three following assumptions.
and(d) in Fig. 6 in the narrow ferroelectric region a disap-  The thermal gradient in the crystal can be neglected. The
pearance of the domains takes place as shown in Fig. 3. Ahain task of this paper was an observation of the phase tran-
(d) the phase front disappears which indicates the end of thsition (phase front and domain structure creatias well as
phase transition. After the withdrawal of the phase frontthe measurement of the dielectric permittivity in the condi-
there is a rapid decrease of thg value and then it changes tions near the thermal equilibrium of the crystal. The tem-
according to the Curie-Weiss law. perature gradienG, in the helium gas exchange chamber
To help the discussion of the results an additional experiwas controlled and regulated. Its value did not exceed 0.005
ment has been carried out. The sample was put on a glaggmm. Taking into consideration the earlier discussion refer-
window near the platinum resistor. Furthermore the welds ofing to the temperature distribution in the DKDP sanmiple
a cupper-constantan thermocouple were glued with a silvesne can assume that the thermal gradient in the central part
paste on this platinum resistor and on the upper face of thef the sample was not larger than 0.002 K/mm. While chang-
sample. Then it was possible to measure the temperatuifg the sample temperature with a rate of 10 mK/min it was
evolution of the platinum resistgcurve (c)] and that of the observed that the phase front position was a temperature
crystal[curves(b) and(a) for PF and FP transitions, respec- function rather than a time one. The phase front movement
tively, as shown in Fig. J/ Even in the present case with a ceased when the temperature was stabilized in the phase co-
relatively high temperature ratea few 10 2Kmm™?), it  existence region. One can suppose that in the described con-
clearly appears that the crystal temperature stays approxiitions of the experiment a sample efficaciously changed
mately constant during the phase coexistence. It is necessahgat with the surrounding gas and at every moment was in
to change the external temperature to bring thermal energihe state close to the thermal equilibrium.
variation for the phase transformation. As during this time The phase transition begins at temperatligeat which
the temperature of the sample remains quasistable, a shagpth phases are absolutely stable. This assumption has ex-
change is observed when the phase front appears or disgperimental confirmations. As earlier studies of DKDP crys-
pears[Fig. 1(a) and Xe) or (a) and(d) of Fig. 6]. Then itis  tals have already proved, the phase transition can undergo
easier to understand why during a FP transitionghealue  without thermal hysteresis>3® Some of our observations
changes abruptly just after the phase front withdrdlwvelow  also confirm such a character of the phase transition. First,
(d) in curve g(T) in Fig. 6]: the &, jump is in agreement there is a slight difference between temperatures at which the
with the variation obtained by extrapolation of the paraelectransition begins, regardless of the phase transition direction.
tric curve until the temperature of the phase front appearancgecondly, a difference betweeR, (determined from the
[temperatur€l, of situation(a)]. Curie-Weiss lawand T, at which the phase transition starts
remains constant. The difference can be considered as a hys-
teresis measure. If there is no thermal hysteresis of transition,
then T, denotes the phase equilibrium temperature hence
First let us explain the dielectric constant values alreadyAT=T,— To=3B%/16AC. In all our experiments, regardless
studied in DKDP crystals under notable thermal gradienof the transition direction, the temperature difference was

IV. DISCUSSION
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approximately stable and was equal tAT=(0.954 az(L—'

+0.007) K. This means that if there is a thermal hysteresis a—x

of the phase transition, it is not higher than 0.01 K. —
During phase coexistence the crystal remains at tempera-

ture T.. It has been known from previous literature that the

phase transition in DKDP crystal is an isothermal éhén

Zeyen's experiment during the phase coexistence, the crystal

temperature was constant at the same I&yelupon cooling FIG. 8. Schematic illustration of phase fronts and domains in

and heating, confirming the absence of thermal hysteresiparaelectriqP) and ferroelectric phasé) and during phase coex-

One can assume that the phase transitidoth PF and FP  istence(PF or FP transitions

begin atT; and the crystal remains at that temperature until

the end of the transition, despite the changes of external temiks from the present measurements one has obtaified (

perature as illustrated in Fig. 7. After the transition, the crys—T,) = (0.954+ 0.007) K, thus  ©=(1.353+0.015)

tal reaches isotherm of the surroundings. X 10°V m/C. This ® value corresponds precisely to values
The electric permittivity of a single domain crystal in an with B=4.5x101°Vm®%C® and C=1.5x10"V m%C®

isothermal state can be calculated based on the Landamnown from previous studie$:*®

theory. Comparing calculated and measured values, ofe Geometry of phase distribution during the phase coexist-

can obtain some information about domain structure anence is illustrated in Fig. 8. Taking as first approximation a

phase front effect on the dielectric properties of the cryStal. model of plate capacitors, the electric permittivity of the

