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Domain-wall interaction in improper ferroelectric lock-in phases
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The polarization field relationship in the improper ferroelectric lock-in phase of purifigdri@, crystals
is analyzed under quasistatic conditions. Domain walls are shown to interact in the same way as an ensemble
of phase solitons. This justifies the application of soliton theory to derive information about thenratio
=w/x, between wall thickness and wall distance. Abdve=140 K, n is found to increase with temperature
and thermal hysteresis between cooling and heating data is observed. Appagginityeases via annihilation
of antistripples on cooling until an equilibrium distangg(T) is achieved, whereas it remains constant on
heating. In additionw(T) seems to be an unambiguous increasing function of temperature. However, a
completely different behavior is observed beldWwwheren is constant, indicating a freeze in of both and
w. We suggest that this may indicate a transformation from rough domain walls @bdeelat walls at low
temperatured.S0163-18208)04317-3

I. INTRODUCTION hand, experiments in rectangular pulses indicate that the po-
larization reversal in these crystals takes place by sideways
Improper ferroelectric lock-in phases of @mCl, type  shifts of domain wall$? Thus ferroelectric domain walls in
A,BX, crystals have attracted much interest due to their peimproper lock-in phases seem to respond in the same way to
culiar domain structure that follows from a regular lattice of an electric field as phase solitons in the IC phase, i.e., pairs
phase solitons observed in the incommensu(i@¢ phase of domains(solitong are created with an equilibrium dis-
slightly above the temperatuf® , where the incommensu- tance given by the repulsive domain-wédblitor) interac-
rate modulation vector locks into a commensurate value anggp.
the phase transition into the commensurdy phase takes  The polarization reversal in improper ferroelectric lock-in
place:™ Close aboveT, , quasicommensurate regions phases seems to proceed in the simplest way possible in a
(quasidomainswith almost constant phaggof the complex  torrgelectric system. Close beldly , dynamicP(E) hyster-
order parametérre separated by the phase solitons in which,gig loops of purified RENCI, were described in a wide

the phase changes rapidly by=7/3. In this way, a unique range of measuring frequencies treating sideways shifts of a

periodic sequence of six domain states characterized by di%’eld—independent number of plane 180° walls to be the only

crete phase valueg=0, /3, 27/3, m, 4m/3, and Sr/3 is repolarization mechanisht.However, the correct treatment
created. Due to order-parameter coupling with polarization

P,, adjacent quasidomains have opposite sigPgf of the domain-wall interaction that provides the restoring
0 . o ;
The phase solitons are energetically unfavorable inGhe force on a wall displaced due to the electric field remains an

- . . ; unsolved problem.
phase and annihilate & in a unique stripple process. o .
However, the monodomain ground state of @phase is not It was concluded from permittivity datathat the domain-

obtained, but some solitons unable to create antistripple&@ll interaction changes in BRBNCl, from an exponential to
freeze in atT, forming ferroelectric 180° domain wall€ ~ @n oscillatory behavior on cooling beloWw =160 K. In a
Therefore, the domain structure of tBephase is built up by real crystal, however, dlele'ctrlc domain-wall contr|put|ons in
plane walls oriented exclusively in the same direction as thdveak fields are not exclusively caused by the motion of the
solitons of the IC phase, i.e., with normal vectors parallel tovall as a whole, but other mechanisms related to the re-
the crystallographia axis. Moreover, the reduction of soli- SPonse of defect pinned walls may also contribute to the
ton density by antistripple annihilation beloW{ preserves Permittivity.” Therefore, the permittivity measured for a
the sequence of six domain states in the lock-in phase. ~ 9iven bias fieldE, is not necessar[ly the same as the slope
Theoretical considerations predict that this sequence is reditt= dP/JE|e—_g, of the P(E) equilibrium curve given by
tained even in external electric fields usually used in repolarthe domain-wall interaction potential. On the other hand,
ization experiments.Apparently, the nucleation or coales- Rb,ZnCl,-type improper ferroelectrics are known for the pe-
cence of domain walls, as it is observed in properculiar “swan neck” shape of quasistatic hysteresis loops that
ferroelectrics in the initial and final stages of polarizationwere recorded close beloW .***3!Due to the unique re-
reversal, respectively, does not occur in improper ferroelecpolarization mechanism, the domain walls are in a quasistatic
tric lock-in phases because this would require the rather urexperiment apparently always close to its equilibrium posi-
like formation or annihilation, respectively, of stripples con- tion given by the domain-wall interaction potential.
taining five domain states in the correct order. On the other In this paper the polarization reversal of purified

