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Comments are short papers which criticize or correct papers of other authors previously published in thePhysical Review. Each
Comment should state clearly to which paper it refers and must be accompanied by a brief abstract. The same publication sc
for regular articles is followed, and page proofs are sent to authors.

Comment on ‘‘Kink switching in ferroelectric free-standing films
with high spontaneous polarization’’

R. Stannarius, N. Klo¨pper, Th. Fischer, and F. Kremer
Fakultät für Physik und Geowissenschaften, Universita¨t Leipzig, Linnestrasse 5, D-04103 Leipzig, Germany

~Received 16 May 1997; revised 14 November 1997!

We discuss experiments by Demikhovet al. @Phys. Rev. E52, 6250~1995!# on switching dynamics of freely
suspended ferroelectric films. The authors have studied the optical response to electric excitation by an in-plane
ac field. They perform a theoretical analysis which is not appropriate for the experimental data. We reanalyze
the optical response of the film to an oscillating electric field and interpret the experimental data in terms of a
uniform azimuthal reorientation of thec director ~Goldstone mode!. Effects of the helical pitch on the inter-
pretation of the experimental results are discussed. We think that the data provide no convincing evidence for
the assumption of a ‘‘kink-switching’’ mechanism.@S1063-651X~98!08011-8#

PACS number~s!: 64.70.Md, 68.15.1e
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INTRODUCTION

The equations which describe the dynamical behavio
chiral ferroelectricSC* material in electric fields are well es
tablished ~see, e.g.,@2#!. Nevertheless, the mathematic
analysis of the switching processes in thin sandwich c
under the action of electric fields is rather difficult because
the complex geometry even in a simple bookshelf sam
with planar surface anchoring~see, e.g.,@3#!. Freely sus-
pended films with lateral electrodes provide a simple exp
mental geometry. They can be studied by transmission
reflectivity measurements under the influence of in-plane
cillating or rotating electric fields~e.g.,@4–10#!. The analysis
of the frequency dependence of the electrical, optical, or
response yields information on the switching dynamics a
viscous coefficients@11,12#.

Demikhov et al. @1# report optical investigations of thin
freely suspendedSC* films. The authors have recorded th
optical reflection of the films at normal incidence while t
film is exposed to a lateral oscillating electric field. As t
change of optical contrast in the reflection texture is v
weak, the optical data are sampled by means of a loc
amplifier at the frequency of the applied ac field. The f
quency dependence of the optical signal is used to confir
proposed switching mechanism in theSC* phase.

The authors observe a rather low optical signal at h
and low frequencies but detect a dramatic increase of t
optical signal in the intermediate frequency range, which
reminiscent of a resonant behavior. Such an increase o
optical response with increasing frequency of the driv
field seems to be incompatible with the relaxational chara
of the Goldstone mode. In order to explain this peak in
optical response and its field strength and film thickness
pendence, the authors have proposed a so-called kink sw
PRE 581063-651X/98/58~5!/6884~4!/$15.00
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ing ~KS! model. According to that model, thec director~the
c director denotes the projection of the preferred molecu
orientation in the tiltedSC* phase on the layer plane! reorien-
tation occurs in the form of the propagation of a solita
wave ~‘‘kink’’ ! in the film. Different propagation direction
are proposed for thin and thick films. Demikhovet al. @1#
assume that in the films studied, a lateral propagation
kinks occurs, starting from certain domain boundaries. Th
calculations are performed for a different geometry but c
be modified correspondingly.

However, no direct evidence for the proposed kink prop
gation is given, the model is based only on integral opti
reflection measurements. For interpretation of their exp
ment Demikhovet al. calculate a scattering intensity whic
is the time and space average of some correlation functio
the c-director components. However, they neglect the f
that their lock-in amplifier suppresses exactly this time av
age but measures a reflectivity modulation at the first h
monics of the excitation field. Therefore the theoretic
curves in@1# do not describe the experiment. We reconsid
the data analysis and it turns out that the apparent reson
peak is a simple consequence of the optical detec
method. Most features of the experimental curves can
interpreted without the concept of solitary waves.