In the paraelectric phase the reciprocal electric permittivity issample can be written as follows:

a linear function of temperaturg¢he Curie-Weiss layv

P F PF FP

1 VeIV VplV
S _ VeV Ve

) @ ©ofFFe
ep whereVg, Vp denote volumes of ferroelectric and paraelec-
For the studied crystah(=2.66=0.01)x 10’ Vm/CK has tric phases and is the total volume of the samplej and
been found. ep stand for permittivity of the ferroelectric and paraelectric
In the ferroelectric phase the electric permittivity changesphase afl ., respectively,
with temperature according to the following equation:

; ()

1 1 3 B2

1 B2 B == 1 S AAT = To),
(T)= = 4A(T—To)+ = VB?—4AC(T—To) er er(To) 4 C i
er C C
1 1 3 B?
1/ZB —_— == — —=A(T-—Th). 8
=4A(T* =T+ = (T -T)*2 3) ep ep(Te) 16C (Te=To) ®

t the constant rate of cooling or heating, volumés and

» change, more or less linearly with external temperattire.
HenceT, denotes the border of phase coexistence from the
paraelectric phase, arid, from the ferroelectric side thus

Usually to trace that dependence we must know the values
B and C coefficients apart from value& and T,. Strictly
speaking, we nee® =B?/C value because Ed3) can be
written as follows:

Ve (Ti=T)  Vp (T-Ty)

1 ) ; e I T ©)
7(M=6 —AA(T—To)+VO?—4AO(T—Ty), (4) V (T;-Ty) ' V. (T;—Ty)
F
) N and
the ® parameter can be found knowing phase transition tem-
peratureT. and temperaturg, as 1 (T1—=T)(Uef)+(T—To)(Ls}p)
— (M= . (10
82 16 € (Tl_ TZ)
=¢c =3 AT To) ® parameters needed for the calculations are obtained from

hi hat the electri ittivity for the f lectri the present measuremenss:and T, from temperature de-

T e eclecicondnce o n e paraleic phase s emper
. r which the ph ransition i T, for PF an

coefficientA, value and temperaturds. and T, are known. e at which the phase transition begifs { T, fo and

; L T.=T, for FP transitions
The dependence is the following: In Fig. 9a) the experiment results are compared with the

1 values obtained from the above equatior$,d,). At tem-
8—,(T)= gA(TC—To)—4A(T—T0) peratureT,, bothe’ (measurefiande o, change abruptly.
F It can be explained by a rapid change of the crystal tempera-
\/ 16
+

Z 64 ture fromT,=T, to T4 which is the actual temperature in the

EA(TC—TO)} - §A2(TC—TO)(T—TO). chamber. It seems to prove the hypothesis about the isother-
mal character of the phase transition. Figu(b) 9epresents

(6) the difference §' —&,,n9 Which can be treated as a contri-
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FIG. 9. (8 Temperature variation of the measuredand the FIG. 10. (8) Comparison between the(T) curve and the cal-
calculated monodomain valug,,, (continuous ling during a FP culated curves/,,,q+ & versusT. (b) Calculated contribution in the
transition. (b) Temperature variation of the differenegé — &/ ,no- dielectric constant of the phase front existence vefsdsring a FP

T, andT, are the temperatures where the phase fronts appear anfhnsition.
disappear, respectively.

with temperature in Fig. ®) does not result from change in
bution of the domain structure and the phase front existencgomain structure geometry. The ratio between the measured
to the electric permittivity. Figure 10 shows how the electricgé and e/, calculated according to the Landau theory is
permittivity should change if in the phase coexistence r.egiorbresented in Fig. 11. It is natural that the ratio in the
e¢ were the same as measured at temperaltyreThe solid  paraelectric phase equals 1. This simply means that the
line in Fig. 10a) represents permittivity taking into account Cyrie-Weiss law is fulfilled. However, unexpectedly, for the
the contribution of the domain structure .-+ e4). Figure  Fp cycle in the ferroelectric phase, the ratio is practically
10(b) reflects the difference’ — (e/,0n0+ ¢), Showing dis-  constant having the value 3.8. One can expect that the value
tinctly that permittivity in the phase coexistence region isof ¢//e/ ., depends on domain structure geometry, which is
higher than could be expected. confirmed by the results presented in Fig. 12. In this case of

At this stage it is difficult to form unique interpretation. the PF cycle, the results of Fig. 4 are used. Agdite | 0iS
However comments are possible. First let us discussthe

values in the ferroelectric phase. It is generally accepted that /e 208

in a case of a single domain state, the dielectric constant 5 —

is well described by E(.3). Furthermore, it has already been

suggested to add an additional teggwhich is the domain 4F s 1
structure contributiori® This term depends on the density of i ]
the domain wall§333¢*%and clearly on temperature as illus- s PP ]
trated in Fig. 9. It has been well known for a long time that - ]
the domain contributior is always greater during a cool- 2 [ ]
ing cycle than during a heating ofi&3 the density of the . ]
domain walls is greater in the cooling cycle. In addition, this 1L ]
property has been used to obtain regular domain textures at a :

given temperature with different domain wall density using ol o - L

different temperature cycléé. But if this result is well 215 216 217 218 219

known, what is the dependence betwegnand the density
of domain walls? Because during the FP cycle the domain FIG. 11. Temperature variation of the rati§Vs/.,,,during a FP
structure has not undergone visible changep,variation  transition.