0163-1829/98/5(.7)/104249)/$15.00 57 10424 © 1998 The American Physical Society



57 DOMAIN-WALL INTERACTION IN IMPROPER . .. 10 425

Rb,ZnCl, crystals is investigated under quasistatic condi-
tions. From the experimental data, the domain-wall interac- 0.10 |
tion potential is derived and conclusions about the tempera-
ture dependence of the domain-wall density in the lock-in
phase are drawn. The paper is organized as follows. First, the 0.05 -
polarization reversal at temperatures slightly bel® is
analyzed. It is shown that a master culR€E) can be de-
rived from the quasistatic hysteresis loop, which obeys the
same law as predicted by the phenomenological Landau
theory for the soliton interaction in the IC phase. The field
range is estimated in which the assumption of well-separated
interacting domain walls is justified. In the second part, the
influence of temperature on the quasistatic hysteresis loop is 010k
included. Hysteresis loops recorded in a wide temperature
range 110 KKT<T_ of the lock-in phase are analyzed in 1.0 05 00 05 10
order to get information about changes of the domain struc- E

. (kV/cm)
ture due to temperature variation. The temperature depen-
dence of model parameters is discussed with special empha- FIG. 1. Ferroelectric hysteresis loops measured inGhghase
sis on the thermal hysteresis during temperature cyclingt T=T, —6 K. The curves reflect the typical shape of hysteresis
within the lock-in phase. It is shown that two temperatureloops recorded in the quasistatid 0.1 Hz) and dynamic f(
rangesT>T* and T<T*, respectively, should be distin- =1kHz) regimes, respectively.
guished in the lock-in phase of RAnCl,. In the first range,
the coercivity of quasistatic hysteresis loops is small and the ll. RESULTS AND DISCUSSION
temperature-dependent domain-wall density reveals a ther-

mal hysteresis between the cooling and heating runs. On _
First we present data obtained at a constant temperature

cooling below T*, the coercive field starts to increase _ ' < ) X
steeply and the domain-wall density freezes in. Apparently] — 188 K=T,—6 K. Ferroelectric hysteresis loops recorded

the domain-wall—defect interaction changesTat, which close belowT, at sufficiently low frequencies are character-

may be connected with a transition between walls roughene g?,,by an ((ejxtremely smtall cloe_ch/_e fleﬂi%[ in the g_rderggf
by thermal fluctuations abov€* and essentially flat walls c¢m and a remanent polarizatigh not exceeding 30—

o 50% of the saturation valugFig. 1). The coercive fieldE,
unable to create further antistripples beldw. shows a distinct frequency depender@g. 2. With in-

creasing measuring frequendy, is first nearly frequency

independent but starts to increase if a characteristic fre-
II. EXPERIMENT quencyf. is exceeded. Simultaneously, the swan neck shape
&f the loops is gradually lost and loops recordedf atf .

0.00 |

P (uC/cm2)

-0.05

A. Domain-wall interaction at T=T —6 K

The experiments were carried out on the same purifie
Rb,ZnCl, crystal as was wused in our previous
papers:81911.202iThe crystal is characterized by an anoma-
lously small thermal hysteresisT, =~0.2 K between heating
and cooling curveg(T) and a very high maximum permit-
tivity emax>1000 that was measured at a temperafiyfg,
close below the lock-in transition temperature. Samples pre-
pared from this crystal were thin plates with typical dimen-
sions 3x3x 0.5 mn?. Gold electrodes were evaporated onto
the major faces.

