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THEORY OF SURFACE ELECTROMAGNETIC WAVES
IN CHOLESTERIC LIQUID CRYSTALS

S.V.SHIYANOVSKII
Institute for Nuclear Research, Ukrainian
Academy of Sciences, Kiev, 252028, USSR

Abstract This paper is devoted to the study
of the,structure and polarization of the pre-
dicted' surface electromagnetic waves (SEWs),
which can propagate along the interface be-
tween cholesteric liquid crystal (CLC) and a
substrate with small refractive index. It is
shown, that these SEWs are generated effici-
ently by the attenuated total reflection

(ATR) method.

INTRODUCTION

SLiWs are widely used for the investigation of
boundary layers in various mediag. However two
conditions Ei+£z<0, &, EZ<O should be sa-
tisfied for SEW existence on the interface of
homogeneous media.

Cossel predictedz’4 another mode of SEW on the
boundary of the periodic medium, that is analogous

5

to Tamm surface states”. This mode, arising by ef-
fect of Bragg diffractiion in the periodic medium
and total internal reflection in the substrate,has
been observed in stratified structures with iso-
tropic 1ayers4. The study of this mode in media
with nondiagonal succeptibility tensor iz of great
interest, because the wave equation does not reduce

to the scalar form in this case and the number of
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new features should be observed: dependence of dis-
persion curves on propagation direction, the comp-
lex polarization of SEWs et al. The ideal example

0f such a medium is CLC with the helical structure.

DISPERSION CURVES OF SURFACE WAVES

SEWs in homogeneous media are TM-modes. SEWs found

3,4

in papers are TE-modes. SEWs in CLC are neither
TE-modes nor TlM-modes, because decreasing waves in
CLC are elliptically polarized. Therefore all de-
creasing solutions of wave equation in CLC and

substrate should be taken into account

zg.Ej(z)-exp[g(kx—wt)-gj;]

gclc(Z>O)

(1)

ESUB(Z<O) &, 8P 1(kx-wt)+hz]

where Re(gj) >0, he = Kk°- asub-fé’ gj(z+%)=§j(z),
p 1s the helical pitch.

SiWs exist if formulas (1) are consistent and
satisfy four continuity conditions on the boun-
dary (z=0) for tangential components of electiric
and magnetic fields. In this case the conditions
for normal components are satisfied identically
(D= ——-kTC-Hy H, = l‘—v‘v-‘l-Ey ). Continuity of the
electric field is adjusted by EOX and Eoy whereas
two remaining conditions determine the dispersion
curves of SEWs.

The decreasing waves caused by first order
Bragg diffraction appear in the region k7=kB =

B 23 cot 9}3’ where Bragg angle is determined by
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sin 9B = %\/Elc (1 - goos2 QB ) (2)

€ =% (E,+ &), 6= (&-E,)/(&+E)

Three cases are possible as a function of é)B
and mismatch parameter
A= (kg- k) sin®2 GB /[ngU + sin? QB)}
a) no decreasing waves and therefore no SEWs,
b) 1 decreasing wave, c) 2 decreasing waves. Cor-
responding regions are denoted by 0,1,2 in Fig.1.
let us consider the conditions for the exis-~
tence of SEWs 1n regions with decreasing waves.
In the regions 1 for a given angle GB the conti-
nuity conditions determine the value of A and
angle Y between SEW vector k and director N o.
on the interface. Substituting formulas (1) in
boundary conditions one can calculate dependences
A(GB) and W(@B) (curves a and b in Figs. 1 and 2).
In region 2 SEWs in the CLC are the superpo~
sition of two decreasing waves and the ratio of
wave emplitudes is the additional adjustable pa-
rameter for continuity conditions. As a result
the existence ranges for SEWs extend considerably,
because only one condition is surviving for A4
and V/, and one of them may be preset independent-
ly. There are two SEWs for each value of 69B and
QA in region 2. Propagation directions of these
SEWs are determined by angles ¢/, and V. (Fig.2).
The dependences shown in Figs. 1 and 2 were calcu-
lated at ESub/ Elc= 0.4, however features of SEWs
were almost independent of this ratioce
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FPIGURE 1. Regions with different number of
decreasing waves. Dispersion curves of SEWs,
existing in regions 1, are denoted a and b,

PIGURE 2. Propagation directions of SEWs. Deno-
tion as in PFig.1. Regions with different hat-

ching correspond to two directions (angles Lh
and %/2). Propagation is forbidden in unhat-
ched “regions.

Thus the calculation showed that SEWs with
frequency w at w»w,= (6-1)2170‘{8_1—:/9 (QB< Q,‘,
Q1=24.5°) can propagate in any direction, where-
as for w,>w>w,.= 27c &, /(p m) ( 91 <
< QB < Qr- total reflection angle) propagation is
possible in the confined sectors only. The SEW
penetration depth in CLC is of the order of p/§
and depends strongly on the propagation direction.

At w < w., 1o SEW exists.

EXCITATION OF SEWS BY ATR METHOD

The SEWs considered above do not interact with
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radiative modes and propagate along the interface
of the nonabsorbing media without damping. The
phenomenological correction for absorption éflc-*
’*Eﬁlc(1+i3/) provides the imagine addition into
wave vector k-k+i yk/(2cos &.), but the SEW struc-
ture is maintained when &> Y .

The various methods, developed for investiga-
tion of the surface polaritons in homogeneous
media? can be used for SEWs excitation. Let us
consider the ATR method. ATR spectrum can be ob-
tained in the modified Otto configuration (Fig.3),
where half-spherical coupling prism and CIC are
spaced by the thin layer of the isotropic sub-
strate with small permittivity &£ sub <£pr’ £ 1c*
In this case the preset value of A is adjusted by
the light incidence angle 6 and the coupling

prism rotation determines the angle y/.

Jds

— S — — —— a——

-90 0 90 v

PIGURE 3. Excitation of SEWs by the ATR method.
Extremal reflection coefficients Rmax(" --)
and Rmin( _-_—) are calculated at & _ .= elc=2’
ESUb=1’ 9: 8B=4O°, A =0.12, d/p=4, X/(S =0,01.
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The extremal reflection coefficients are
shown in Pig.3 as functions of angle &y at typi-
cal values in the region 2. Two dips are observed
that are corresponding to two SEWs. An ellipti-
cally polarized beam should be used to obtain the
maximum dip. For a linearly polarized beam the
dip amplitudes are about half of the maxima. Thus
SEWs can be excited efficiently by the ATR method.

I wish to thank V.I.Sugakov and V.A.Baliakov
for helpful discussions.
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