This article was downloaded by: [University of Haifa Library]

On: 17 August 2012, At: 19:33

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and

Liquid Crystals Science

and Technology. Section A.

e Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Electrically Deformed Short
Pitch Chiral Smectic Liquid
Crystals

Marta Becchi ? , Pontus Jagemalm b Pascal Hubert
& Claudio Oldano ?

# Dipartimento di Fisica, Politecnico di Torino and
INFM, Corso Duca degli Abruzzi 24, 1-10129, Torino,
Italy

b Department of Microelectronics and Nanoscience,

Chalmers University of Technology, SE-41296,
Goteborg, Sweden

a

Version of record first published: 24 Sep 2006

To cite this article: Marta Becchi, Pontus Jdgemalm, Pascal Hubert & Claudio Oldano
(1999): Electrically Deformed Short Pitch Chiral Smectic Liquid Crystals, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and
Liquid Crystals, 328:1, 383-390

To link to this article: http://dx.doi.org/10.1080/10587259908026081

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259908026081
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 19:33 17 August 2012

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [University of Haifa Library] at 19:33 17 August 2012

Mol. Cryst. Lig. Cryst., 1999, Vol. 328, pp. 383-390 © 1999 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under the
Photocopying permitted by license only Gordon and Breach Science Publishers imprint.

Printed in Malaysia

Electrically Deformed Short Pitch
Chiral Smectic Liquid Crystals

MARTA BECCHI?, PONTUS JAGEMALM®, PASCAL HUBERT?
and CLAUDIO OLDANO?

ADipartimento di Fisica, Politecnico di Torino and INFM, Corso Duca degli
Abruzzi 24, 1-10129 Torino, Italy and bDepartment of Microelectronics and
Nanoscience, Chalmers University of Technology, SE-41296 Goteborg, Sweden

Short pitch chiral smectic C liquid crystals distorted by a transverse electric field are consid-
ered. Fully analytic and very simple expressions are given and discussed for the distorted
structure and its optical properties, allowing to calculate the field induced rotation of the
effective optic axis.

Keywords: optics of chiral media; distorted ferroelectrics; electrooptics

INTRODUCTION

Liquid Crystals (LC) exhibit a great variety of periodic helical phases. In
particular. the cholesteric phase and the helical smectic phases (C*, I*, F* and
K*). as well as the twist grain boundary (TGB) phases, show a periodic
superstructure in only one direction, whereas the blue phases are periodic in
three directions. Since usually the spatial periods are very large with respect
to the molccular sizes, a description in terms of a continuous periodic medium
is generally used and is good enough to any practical purpose“'. Media
having a pitch small with respect to the light wavelength can be treated as
optically homogeneous. The true periodic structure and its homogeneous
model are referred to as mesoscopic and macroscopic models, respectively.
Two different methods have already been developed to find homogeneous
models; they are used to describe deformed cholesterics'” and chiral smectic
C's'™ (SmC*). For more complex structures a new approach is more
convenient'!), based on a Fourier expansion of the dielectric tensor. In this
paper. we consider chiral smectics distorted by an electric field. The
interaction between the field and the molecular dipoles leads to a deformation
of the helix!**7# If the field is perpendicular to the helix axis, the regions in
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which the polarization is favorably oriented grow and the system will exhibit
a net average polarization in the direction of the applied electric field. Above
a critical value (E¢), the helix will unwind, giving a uniform polarization.
Below the threshold, the most important optical effect is a rotation of the
macroscopic optic axis in the plane defined by the helix direction and the
clectric field. This electro-optic cffect, which is generally called the deformed
helical ferroelectric (DHF) effect, provides fast switching speeds at low
voltages and grey scale capabilities. Not surprisingly, it has been suggested
for use in applications” and even been developed for use in active matrix
displays'"”!. Numerical calculations are generally required to find out the
direction of the macroscopic optic axis and the corresponding optical
properties of distorted samples. Here we show that, for small enough applied
fields, the distortion and the optical properties of short pitch media can be
described by fully analytic and very simple expressions.