The samples were mounted in a liquig-Nryostat and
brought toT_ =194 K with a cooling rate of 2 K/min. Within © [ c
the lock-in phase, the temperature was changed with a small [
cooling/heating rate of 0.05 K/min. During this time, quasi-
static hysteresis curves were recorded continuously. Since
the frequencyf,, of the triangular measuring field was in the 0.01 | . ) ) . ) . 7]
range 0.005 Hz f ,<<10 Hz, the temperature stability dur- 100 102 104
ing one cycle wa\T=<0.1 K.

The polarization field relationship &t,=0.1 Hz was in- f (Hz)
vestigated by means of a modified Sawyer-Tower cirtlit.

At low frequenciesf,,<0.1 Hz, the sample current was in-  FIG. 2. Coercive fieldE, of hysteresis loops recorded at
tegrated using a homemade choppered integration amplifie T, —6 K, dependent on the frequentyf the sinusoidal measur-
The analogous integrator output was fed to a digital voltmeing field. The frequency, denotes the upper frequency limit of the
ter, which was read out by a personal computer. quasistatic regime.

0.1 o ]

(kV/cm)

E
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T T T biguousP(E) dependencéFig. 3b)]. It may be expected
-1.0 -0.5 0.0 0.5 1.0 that the master curve reflects tR{E) dependence of the
E', E" (kV/cm) ideal defect-free multidomain crystal and that the small hys-

teresis of the quasistatic hysteresis loop characterized by the
quasistatic coercive fielE3® is caused by the domain-wall—
defect interaction. In order to verify this hypothesis, we tried
to describe the master curve with the model developed
previously'! Assuming the polarization reversal in ZnCl,

to proceed exclusively by sideways shifts of a field-
independent number of domain walls, we describe the behav-
ior of a regular structure of planar 180° domain walls with an
equilibrium domain-wall distance,. In an external electric
field, domain walls are displaced by a distatcefrom their
zero-field equilibrium position. The widtlk, of domains
with a polarization parallel t& increases and the width_

of oppositely oriented walls shrink§ig. 4). Consequently,
the period of the domain structurg +x_=2x, is doubled

and the total polarization is

0.10

0.05

0.00

P (uC/cm?)

-0.05

-0.10

-1.0 -05 0.0 05 1.0 b_op g .
E', E" (kV/cm) 0%, 32

FIG. 3. (a) Master curve obtained from the quasistatic hyStereSi%herePo is the spontaneous polarization
loop by the transformation given in E8.1). (b) The same trans- In equilibrium, i.e., for zero wall velocity, the wall dis-

formation applied to a dynamic hysteresis loop does not amount t%lacementAx:(x —x_)/4 from its zero-field position is
an unambiguou®(E) relationship. 0 P

given by
have a more regular shagsee the dotted curve in Fig).1
Apparently, f, separates the range of high frequencies, dGpw B
where the coercivitﬁgy”(f,T) is given mainly by the dy- IAX =0, 3.3

namics of the wall, from the quasistatic frequency range, Axed

where the domain walls seem to be very close to its equilib- . .

. e ; N hereGpw(AX) is the potential energy of the wall. In what

rium position and the probably defect induced coercive fiel . 4 : .
ollows we will assume that the domain-wall interaction po-

as(Ty i
Ec(T) is small. tential Gyyw(AX) provides the major contribution to the po-

For a further analysis of the quasistatic hysteresis loo : -
shown in Fig. 1, the two branches of the loop recorded fo?enhal energy of the wall and all other contributions to

. X Gpw(AX) can be neglected. In other words, the restoring
dE/dt>0 anddE/dt<0, respectively, were shifed parallel force Fpyy, acting on a wall displaced by the external field is

to theE axis according fo the transformations treated in our model exclusively by the repulsive domain-

