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DETERMINATION OF THE DIRECTOR ORIENTATION IN-
SIDE A HYBRID NEMATIC CELL BY TOTAL INTERNAL
REFLECTION

FRANCESCO BLOISI, LUCIANO R. M. VICARI,
FRANCESCO SIMONI

Dipartimento di Scienze Fisiche
Universita di Napoli, Piazzale Tecchio 80
80125 NAPOLI - ITALY

Abstract In this paper we report computer cal-
culations of the reflectivity of a hybrid
nematic cell near the condition of total in-
cernal reflection. The Berreman matrices
method allows us to drop the approximations
used in previous papers. In this way we get
details about the interference pattern arising
when the total internal reflection occurs in-
s5ide the sample. We show how the reflectivity
curve 1s affected by the director orientation
which in a hybrid cell is essentially due to
che boundary conditions. Our results suggest
that measurements of this reflection pattern
can give detailed information about the local
director orientation.

INTRODUCTION

Total internal reflection (TIR) has been used in
the = past vears to measufe liguid crystal
properties such as refractive indexes® and pretilt
angles® of the boundary layers.

Recently some authors have discussed the fea-
tures of the interference pattern observed in the
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beam reflected or transmitted by a liquid crystal
near the critical angle of total reflection® con-
necting the fringes position to the distortion in-
duced by a magnetic field in the sample®. The TIR
method has also been used to study the Poiseuille
flow in a nematic liquid crystal® introducing ap-
proximations able to describe that case. In this
paper we use exact matrix calculations to study
how the reflection pattern of a hybrid nematic
liquid crystal cell depends on the director orien-
tation inside the sample.

Here we present the results of computer cal-
culations of the reflectivity of a hybrid nematic
cell near the TIR condition. The Berreman® matrix
method has been used to work out the reflectivity
of the anisotropic inhomogeneous structure. The
calculation has been performed for several dif- -
ferent director orientation distributions inside
the sample and different pretilt angles at the
boundary. We find that the reflectivity pattern
gives 1local information on the director orienta-
tion when the TIR condition is obtained inside the
sample. This result suggests that measurements of
this reflection pattern may allow to draw a map of
the director orientation giving the tilt angle of

the director in each laver.
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THEORY

We consider a hybrid nematic sample with distor-
tion in the (x,z) plane, the liquid crystal layers
normal to the 2z axis and we define ®(z) the tilt
angle in the layer between the z axis and the 1lo-
cal director orientation. The liquid crystal is
surrounded by an isotropic and homogeneous medium
with refractive index n;, and a TM plane wave is
impinging on the liquid crystal with an incidence
angle ©;. The incidence occurs on the homeotropic
side of the sample. In this geometry the matrix
method introduced by Berreman can be applied to
work out the reflectivity of such a sample.

The liguid crystal is divided in m layers,
each layer being homogeneous but anisotropic. The
transformation matrix for a layer of thickness h
located at z has been obtained after a lengthy but
straightforward calculation:

X4 COS X, i(a/b)x, sin x, 0 0
i{b/a)x, sin x, ¥, COS X, 0 0
P(h,z2)=
0 0 cos x, i{l/v)sin x,
0 ] i v sin x, oS X,

with the following definitions

Xy = ko abh ; X = kg v h
X3 = expl(i ko s h)

[ l niz Sinzei ]1/2
€. + (Eo-e8.) CcOS2d
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b = [ €o, + {eo-e.) sinz2d
( (e.-e.) sin ® cos & )2 ]1/2
€, + (Ea~t.) coOs2d
, (e.-€.) sin ® cos &
S = - n; sin 8,
e, + (e.-e,)cos2d
v o= ( e = n;2 sin2@, )t7=

where ko, is the wavenumber in vacuum, e. and e,
are respectively the extraordinary and ordinary
complex dielectric constants of the liguid
crystal.

The matrix P(h,z) allows us to calculate the

electromagnetic field in the usual way

@¢(zo) = P( z2o-2, , (22%2.)/2 )  ¢(z,)
where
E..
p— Hy
g = B
"Hx

If a sample of thickness d is assumed to be
made by m successive homogeneous anisotropic
layers of thickness h the transformation matrix F
of the whole sample may be computed as the product
of m matrices P(h,z5), where z, 1s the location of
the j-th layer. The reflection and the transmis-
sion coefficients are obtained by simple algebraic

relations coming from the continuity conditions
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for the fields. Let us consider an extraordinary
wave. If I,R and T are the x components respec-
tively of the incident, reflected and transmitted

electric field amplitudes we get

T f.. ( I+R )+ £, 1,(I -R)
riT=f21(I+R)+f22rl(I—R)

where fi5 are elements of F and
r; = H,/R, = n,/cos ©;. Then it is straightforward

to obtain the reflection coefficient:

ry (fi2 ry - £52) + (f14 rs - £24)

r;y (f.- ry - fo2) - (£11 rye - £241)

R/I =

In the following we are concerned with the in-
tensity reflectivity r = |R/I|2.