THE STRUCTURE OF THE DEFORMED HELIX
The undistorted smectic structure is well described by a mesoscopic model, in
which the local director is uniformly rotating along the helix axis z:

/1= 5in6 cos@ X+ sinbsing y+cos6 % . (hH

Here6is the tilt angle and ¢ =2az/p,, where p, is the pitch of the
unperturbed helix. The electric field strongly changes the z-dependence of the
azimuthal angle ¢, leaving the tilt angle practically unchanged. If the
quadratic dielectric coupling and the contributions from the flexoelectric
effect are neglected, the free energy density of the smectic can be written as!™!
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where K. is an elastic constant. If the electric field is in the v-direction,
= F 11

=1/2P 5in(20)(sin@, - cos ¢.0) can, to first order in 6, be written as

[N

the coupling term with the polarization

1l

E - P = PbEcos@. This yields the Euler-Lagrange equation
2
Kzelg—‘f’w,eEsimp:o. (3)
=

whose solution ¢(2), neglecting possible boundary effects, can be written
mmplicttly as:
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where

Fk=] Ft.k) = [N1-sin’rdr,  (5)
i ]

dr
Vi-ksin’t
are elliptic integrals of the first and second kind respectively. The critical field
E. corresponds to the value k = | where F, diverges.

For smali electric fields, the solution of Eq.(3) can be approximated by the
simple expression:

¢ = qz+ Asin(qz),

t{—'—‘i‘—, A:_€£4p': (6)
3

) K@ '’

In Fig. [ this approximation is compared with the exact solution. The
agreement between them is very satisfactory till A=0.62 (the two curves are
practically coincident). Even for A =1 the differences are very small.

Zp

Figure 1 Cuosine of the azimuthal angle ¢ of the helix as a function of the normalized z-
coordinate. The solid dark lines are the exact solution while the grey lines are the sinusoidal
approximation (6). Increasing values of A give larger induced deformations (for A=0, E =0;
for A=0).62, E=0.78 Ec: for A=1.0, E=0.95 Ec).

THE MACROSCOPIC MODEL
The optical properties mesoscopic model for locally uniaxial media are
defined by the constitutive equations D = ¢, gE , B=u H,where

£=E,+E . (7

Here ¢, = £, — ¢, is the dielectric anisotropy.

o
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For a plane wave incident on a slab sandwiched between planes orthogonal to
z. the internal field is defined by the Berreman vector

Blz)=(E H ,E ~H)', where ¢ stands for transpose. The propagator
Ut2). detined by B(z) =U(2)B(0"), satisfies the equation:

dU(z) .
de A
where A is the vacuum wavelength and the kernel B(z) is a 4x4 matrix, here
referred to as the Berreman matrix''?. The transfer matrix U(d) of a given

sample is obtained by integrating Eq.(8) over the sample thickness d. The
method used in Ref.[3] to find the macroscopic model requires one to search

(8)

for the z-independent matrix B and for the corresponding set of constitutive
equations, which give the best approximations for U(d), for any given
direction of the incident beam. This procedure is rather involved, but it gives
also the limits of validity of the macroscopic model and allows us to find
possible boundary effects. For periodic media, the optical properties of a
sample whose thickness is an integer multiple of the period are fully defined
by the transfer matrix over one period. For our samples ( p << ), this matrix
is conveniently written as"

¢+7n
Up)=1+2 jd(pB(tp)U(w)—l+Z('Z) ",
n=i

)

9,42

W = I d(P,B((Pl)J‘I‘/”B((o’ ..... ].(I'(P,,B((P,,),
. e

and explicitly depends on ¢, which is the azimuthal angle at the boundaries
(1 is the 4x4 identity matrix).

We expand the Berreman matrices B[¢(z)] and B for the mesoscopic and
macroscopic models as follows:

B(p)=B, + iam cos(me@) +b, sin(mg), (10

m=|

B=8, +(ip/2)B, +(ip/ A) B,+... (n

Up to terms in p/A. the two Berreman matrices give the same transfer
matrix if and only if:
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E(} B,,
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The elements of the matrix E, are very small with respect to the elements of

> 2
il

B, and the higher order matrices E:- ... are negligible to any practical
purpose. Despite this fact, the matrix E, could give important macroscopic
effect, since it is related to the optical activity of the medium, as discussed
below. The most important feature of this matrix is its dependence on the
angle ¢, . which defines the direction of the local optic axis of the periodic
sample at its boundary planes. To define the macroscopic model, the ¢,
dependent terms must be neglected, as discussed in Ref.[13].