E'—=E—E% E’'=E+E% (3.1) wall interaction. However, no theory is available up to now
¢’ ©’ for the domain-wall interaction in the ferroelectric phase. On

respectively. From the experimental data, a fiedid® the other hand, the soliton interaction in the IC phase can be

=12 V/cm can be derived for which the resulting curvesdescribed in the framework of the phenomenological Landau

coincide with each other creating a “master curvB(E),  theory*??

i.e., an unambiguous, antisymmetric function of the electric In the soliton region close abovlg , the free-energy den-

field [Fig. 3(a)]. Note that the same transformation carriedsity of the crystal can be expressed in terms of soliton

out on a dynamic hysteresis loop does not lead to an unancoordinate$>°
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= [—ab(T—T,)+4b(e” *+M+e™ *- W) 015
X4+ X_ L
+1/2PoE(X_ —X,)]. (3.9 0.10F i
Herew denotes the soliton thickness aadandb are con- . 0.05} J
stant coefficients. This thermodynamic potential yields an
interaction force per unit area %
) 0.00
o 8b W 2AX 3 =
pw= ", € sinh — (3.5 o o5l |
between the phase solitons of the incommensurate phase.
Since the ferroelectric domain structure follows Bt -0.10}F -
from the soliton lattice of the IC phase, it may be supposed !
that the domain-wall interaction force in the ferroelectric 0145w o+ !, L
phase obeys the same law as given in(Bd) for the soliton R 0 -05 0.0 05 1.0
interaction in the IC phase. In this way, the dynamic hyster- ’ ’ ' ’
esis loops of REZnCl, close belowT, was described fairly E (kV/cm)

well.}* In the quasistatic frequency range, the wall velocity is
very small and friction forces can be neglected, which leads FIG. 5. Master curve derived from experimental d4fall

to the nonlinear polarization-field relationship circles and fit according to Eq3.6) (full line). The conditionx _
<w is fulfilled within the field rangeE|<E;, indicated by dashed
P=a, arcsintfa,E). (3.6 lines.

The two coefficients, ,a, given by _ _ .
phase solitons in the IC phase. Consequently, the fitting pa-

a;=Pow/x, (3.7 rametera, anda, contain physically meaningful information
about the model parametdpg, b, Xy, andw characterizing
the thermodynamic equilibrium state of the lock-in phase
and its ferroelectric domain structure, respectively.

and

POW eXo Iw

2278

, 3.9 B. Temperature dependence of the domain-wall

interaction potential

respectively, were used as free parameters to fit the master . L .
curve. The analysis of quasistatic hysteresis loops recorded at

Equation(3.5 describes the interaction of weII—:separatedSeveral temperatures provides info_rmation abo_ut the tem-
phase solitons. In large fields, however, solitons will beP€rature dependence of the domain wall densityw/x,

brought together very closely and start to merge with eacﬁ‘”d may help develop more understanding about the peculiar

other. Therefore, it should be expected that the theory fails épermal hysteresis pe_tv\_/een cooI_ir_mg and heating daga ob-
a limiting field served for the permittivity of purified REnCl, crystals®

