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In the smecticA phase at a temperature near the sme&tio-smecticE point a field induced Freedericksz
transition is predicted to exist by this work. This transition can occur due to the possibility of induced
molecular tilt accompanied by smectic layer distortion. The existence of the transition is confirmed experi-
mentally. Temperature dependence of the transition voltage is predicted, and also confirmed experimentally.
Further, the influence of finite surface tilt on the transition is considé®&t63-651X98)51308-9

PACS numbeps): 64.70.Md

The smecticA phase of liquid crystal material has both sion of the smectic layering can induce a . A similar
orientational and positional orderini@]. Orientational order process also takes place across the sméctizc-smecticE
is similar to that in the nematic phase, and allows the defiphase transition, and in homogeneously aligned samples gen-
nition of a directorn as the average molecular long axis. erally results in the formation of a kinkédr chevron struc-
Positional order consists of layering of the molecules, withture in the smectic layering. The occurrence of this allows
the layer normal in the direction and the pitch of the lay- retention of the layer packing formed in the smedighase
ering being approximately equal to the molecular length. together with molecular tilt relative to the smectic layer nor-

It is well known that in the aligned nematic phase a fieldmal. Generally this tilt is in the opposite direction from the
induced orientational transition can take place. If a nematidayer tilt direction, resulting in approximate retention of the
liquid crystal sample is placed between bounding plates thadtomogeneous alignment. However, under field application in
induce parallel alignment of the liquid crystal director, then athe smectic€ phase, for materials with positive dielectric
so called homogeneously aligned liquid crystal layer will beanisotropy, the director can reorientate so that the tilts are in
formed. Provided the dielectric anisotropy of the liquid crys-the same directiof6], and the resulting director tilt is the
tal material is positive then application of a fieldlectrig sum of the layer tilt angle and the tilt of the director relative
normal to the bounding plates will then tend to reorientateto the layer normal. Given that near the smeétido
the director to be parallel with the field, and thus perpendicusmectic€ transition point layer compression can induce tilt,
lar to the bounding plates, if the director is anchored at thét should also be possible to induce this state through field
surfaces then a distorted state will be formed. This orientaapplication to a homogeneously aligned sample in the
tional transition is termed the Freedericksz transifdhand  smecticA phase just above the transition to the sme€tic-
if the field is provided by a voltage applied across the boundphase. An applied field would then tend to induce director tilt
ing plates it takes place above a critical threshold given bythrough the same mechanisms of layer shrinkage and tilt.

Thus, we would expect a smecticFreedericksz transition
V=1V (KlgpAe), to exist near the smecti-to smecticE transition point.
In order to predict the voltage threshold of this transition

whereK is the elastic constant ankk is the relative dielec- We assume that the internal energy density of the sample near

tric anisotropy of the nematic liquid crystal material. the smecticA to smectic€ transition can be expressed as
In the smecticA phase it is normally accepted that such a )

transition cannot be observ¢d]. Again starting with a ho- f a 62+ E ot + E d_X) _ 1 AsE2y2

mogeneously aligned sample with the director parallel to 2 4 2 \dz 2 0REE X

bounding plates there will now be smectic layering present,
with the layer normal parallel to the surfaces also. If a fieldwhere ¢ is the induced molecular tilt relative to the layer
which tends to reorientate the director is applied across suchormal,a andb are Landau coefficienty is the tilt of the
a sample no elastic distortion should take place. This is bedirector relative to the sample boundariés,is an elastic
cause there is no reorientation profile that can retain the ineonstantz is the direction normal to the surfacese is the
terlayer spacing and packing structure of the smectic layerfpositive relative dielectric anisotropy, arid is the internal
ing. Thus, no reorientation is seen until a threshold forelectric field. It is assumed that near the transition the direc-
plastic distortion is reachef]. This results in permanent tor tilt is small and therefore small angle approximations
reorientation of the layering through defect formation whichhave been used in the above equation. In order to solve this
can only be recovered by thermal annealing of the sample it is necessary to relate the director tilt relative to the layer
the nematic phase. It appears therefore that no smactic-normal to the director tilt relative to the sample boundaries
Freedericksz transition with an elastic distortion analogous tdgi.e., to related and y). This is done through the approxima-
that in the nematic phase is observable. tion §~c#, wheredis the layer tilt angle and is a constant
Near the smectiéx to smecticE phase transition point of proportionality, typically around 0.97]. As the layer tilt
however tilt can occur in the smectiephase, accompanied and director tilt are expected to be in the same diredfien,
by smectic layer shrinkage. For example, physical compreso add togethgr the total director tilt can be written as

1063-651X/98/58)/12153)/$15.00 PRE 58 R1215 © 1998 The American Physical Society



RAPID COMMUNICATIONS

R1216 STEVE J. ELSTON PRE 58

v b b b pm thickness is filled with the liquid crystal materiabB.
This material has nematic, smecfic-and smecticz phases,
and also has positive dielectric anisotropy. The test cell is
placed between crossed polarizers, in a temperature con-
trolled environment, and the transmission observed during
field application.

First, the Freedericksz transition in the nematic phase was
investigated, at very low frequency. Recording the threshold
voltage for this at a number of temperatures, and extrapolat-
ing to the smecti@ to smecticE€ phase transition tempera-
ture gives a value of 850.5V atT=Txc. It was noted
above that the smectik Freedericksz transition threshold at
the smecticA to smectic€ transition point is expected to be
twice the nematic value, i.e., this predicts a threshold voltage
of 17.0£1.0V atT=Txc.