T(K)220
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e’c/s‘mono transition. It was already clearly demonstrated in the KDP
80 [ family crystals that at low temperatures below freeziafy,
o5 | ] and the corresponding losse§ were proportional to the

{ total domain wall area. That proved that there is no lateral
20 [ . interaction of the domain walls at this temperature ratige.
[ ] The domain freezing corresponds to a region where the do-

main tips begin to move longitudinalfy.For the above tem-

10 q I ] perature the natural domain texture is not often the equilib-
F ] rium one. The reason is that during the cooling, the thermal
5L ] energy variation is not sufficient to create domain rearrange-

ment. Then, small thermal or electric hysteresis cycles allow
the simplification of the domain texture with the decrease of

oL v v b T
212 213 214 215 216 217 218 219 220

T(K) e, ande; values. Domains are in strong lateral interactions
and as consequence great permittivity values at zero field as
e/e ; ;
gp G omomo show by the thermal noise method. Collective phenomena
" bE ' ' between domains have been experimentally demonstfated
o5 L ] such as the nonlinear response in diele¢tramd piezoelec-
] tric responses. The present results concern a temperature
20 [ ] range near the transition where domain rearrangements are
easier. The study should be continued to obtain the correla-
15 7 tion between the domain textufdensity, arrangemenand
b ﬂ 3 the e/ ande; constants.
The Fig. 10 result is obtained with hypothesis@avalue
5L ] during the phase coexistence equaletdT.) given by the
relation (8). Our experimental results are in agreement with
oL ... T the hypothesis of a quasiconstant temperalyra the crys-
205 210 215 220 T(K) 225 tal during the transition obviously when the temperature rate

is small(lower than 102K min~1). But it is open to discus-
sion that thes | contribution should be the same for a given
sample volume at the temperatdrgin both situationd- and
é:P of Fig. 8: inF the limits of the domains in a sectidn)
e the sample electrodes andFiR these limits are the phase
([J‘%nts. It can be suggested that the pinning of the quasidis-
near 210 K, an abrupt increase f occurs but with time it Iocatlons inside the_ wall is not the_ same with p053|_ble differ-
T . ences in the domain density and in the lateral motions of the
decreases ane/emon, réaches a new quasiconstant valueqyomain walls under an ac electric field. Furthermore phase
lower that the value of the beginning. The rearrangements G, nts can be regions with space charges electric response of
the domain texture always correspond to a decrease of thgyich js difficult to predict. To progress on these problems,
domain wall density. It is now possible to describe thegynariments are actually performed to detect the possible in-
known decrease of; versus temperature with the following teraction between domains and phase fronts, and between the
expression. phase fronts themselves. The action of a small dc electric
field on the phase front by different optical methods is also
studied in these good thermal conditions. One can see that
the phase front at the microscopic level is an open problem.

FIG. 12. Temperature variations of the ratify e, during a
PF transition.

practically constant in the region of a few degrees below th

phase transition where great domain structure arrangeme
are not observed. When a notable rearrangement happens

r_ ’
8c_Axgmono

€c= Emonot €4 (12) But the result demonstrated in the present paper is clear: the
with existence of the phase front inside the sample creates a spe-
cial contribution in the permittivity value which can be
eg=(A—1)€&/ 00 (120  added to the monodomain contributioas(or ;) and the

- . . . extrapolated domain contributiar, for ferroelectric regions.
where the coefficienA grows with the domain wall density. b or g

Further experiments will be necessary to obtain the de-
pendence between the ratiefy e ., and the density of do-
mains. For example, dielectric measurements may be simul-
taneously performed with diffraction of a laser beam to Optical observations of phase fronts and domains during
attempt the mean domain width®"“>** Small electrical the DKDP phase coexistence with a high homogeneity in the
hysteresis cycles at a given temperature will be useful tgample temperature have been performed. They demonstrate
ensure that the observed domain texture is the equilibriunthat usually the transition happens with the help of the cre-
one3® In the same way thermal cycles may be used to obtairtion and motion of two quasiplanar phase fronts only almost
similar results** To conclude, quantitative information is ob- perpendicular to the-ferroelectric axis. The ferroelectric re-
tained on the domain structure contributiondf near the gion remains quasimonodomain if the distance between a

V. CONCLUSION
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phase front and the sample boundary or between the phasemains e, as observed in the ferroelectric phase at lower

fronts themselves is lower than a few tens of micrometers. Itemperatures, and the contribution due to the phase front

the other cases, domains appear in the ferroelectric regiogxistence during the phase coexistence. #heontribution

often with walls parallel to one of both permissible orienta-
tions (100 or 010. The dielectric constant, can be consid-

follows in the temperature range of a few degrees belgw
a simple law of variation versus the temperatue= (A

ered as the sum of three contributions: the contribution of a-1)e with A function of the domain texture\ decreases

monodomain samples¢ or ), the contribution of the do-

with decreasing density of domains.
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