However, even in purified REnCl,, swan neck shape hys-
4b teresis loops that allow the construction of a master curve
Eim=5 (e~ t—el™ 2ol (3.9  can be observed only in a limited temperature range below
0 the ICC transition temperatur€:?° This can be attributed to
for which the soliton coordinate_ becomes equal to the the temperature-dependent viscosity coeffici@mtescribing
soliton widthw. In fact, the master curve can be fitted ex- the friction force acting on a moving waff.With decreasing
cellently according to Eq(3.6) (Fig. 5 at low fields E  temperatures increase® and the low-frequency limif;,
<300 V/cm, whereas the extrapolation of the fits to largerof the range of dynamic hysteresis loops decreases. In a qua-
fields deviates strongly from the experimental data. Estimatsistatic experiment carried out at a certain measuring fre-
ing Py in Eg. (3.5 by the polarization valueP quencyf,,, the swan neck shape of the hysteresis loops is
=0.125uClcn? measured aE=3 kV/cm, we obtain from therefore gradually lost if the crystal is cooled below a tem-
fits of experimental data obtained B 300 V/cm the field perature Ty, with f(Tim)="Ffy. Within the frequency
E;im=0.34 kV/cm as the upper field limit for which the mas- rangef,>5x10"3 Hz chosen in the present study, quasi-
ter curve should be expected to obey E316). Clearly, this  static hysteresis loops could be recorded for temperatures
value is in good agreement with the field above which thel75 K<T<T_. All master curves obtained within this tem-
experimental data deviate from the extrapolated(fig. 5). perature range were found to obey E@.6) in fields
In other words, the model provides, in addition to the de-E<E, .
scription of the master curv®(E) at low fields, also the The remanent polarization and coercive field, respec-
correct value of the limiting field above which effects of tively, of dynamic hysteresis curves show in the whole
soliton fusion become important. Apparently, £§.6) de- lock-in phase the same frequency dependence and can be
scribes not just accidentally a certain part of the masterescribed by the same model of polarization reversal irre-
curve, but domain walls in the improper ferroelectric lock-in spective of the temperature range>175 K or T<175 K
phase can be treated by soliton theory in the same way aonsidered® Apparently, the unique repolarization mecha-
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FIG. 6. P(E) data taken alf=T_ —6 K from the quasistatic FIG. 7. Field dependence of the differens& between the two

hysteresis loop f(=0.1 Hz) and two different dynamic hysteresis branches of a dynamic hysteresis loop. In the high-field limit cor-
loops (f=10 and 100 Hz, respectivelyFor E>E*, the loop re-  responding to the saturation range of the lodF/2 corresponds to
corded atf =10 Hz coincides with the quasistatic loop. the coercive fieldEJ® of the quasistatic hysteresis loop.

nism effective immediately below, does not change on hape of the potential at low temperatures, the domain-wall
cooling below 175 K. Since frequencies necessary to obtaify (2P C P . perat !
Interaction becomes important only if adjacent walls are

gggiilsr:“i(r:} Zisp;tgrriﬁtl—:-sn::,orv)\?e a; r?&;grgpgigggjr:rteo n(;);t;‘?r;]lose t_ogether e_md the domain-wall—defect interaction domi-
information about the master curve from hysteresis Ioopgates in weak fields. . . s
measured in the dynamic regime at frequencies slightly Slightly belOW.TL’ the quasistatic coercive f'ec (M
abovef .. In Fig. 6 only that part of dynamic hysteresis loops erends only sllghtl_y on temperature, whereas it starts to
measured close beloWy_ is shown, which was recorded for 'N¢'€as€ s_teeply with decreasing te-mpe-rat%rfr}] below
0<E<E,;;, anddE/dt<0. Clearly, for a given measuring %16_0 K (Fig. 1(_))' Note that the coercive fielét; c_)f dy-
frequencyf,,, a field E*(f,)) can be found defining the namic hysteresu; loops shqws thermal hystere3|s between
lower limit of the field rangeE* (f,) <E<E, . in which cooling qnd heating Qafé,wh|ch can be attnbutgd to a cor-
dynamic loops obtained at different frequencies coincidJeSpond'n,g hyste're5|s of_the doma!n-wall density influencing
with each other and with the quasistatic loop. Within thisth® domain-wall mteract;on potential. However, no thermal
field range, domain walls are apparently very close to itdySteresis is found foEZ*(T), indicating that coercivity of
equilibrium positions given by the domain-wall interaction quasistatic loops is exclusively caused by the domain-wall
potential, i.e., this part of the dynamic hysteresis loop can b&efect interaction, which apparently increases strongly with
used to construct the master curve. Analyzing the differenc€€creasing temperature belaw .
AE=E,—E_ between the two branches of the loop, i.e.,

between electric field&, and E_, which amount to the e
same polarization value fatE/dt>0 anddE/dt<0, respec- [
tively, the saturation value dAE(E) in high fields(Fig. 7)

was assumed to be twice the coercive fiEftf of the quasi-
static hysteresis loop. In this way, the temperature range in
which information about the quasistaf§E) relationship of
Rb,ZnCl, was obtained could be expanded to low tempera-
tures where a direct observation of quasistatic hysteresis
loops is not possible.