For distorted smectics, the matrix B(¢) contains terms of the type

cos(Asingz) and sin(Asingz). For small distortions, we have used the
following approximations:

cos(Asingz) = J (A)+2J,(A)cos2qz

sin(Asingz) = 2J (A)singz
and expanded the Bessel functions J; in a power series of A up to second
order.

(13)

RESULTS AND DISCUSSION
The macroscopic model is defined in terms of the constitutive equations first

suggested by Tellegen'": D:e,,£E+i£H; B=u,H —i’i":'f. The matrix
EU defines the dielectric tensor £ , whereas E, defines the chirality tensor
K . Within the approximations p:esemed at the end of the preceding section,
the only non-zero elements of these tensors are:

E.=¢,+€,cos" 8,
=60+ 18 )+ (A12) (€2sin*0)I(4E.),
=g+, 18 )+(A12) (5/4¢, +¢,5in°6)
. =&, =—A/2¢ sin26,

g, =———”£i;;'~'"29[|-%[—’}) ) (15)

Let us now discuss our results. The macroscopic model has been derived by
assuming p << A and A << 1. Concerning the pitch p, the range of validity of
the model is the same as for the undistorted SmC*, which has already been

]

(14)

T
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exhaustively discussed in Ref.[13]. For any given optical geometry, the model
gives generally good results for p values smaller than half internal

wavelength.
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Figure 2 Rotation angle of the output polarization as a function of A for a linearly polarized

incident wave with an incident angle in the glass 9, =10"on a sample with pitch

p = A110. thickness d =80p, tilt angle 8 = 257, extraordinary and ordinary refractive

ndices n, =1.55,n, = 1.5, respectively, and glass refractive index ng =15. The solid

line stands for the mesoscopic model and the dotted line for the macroscopic one.

For the A- dependence we observe the following:

&

to

The range of validity of the model is restricted to the interval 0<A<0.3, as
shown in Fig. 2.

The macroscopic medium is biaxial. However, in its range of validity the
biaxiality is very small and the optic axes are nearly coincident.
Practically, the most important optical etfect induced by the field is
therefore a simple rotation of the effective optic axis, as generally
assumed in the literature. For instance, for A= 0.3 and with the parameters
defined in Fig.2 the rotation angle is equal to 12",

The medium displays optical activity. a fact that in principle could give
important macroscopic effects along the optic axis, whose direction
depends on A. The structure of the chirality tensor is such that the optical
rotation is zero for light propagating along the z-axis and maximum along
the orthogonal directions. For A = 0 (undeformed chiral smectics), the
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macroscopic optic axis is parallel to z and the optical rotation generally
gives negligible effects. For the deformed medium, the optical rotation for
light propagating along the new optic axis could in principle be
considerably higher, but within the considered A-range the effect is too
small to have practical consequences (Fig. 3).

0. l() v T T T T T

@
(3]
T

0.041

Rotation angle (deg)
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o

0.00
0 160
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Figure 3 Rotation angle of the output polarization as a function of the normalized sample
thickness for incident angle @, = 257 cqual to the angle of the optic axis for A = 0.3, and

the same parameters as in Fig, 2.

CONCLUSIONS

The structure of the deformed short pitch SmC* liquid crystal can be well
approximated with a simple mathematical expression. Based on this
approximation, an homogeneous model has been presented and its limits of
validity verified for A< 0.3 (E/E~ <0.5) and for p smaller than half the
internal wavelength. The medium presents an optical biaxiality and a true
optical activity, but this effect seems to be too small to have relevant
consequences for applications. Practically, the main effect of the electric field
is to rotate the macroscopic optic axis. Explicit expressions for the
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macroscopic dielectric tensor are given, allowing to calculate the rotation
angle as a function of the electric field.
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