We address two points in this comment. First we propo
a correct description of the observed optical data. Second
compare the effects expected from a uniformc-director re-
orientation and the kink-switching model. We analyze oth
factors which are relevant for the experiment and disc
which evidence for the kink-switching model is actually co
tained in the data.

THEORY

We consider first a description of the experimental data
@1# with the simple model of a uniformc-director reorienta-
6884 © 1998 The American Physical Society
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tion in the layer plane, driven by the electric field an
damped by a viscous term. The qualitative predictions ar
follows: In the described experiment, the time dependent
rector response to ac excitation is not measured directly.
lock-in signal sampled at the first harmonics represents o
a special part of the dynamic response, viz., the contribu
of the respective mode in a time Fourier expansion of
optical signal. An oscillating electric field of frequencyv is
applied in the plane of a free-standing smectic film. At lo
v, the reorientation of the sample is very fast compared
the excitation periodT52p/v, and the switching proces
occurs during a very short interval in each half cycle of t
driving field. The optical reflectivity curves are modulate
only during these short switching periods; most of the ti
the spontaneous polarization is~almost! aligned to the field.
Only narrow peaks appear in the time dependent optica
sponse function, and the first harmonics of such curves
correspondingly small. Higher harmonics of the driving fr
quency are excited, but filtered out by the lock-in amplifi
When the increasing ac frequencyv approaches the charac
teristic frequency of the Goldstone mode, the response si
becomes more sinusoidal and the first harmonics in the F
rier expansion increase. This leads to an increased op
contrast near the relaxation frequency when data are sam
with the lock in. At further increasingv, viscous friction
becomes dominant, reorientation of thec director remains
incomplete, and the response signal modulation gradu
decays to zero. The similarity of increased lock-in sign
near the critical frequency to a resonance curve of a lin
oscillator phenomenon is only superficial. Thec-director re-
sponse to the oscillating driving field is strongly nonline
particularly at low frequencies.

In order to put these considerations on a quantita
level, we analyze the underlying mathematical equations.
consider a spatially uniform sample and assume that the
is sufficiently thin such that theSC* helix is unwound. The
azimuthal reorientation is described by@13#

gu2ẇ52PE sinw1eae0E2sinw cosw, ~1!

with time dependent electric fieldE(t), spontaneous polar
izationP5mu, rotational viscosityg, and in-plane dielectric
anisotropyea , the azimuthal anglew ~betweenPW and the
direction in which the electric field is applied!, and the tilt
angleu (sinu'u) of theSC* phase. Equation~1! can be writ-
ten in the simplified form

ẇ5v0~2sinw cosvt1e sinw cosw cos2vt ! ~2!

by substitution ofv05PE0 /gu2 and e5eae0E0 /P. Solu-
tions of Eq.~1! for triangular or square wave electric field
are discussed in literature@10,11#. For a sinusoidal electric
field E(t)5E0cosvt, we will first neglect the dielectric term
ueu!u1u. ~This condition is usually fulfilled inSC* films.! The
analytical solution of Eq.~2! with e50 for an initial orien-
tation w(0)5w0 ,

tan
w

2
5tan

w0

2
expS 2

v0

v
sinvt D , ~3!
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describes the azimuthal reorientation in an oscillating elec
field. It is strictly periodic withT52p/v; after each period
T the c director is at its initial orientation again.

For a description of the optical reflectivity, IR dichroism
or similar experimental observables of thin films we intr
duce the generalized periodic function

R~w!5R01R1cos 2w,

which we will call response function~the choice of modified
functionals is trivial!. It reflects the relation between the ob
served time-periodic signal and director azimuth. Insert
Eq. ~3!, we find

R~ t !2R05R1S 12
8y~ t !2

@11y~ t !2#2D , with y~ t !5tan
w~ t !