The analysis of experimental data recorded at tempera-
tures 120 KKT<T, revealed that the quasistatt{E) de-
pendence in fieldE<E,;, can be fitted according to Eq.
(3.6) in the whole temperature range investigated. The lim-
iting field E;;,(T) was found to decrease with increasing
temperaturéFig. 8). Though the interaction potential is non- 0.0 o
harmonic in the wholé€ phase, it gradually takes on a more 100 120 140 160 180 200
boxlike shape on cooling down ©*~160 K (Fig. 9), but T (K)
does not change beloW*. This is caused mainly by the
temperature dependence of the domain-wall density FIG. 8. Temperature dependence of the limiting fiElg, de-
=w/Xgy, which will be discussed later. Due to the boxlike fined in Eq.(3.9).

(kV/cm)

E .
lim

0.2
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FIG. 9. Reduced domain-wall interaction potenti&’ o
=GwwW(AX)/G}i;m , determined from quasistatic hysteresis loops re- 0'001 00 120 140 160 180 200
corded at different temperatures of tGephase, dependent on the
reduced domain-wall displacemekk/x,. The potential energ®’ T (K)
was related to the valug;,,=Gwwl (Xo—w)/2] and the wall dis- .
placementax to the wall distance,. _ FIG. 11. Te.mperature dependenc_:e of the spontam_eou; polariza-
tion P, determined from the saturation value of polarizatiorEat
=3 kV/cm.

The fitting parametera; anda, defined in Eqs(3.7) and

(3.8 depend onPy, which we have estimated b¥,  jndependent fof <T* and no thermal hysteresis can be de-

~P(Esa), With Es5=3 kV/cm>Ejy, . The spontaneous po- tected in this temperature range. Since no thermal hysteresis
larization determined in this way is a continuous, monotoni-y¢ p/w was observed. the hysteresis ofT) =w/X, at T

cally decreasing function of temperatugig. 11) without < 1% seems to be exclusively caused Xy T).
any _anom_aly_ in the lock-in phase.sThls result agrees with e gradual decrease ofT) on cooling was observed
previous findings of several auth&t$®and does not change 450 for nominally pure RIZnCl, crystal2® and is in accor-

qualitatively if another valueEsa>Ejiy is chosen. The  gance with the assumptiBit that further antistripples create
knowledge ofP,(T) makes it possible to derive rati@8w  5nq annihilate in the lock-in phase. A=T, , the domain-

and w/xo, respectively, from the fits of the experimental ;5 densityn,, of the purified crystal presented in this study
data. The ratido/w (Fig. 12 exhibits a temperature depen- ;g approximately the same as the densify, of a nominally
dence qualitatively similar to those &,(T). Particularly, pure crystal as it was derived from x-ray and dielectric
the model parameteris/w and Py are unambiguous func- 45526 However, the ration,,/nn,,~10 is obtained aff

tions of temperature. =T,_—15 K. In other wordsn,, decreases on cooling much

A qualitatively diff_erent behavior was found for the taster and amounts to a much smaller low-temperature satu-
domain-wall densityn=w/x, (Fig. 13. For temperature$ a¢on value. This indicates the crucial role of the defect den-

>T*, n(T) increases with temperature and a pronouncedjy on the domain structure coarsening inRiCl,.
thermal hysteresis is visible between heating and cooling “op, the other hand, is believed to remain constant in the
run. However, the domain-wall density is almost temperatur%ubsequent heating run for domain nucleation inZRICI,