RESULTS AND DISCUSSION

A typical plot of the reflectivity vs. the in-
cidence angle 1is shown in Fig.l. The parameters
used in the calculations are: 4 = 25um, n; = 1.9,
€« = 3.01 + 1i0.0001, e, = 2.38 + 10.0001,
ko = 2m/0.5145 (um)‘l, m = 100. Calculations per-
formed with higher number of layers lead to negli-
gible wvariations of the results. The imaginary
part of the dielectric constant has been intro-
duced to take into account the scattering losses
in the liquid crystal. Its value is in adreement

with the one usually observed in nematic liquid
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FIG.1l. fTypical reflectivity pattern. Inset is an enhancement of boxed arca.
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crystals; anyway it is not critical to get the ef-
fects reported below”.

Three different regions are easily observed.
For incidence angle ©; < ©; = 54.3° we have the
transmission region and the well known inter-
ference fringes studied by Eidner et al®*-?. These
fringes are not resolved in this figure. They are
the typical ones of a Fabry-Perot cavity. At
®; = ©, we get the TIR condition at the second in-
terface liquid crystal-glass, therefore we observe
a sharp rise in reflectivity which anyway keeps a
value 1lower than unity because of the scattering
losses. The range ©, < 8; < 8, = 65.9° corresponds
to the occurrence of TIR inside the ligquid
crystal: by varying the incidence angle, the z
location where TIR occurs changes because of the
different director orientations. For 6; > 0, we
get total reflection at the first interface
glass-1liquid crystal, hence the reflectivity is 1.

In this paper we are interested in the second
region. In Fig.2 it has been considered in more
detail. Two different director orientation &(z)
are shown together with the correspondent reflec-
tion patterns 1in the range of TIR occurrence in-
side the 1liquid crystal. It is clear how a small
change 1in the director distribution affects both
number and contrast ratio of the observed fringes.

A very lnteresting feature is clarified in
Fig.3 where the fringes correspondent to the same
region of incidence angles are reported for the
two director distributions ®(z) of the inset.
These "probe" distributions change abruptly in the
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FIG.2. Reflectivity pat-
terns when TIR occurs inside the
liquid crystal. 1Inset shows the
co:respondént director orienta-

tion distributions.

25 UWIm



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:42 19 February 2013

DIRECTOR ORIENTATION DETERMINATION BY TIR

A

i WY W M

|

-
ERER—

i
V‘M

d

S8

07

b
.

gt

W

55°

6b° 0 i 650

FIG.3. Reflectivity pat-
terns correspondent to two
"probe" director orientation
distributions whose slopes

change abruptly.
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middle of the sample and after that they keep a
different slope.This sudden change is observed
even in the reflection curve and is more evident
for case b) where the slope variation is bigger.
It is interesting to notice that the fringes in
the region ©; > 8" are exactly the same for the
two cases and they come from the sample region
where &(z) is the same. In the region 6, < @~
reflectivity patterns are clearly different as it
1s for &(z).

It must be stressed that @° is the same in
both cases while, of course, two different angles
®, correspond to the different tilt angles ¢ at
d = 25um. Moreover further calculations not
reported here have shown that a change in the
location of the discontinuity of &(z) produces a
correspondent change in the value of 8°. This ex-
ample shows that the fringe pattern due to TIR in-
side the sample gives information about the
"local" director orientation. This 1is the main
result of our calculation. It suggests that a
measurement of this reflectivity pattern can allow
to draw the function $(z), leading also to the
knowledge of the pretilt angles at the boundaries.
In order to accomplish this goal one needs to work
out the inverse calculation to obtain the function
®(z) from the reflectivity pattern. Work is in
progress to follow this idea.

In conclusion we have reported the calculated
reflectivity pattern for a hybrid nematic cell

near the total internal reflection. We have shown
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how the fringes, which come from TIR inside the
sample, give the knowledge of the local director
orientation.

We acknowledge the encouraging discussions

with C. Oldanc.
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