2
.

~4!

Figure 1~a! presents three typical curvesw(t) at different
frequencies, calculated from Eq.~3!, together with the corre-
spondingR(t) obtained from Eq.~4! in Fig. 1~b!. In both
figures, we have rescaled the time axes withT52p/v in
order to emphasize the changes in the curve shape. Rele
for the discussion of the experimental data is the first h
monicsu*R(t)exp(ivt)dtu of the curves in Fig. 1~b!. We have
extracted the frequency dependence of this coefficient
merically by Fourier transformation of the analyticalR(t) at
different v, the result is shown in Fig. 2. The frequenc
dependence is in accordance with our qualitative discus
above. The general trend is a pronounced increase of

FIG. 1. Characteristic curves for the variation of~a! the azi-
muthal anglew(t) and ~b! the resulting response signalR(t) with
R050, R151. The initial anglew0 was chosen to be 30°. Low
frequencyv/v050.1 ~dotted!; v/v051 ~solid!; high frequency
v/v0510 ~dashed!.
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6886 PRE 58COMMENTS
signal of the first harmonics at frequencies in the vicinity
the Goldstone modevGoldstone5v0 . The exact shape of th
optical curves depends upon the initial orientationw0 as seen
in Fig. 2. The signal of a sample which is not monodom
will be a superposition of signals for differentw(0). The
overall curve shape will be reproduced but details aver
out and the peak position may change slightly.

A refined model has to consider also the small dielec
interactions due toeÞ0. The inclusion of the dielectric term
leads to a gradual sample alignment. We have solved Eq~2!
for ueu!1 by numerical integration. The reorientation
each field cycle is almost the same as in Fig. 1~a!, but with a
small drift of the anglew after each cycle. This case lead
theoretically to a final stable solutionw50 ~or w5p), and a
vanishing lock-in signal. The caseea.0 finally leads to a
symmetric oscillation aboutw5p/2, again with the first har-
monics of the signal disappearing. In practice, the dielec
interactions are very weak though (e,1024) many compet-
ing effects of walls, defects, film boundaries, and elec
field inhomogeneities will influence thec director and pre-
vent a complete sample alignment atp/2 or 0. In particular,
an existence of helical twist along the film normal will cou
teract the overall alignmentw50.

DISCUSSION

In spite of some unknown parameters we will now try
quantitative comparison with data in the paper on which
are commenting. The interpretation of the nature of the
tical signal is not problematic. In@1#, the description is base
on the assumption of light scattering. We think that the a
muthal dependence of the film reflectivity produces the
tensity modulation, but for the following discussion th
point is peripheral.

In @1#, the zero frequency scattering intensity is comput
but light modulation at the frequency of the driving field
measured. There is no indication how both quantities
correlated. Consequently, the qualitative agreement of si
lated curves in@1# with the experiment is only coincidenta
~cf. Figs. 1, 9, and 10 there!, and not very satisfactory eithe
The fit in Fig. 11 of @1# considers only a very small fre
quency range, and the resultI}G(v1B)23 is not in good
accordance with the theoretical predictionI}v23.

FIG. 2. Frequency dependence of the first harmonics of the
sponse signalR(t) for differentw0 , v is given in units ofv0 . The
choice of differentv0 , i.e., the change in the relaxation time of th
sample, simply shifts the curves on the frequency axis.
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When we compare our simulations with the experimen
curves in@1#, the overall qualitative agreement~see our Fig.
2 and Fig. 1 in@1#! seems to be much better. Quantitati
comparison shows that the intensity peak in our model
pears nearv0 ~which is equal toa'104/s in the notation of
Demikhovet al.!. This corresponds quite well to the exper
mental resultf '1500 Hz in Fig. 6 of@1#. In contrast, the
kink-switching model yields the intensity peak atvext
'a/105103/s ~see Discussion in@1#! which is too small by
one order of magnitude~this is independent of the discrep
ancies in the optical analysis!. We think this is some evi-
dence against KS, and we note that from two compet
reorientation mechanisms in a system one should expect
only the faster process~viz., the uniform Goldstone reorien
tation! is effective.