T T T T T T T T 100 T T T T T T T T
0.08 .
75} .
A 0.06 . -
L =
2z 3
<  0.04} - z 0f T
o feo]
&}
L
0.02 . 25 .
———
0.00 L . L . L . L . O n 1 1 1 1 1 2 1 "
120 140 160 180 200 100 120 140 160 180 200
T (K) T (K)
FIG. 10. Temperature dependence of the coercive f&flof FIG. 12. Temperature dependence of the ratio of model param-

quasistatic hysteresis loops. etersb/w.
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FIG. 14. Behavior of the domain-wall density during tempera-

FIG. 13. Temperature dependence of model parametéx; . - . .
p P P 8 ture cycling within the ferroelectric lock-in phase.

corresponding to the domain-wall density

requires the creation of energetically unfavorable strippleknown. Since approximately the sarfié¢ was reported for
containing five domain states in the proper sequértdew- purified and nominally pure crystals, the mechanism appar-
ever, our fits indicate an increase ofT) on heating(Fig.  ently does not depend sensitively on defect concentration.
13), which is similar to the result obtained from permittivity The interpretation of the present data leads us to the assump-
data of purified crystai$*® One possible explanation for the tion that this anomaly may have something to do with the
increase ofn(T) not discussed up to now may be a wall thickness, which is apparently temperature dependent at
temperature-dependent wall thicknesgT). Theoretical higher temperatures, whereas it seems to be constart for
considerations predict a relationshiff Py) (Refs. 9 and 2F  <T*. We suggest, therefore, that this anomaly may be re-
and thus an implicit temperature dependendd). More- lated to a special type of roughening transitfoof the do-
over, thermal fluctuations of the local domain-wall position main walls in RpZnCl,. Ferroelectric domain walls are con-
lead to small curvatures of the wall increasing its surféce. sidered to be candidates for the occurrence of roughening
For nominally pure REZnCl,, a ratior=o,/w=1.8 be- transitions due to competition between thermal fluctuations
tween wall roughness, and thickness was derived @ and pinning on the discrete lattiée.The reason that no
=T, ,%® indicating that domain walls in REnCl, are rough  roughening transition was reported up to now in ferroelec-
at least slightly belowr, , which may reduce the wall-defect trics may be attributed to the fact that domain walls of many
interaction considerabi? ferroelectric systems are, apparently in contrast to the soli-
Whereas the behavior of(T) at T>140 K may be re- tonlike walls in RBZnCl,, very thin and continuum theory is
lated to an unambiguous, monotonically increasing functiomot applicableé’> We are aware that the available model has
w(T) and to stripple annihilations taking place exclusivelyto be refined in order to describe the anomal behavidr*at
on cooling, the situation changes a& 140 K, where the properly. However, the idea of a transition from a smooth
coarsening of the domain structure on cooling apparentlyvall at T<T* to a wall with increasing roughness @t
stops and the domain-wall density freezes in at approxi=>T* would qualitatively explain both the small coercivity at
mately 40% of the value observed®t. Moreover, the wall T>T* (due to the reduced domain-wall—defect interaction
thickness apparently becomes also temperature independegfta rough wall and the monotonic increase wfxy(T) (due
at T<140 K. This is obviously not related to the order- to the increase of the apparent width of the wall roughened
parameter modulug,, which influences the wall thickness by thermal fluctuations In any case, more experimental
W(po) but does not show any anomaly within the lock-in work including light- and neutron-scattering experiments is
phase as it can be concluded from the temperature deperequired to verify this hypothesis.
dencePy(T) (Fig. 11. On the other hand, it may be related Finally, we present data obtained during cycling of tem-
to the anomaly oEJ%(T) at the slightly higher temperature perature within the lock-in phag€ig. 14. First, the cooling
T*, which we interpret as an indication for a gradual in-run was interrupted at the temperatafewhere a domain-
crease of the defect domain-wall interaction on cooling bewall densityn(T,) was obtainedFig. 14. After that, the