The smecticA Freedericksz transition threshold is deter-
mined by applying a low frequency triangular wave to the
device, increasing the amplitude of this until a response is
L O I B I observed at the peaks, and then extrapolating this response
-1 A s back to the background level to define the threshold. This is

AC analogous to the technique commonly used for measuring

FIG. 1. Threshold voltage squared as a function of temperaturéhe threshold in nemat_ic d_eVice_S' 5 )
(measured from the smectikto smectic€ transition point. Data Results are plotted in Fig. 1 in the form Wae" against

are shown as points, together with two straight line fits with theT__TAc- Two regions are observed: _
break point aff — T,c=0 °C. (i) Below T ¢ (for a range of 0.5° at leasthe threshold is

approximately constant, remaining at the value at the phase
x~(1+c)6. Taking this together with the above equation transition of 16=1V. This gives a parameter value of
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allows an Euler-Lagrange equation ynto be derived as 41K/ (goAe) =256+ 33 V2. The threshold at the transition
temperature is very close to the value predicted by extrapo-
a(T—Tao) b % , lation from the nematic phase Freedericksz transition, and
> 2 X tK ——¢ggAeE“x=0, confirms the existence of a node in the center of the device
(1+c) (1+c) dz? due to the smectic layer packing constraints. It is believed

L , that the threshold remains approximately at this value in the
where the coefficierd in the Landau terms has been written

in its temperature dependent form. On field application it is « o b Lo b
expected that the lowest mode of distortion will have nodes ~ ‘
at the surfaces and a node in the center of the sample. This 7
in order to be consistent with the retention of smectic layel
packing and formation of a kinked structure, analogous tCo
the chevron structurgr], as discussed above. Thus, looking =
for solutions of the above equation in the form Co _|
X= Xo Sin(2mz/d), whered is the device thickness, allows the ~°
determination of a critical, or threshold, voltage for the 5 1

smecticA Freedericksz transitiofBAFT) as ; i B
S
Y, ! 47°K+ a(T—Tac) > " 0. | I
= — T o — —_— 0
SAFT \/SOE AC (1+C)2 g; ] |
Q| N
There are a couple of interesting points to notice in this p
expression: L B

(i) At the smecticA to smectic€ phase transition tem- |
perature the expression simplifies to one very similar to tha
for the nematic case, but with a threshold voltage of twice
that for the nematic Freedericksz transition. This is also the ° 10 20 30
same as the value obtained by Kedney and Stewart for the Veltage across cell (V)

lowest order sin mode of layer deformation in a sme€tic-  Fig. 2. voltage-dependent behavior of the respdaserage tilt
phase[8]. for theory and transmission change in arbitrary units for the experi-
(i) The threshold voltage squared is linear in temperaturémeny around the smectié Freedericksz transition. The smooth
In order to test the above theory an experiment is pertines are the theory and the noisy lines are the data. Results are
formed to study the smectibFreedericksz transition. A par- shown (from left to right at T—Tac=0°, T—Tac=0.2°, andT
allel aligned low pretilt homogeneous test cell of around 2—T,.=0.5°C.
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smectic€ phase because a mode of reorientation is nowared in Fig. 2, where a modified coefficient of
available through the Goldstone mode only. This involvesA7?K/(eoAe)=320=36 V2, and an arbitrary scaling on the
elastic distortion and no layer perturbation. At the phasevertical axis are used. Clearly the comparison is very good,
transition point the dominant ternise., those which deter- and confirms that the lack of sharpnéss rounding at the
mine the thresholdin the above Euler-Lagrange equation threshold is due to a finite surface pre-tilt. Additionally there
also contain only the terms for director distortion. The con-is a change in the parameter value due to surface tilt modi-
sequence of this is that the threshold remains constant in tHecation of the threshold voltage.

smectic€ phase close td ac.- In summary, a smectié-Freedericksz transition has been

(i) Above the phase transition temperature the thresholgredicted to exist near the smecAdo smecticE phase tran-
voltage squared increases linearly with temperature. This isition point. A simple theory based on the need to retain
as predicted above, and the slope gived?/[eoAe(1 smectic layer packing has allowed the variation with tem-
+¢)2]=1333+ 133 V#°. Dividing this by the parameter de- perature of the threshold voltage for this transition to be de-
termined above, and putting in typical values #randc  termined. Comparison of these predictions with experiment
leads toa~1850 N %/°. has shown the correct threshold voltage at the smécti-

In practice the threshold is not sharp, especially near themecticC transition point, and the correct behavior with
smecticA to smecticE transition temperature. This is most temperature. Additionally softening or rounding of the
likely to be due to finite surface pretilt in the device, which threshold has been shown to be due to surface pretilt, which
leads to a similar effect in the nematic Freedericksz transialso shifts the threshold voltage at the smegticto
tion. In order to investigate this, the Euler-Lagrange equatiorsmectic€ transition point by around 10%.
given above is solved numerically in the regime of the
smecticA Freedericksz transition, including a surface pretilt | would like to acknowledge the Boulder LC group for
of ~1° in the calculations. Experimentally, for small pertur- sharing their supply of 85, synthesized by Mary Neubert of
bations in tilt the expected optical response is proportional tdhe Liquid Crystal Institute, Kent, Ohio. | would also like to
the average tilt of the director in the device. These are comacknowledge M. J. Towler for useful discussions.
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