The rest of the discussion in@1# focuses on the field
strength and film thickness dependence of the observed
frequency. However, in their argumentation the authors co
pletely neglect the existence of a helical twist along the fi
normal. For the discussion of details of film thickness a
frequency dependence ofvext we have to consider that th
free pitchp052p/q0 of the material is about 300 nm@14#,
and a 300 layer film is'4p0 thick ~with a smectic layer
thickness of roughly 4 nm@14#!. At low E0 , the c director
forms a helix along the film normal, and the electric field
unwind the helix of aboutK twistu

2q0
2/2P is of the order of

105 V/m, i.e., rather large on the field strength scale of Fig
in @1#. In fact the elastic termK twistu

2q0
2 is several orders of

magnitude larger than the in-plane elastic distortion in
kink. The assumption of an untwisted sample may be ju
fied only at very high electric fields.

The electric field effects on a partially unwound helix a
complex, but one can predict the general trend: an increa
optical intensity modulation with progressing helix unwin
ing, i.e., with increasingE0 . This explains the left hand sid
of Fig. 3. The dependence on the right hand side of Fig
may be due to the increasing influence of the dielectric te
}E0

2 which brings the anglew on average closer to 0°, th
first harmonics consequently becoming smaller. The
served film thickness dependence for films between 150
400 layers has to be discussed in the light of the differ
ratiosp0 /d. If the films thicknessd is a multiple ofp0 ~152
layer film! the net polarization at each position in the plane
compensated while for half integer thicknessd'2.5p0 ~182
layer film! an uncompensated portion of the helix remain
The authors seemingly have not studied the helicity of th
films, therefore a detailed discussion of film thickness effe
is speculative here. The same holds for the discussion of
field strength independent relaxation frequency presente
Fig. 3 of @1#.

CONCLUSIONS

The kink-switching model was originally developed fo
nonferroelectricSC cells @3#. In the original application by
Schiller the smectic is contained in a thin cell with plan
anchoring at the glass plates. The electric reorientation th
is of the Fréedericksz type. Due to the degeneracy of t
dielectric interaction potential, domains of oppositec-
director reorientation may form, separated by walls. Th
walls can propagate in the cell plane. The bistability of t
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switched state inSC is important for the appearance of th
kink. Schiller et al. @3# have also extended their model
ferroelectricSC* samples. In that case, a superimposed la
high frequency ac field is employed to maintain the bista
ity and the dielectric term is dominating.

On the contrary, inSC* films with high spontaneous polar

ization as studied in@1#, the polar interaction ofPW with the
electric field dominates by far, all other terms including t
dielectric interaction (e,1023) are negligible, and only one
stable orientation exists in the electric field. Therefore
formation of kinks should be rather unlikely. Even if som
comparable mechanism exists in the films studied, the pa
gives not a single unambiguous evidence for that effect.

Certainly the paper commented on is a valuable contri
s.
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tion to study of the dynamics of freely suspended films
electric oscillating fields. The experimental data provide u
ful information on thec-director dynamics. If we assume tha
the c director in free-standingSC* films exposed to laterally
oscillating electric fields reorients uniformly in a Goldston
mode, the frequency characteristics as observed
Demikhov et al. @1# are well reproduced. A quantitativ
comparison of peak frequencies seems to support our mo
Details of the field strength and film thickness dependenc
the relaxation peak frequencies and intensities are difficu
interpret as the phenomena were reported only in fil
thicker than the free pitch of the substance. Therefore
conclusions drawn from the electric field and film thickne
dependence have to take helical twist into consideration.
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