low T*. sample was heated up to a temperaflye where a density
Though it is well known that a number of quantities re- n/(T;;;)>n,(T,) was observed. The cycle was completed by
lated to the polarization dynamics in #nCl,, such as the cooling the sample again f§ and the cooling run was con-
coercive field of dynamic hysteresis loof$°the switching  tinued. Note that initial and final domain-wall densitiesTat
time in rectangular pulsé$,and the relaxation time of di- are almost identical and/x, is an unambiguous function of
electric dispersion? show anomalies af* similar to those temperature within the whole temperature cydle—T),
of EJ¥(T), the mechanism causing the anomaly is still un-—T,. A similar result was observed for the temperature
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cycle T,,—T,,—T, (Fig. 14. We conclude thatx, in-  dynamic conditions, which allows an easy distinction be-
creases on cooling, but remains constant within the temperaween both types of curves. From the quasistatic hysteresis
ture cyclesT,—T,,—T, andT,,—T,,— T, respectively, loop, a master curv®(E) can be derived that carries infor-
where the temperature dependen¢g&) is apparently given mation about the domain-wall interaction potential. The mas-
exclusively byw(T). In other words, there seems to be anter curve was described quantitatively assuming that side-
“equilibrium” domain-wall distancexg(T) in Rb,ZnCl,  ways shifts of a field-independent number of domain walls is
that is a decreasing function of temperature. the only repolarization mechanism and that the repulsive in-
The coarsening of the domain structure on cooling after geraction force between domain walls in the ferroeled®ic
temperature StephT, which takes place versus accidental phase and between phase solitons in the IC phase, respec-
annihilations of stripples, proceeds in purified,RhCl, ap-  tively, is qualitatively the same. Thus the peculiar swan neck
parently on s_horter time §cales than_the variation_of tempe_ras;h(,ju:,e of quasistatic hysteresis curves in,ZRICI, was
ture chosen in our experiments, which were carried out withy4\n, tg reflect the unique mechanism of polarization rever-
a coolmg/h(_aatmg rate oAT/At=0.2 K/min. The equilib- sal in improper ferroelectric lock-in phases.
fium Wa"mg'StanCEXO(T), may be related to the “cutoff” Analyzing hysteresis curves recorded in a wide tempera-
distancexg™*, above which ngcleatlon of antistripples Stops, 6 range of the lock-in phase, it was shown that all model
as it was obgerved m_Nal\&d_ On ‘h‘? other hanq, an add." parameters influencing the domain-wall interaction potential
tional attractive domain-wall interaction decreasing Ioga”th'exceptw/xo are unambiguous functions of temperature. On
the other handw/x, exhibits a pronounced thermal hyster-

mically with x, was predicted, taking into account thermal
fluctuations of the domain walf: The competition between esis between cooling and heating at temperatures 7 K
<T,. This can be attributed to the annihilation of anti-

the domain-wall attraction, wall surface energy, and expo

nential wall repulsion may indeed lead to a shallow energy™ . : X i
minimum at a finitex2?, which unfortunately could not be StiPPles during  cooling, which “apparently stops at

detected in our experiments because it is probably masked by 140 K. wherew/x, freezes in. On heatingy/x, starts to

wall-defect interaction. increase above the temperatdre~ 160 K, where addition-

Whereas the behavior discussed up to now is compatibl@”y an anomaly of the coercive field of quasistatic hysteresis
with dielectric data reported by Unruh and Levsika dif-  l0ops was observed. We suggest that this behavior may be
ferent result was found on the temperature cyEjg—T,,  attributed to a roughening transition of domain walls in
=110 K—T,,,, which may be related to antistripples cre- Rb,ZnCl,. Above T, thermal fluctuations may increase the
ated at low temperatures that are unable to annihilate an@pparent width of the domain wall and weaken the wall-
serve as nuclei for the formation of new domain walls ondefect interaction.
heating.
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