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SURFACE GUIDED ELECTROMAGNETIC WAVES OF HIGHER
DIFFRACTION ORDERS IN CHOLESTERICS

V.A.BELYAKOV and G.I.SHILINA
Al11-Union Surface and Vacuum Research Centre,
Andreevskaya nab.2, 117334 Moscow, USSR

(Received October 10, 1991)

Abstract tical surface guided electromagnetic
waves (SG of the second order diffraction 1in
cholesterics are examined in the framework of dynamical
diffraction theory. The dispersion equations are
obtained and analyzed. Allowed SGEW frequency band and
directions of propagatlon (relative to the orilentation
of director at the cholesteric surface) are found. The
dependence of SGEW penetration in cholesteric on the
frequency and propagatlon direction 1s investigated. It
is shown that iwo ol the four different SGEW modes of
the second diffractlon order have unusual polarization
properties changing with the SGEW frequency.

INTRODUCTION

Surface guided electromagnetic waves (SGEW) at an
interface of homogeneous and periodic medla are due to
total Internal reflection at the boundary with the
homogeneous media and diffractlon reflection from the bulk
of periodic media. SGEW at cholesteric surfaces for the
first order of diffraction were Investigated by several
authors‘™ . In the cited papers restrictlons on the SGEW
propagation directlons (relative to the orlentation of
director at the cholesteric surface) and 1ts unusual
polarization (elliptical in the general case) were found.
However, the mentloned results were obtalned by the
numerical methods because of mathematical complexity of the
problem.

In the present paper SGEW of the second order
diffraction In cholesterics are examined and an
approximate solution valid in the problem i1s found Iin an
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analytical form. This solution simplifles general analysis
of the problem as well as analysls of specific cases. The
simplicity of the solution for SGEW in second (and higher)
order diffractlon 1s explained by decoupling of linear
polarizations (of corresponding equations)in the elgenmodes
for the higher orders diffraction optical problem for
cholesterics® .

BASIC EQUATTONS

We examine SGEW at an Interface of a homogeneous media
and a planar cholesteric texture due to the second order
Bragg diffraction. We use a coordinate system 1In which a
semi-infinite isotropic homogeneous medium with dielectric
constant =, 1lles In the reglon for z>0, the semi-infinite
cholesteric medium In the reglon for 2<0, and thelr
Interface coilncides with the x-y plane. The cholesteric
dielectric tensor 1s given by the formula:

£ + £6C0S(TZ-2¢) e6sin(rg-2¢) O
2. s68in(rz-2¢) =z - z6co8(v2-2¢) O |, (1)
0 0 £,
Ey + & Ey — F
where —-_;H___J_: S5 = _n_.._._:
2 gy + &)

£y, £, are the principal values of the dielectric
tensor, T 1s the reciprocal 1lattice vector of the
cholesteric structure, which 1s connected with the pitch p
by the relation = = 4n/p, ¢ 1s the angle between x-axis and
the director at the cholesteric surface, &6 1s the
dielectric anysotropy.

The approximate SGEW fleld valid 1In the present



Downloaded by [Tomsk State University of Control Systems and Radio] at 14:38 18 February 2013

SURFACE GUIDED ELECTROMAGNETIC WAVES IN CHOLESTERICS [343)/57

problemwill be in the form (the factor exp(-let) 13 omitted
below):

i -r .2 2
E = E‘e qx * » Z>D. ?’1= qz - E;gz (2)
2 1{t—)z i(t. +7)z igx
E=% C(E, e + E,,e e, (3
=1
z<0.

where in (3) the summation 1s carried out over the optical
elgenmodes in the neighbourhood of second order diffraction
condition *, C, are the coefficlents to be determined
together with the SGEW polarization and wave vectors q and
the diffraction corrections to thelr z-component ti.

Note that there 1s a threshold frequency o  for
SGEW, which for the second order diffraction 1s determined
by the formulae « . = cr/(s-c )'"*. SGEW of Ifrequencles
below « . does not exist.

It 1s known * that the optical elgenmodes for second
order diffraction are practically 1inearly polarized and
Eo; » Eg; almost coincide with linear o and = polarization
( ¢ and = correspond to linear polarizations In the plane
of diffraction scattering and perpendicular to this plane,
respectively).

Therefore four possibilities exist for the elgenmode
polarization structure :

1. Eo; and E,, both are o- polarized

and E,; both are =- polarized
E,; and E,; are o- and rn- polarized, respectively
on and Ezj are - and o- polarized, respectively

0}

2.
3.
4.

o~ AND n - POLARIZED SGEW

The simplest solutions for SGEW are for the cases 1
and 2, in which each of the eigenmodes i1s excited iIn the
cholesteric. In each of these cases, SGEW are elther o- or
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n— polarlzed.

Examine the case 1 of o- polarized SGEW. In this
case the expression (3) reduces to (tj.:ir are purely
imaginary):

29+ ( ) t2¢+f9 ( )
i —{r+it)z ~{— —(r-it)z igx
E~C(e 2 e re 2 & " ye T (4)
where
qQ =Qq+aq; Q =x -7 (5)
2
n;= P %’2(1 + 5;- cos®v,) (6)

The parameter w, 1s determined by the relation

2
T
sinfy, = 2 (M)
Aaq and » are comnected by the relations

2q,Aq = i x> ctgv_cos
(8)
2
21y = i ». ctfysinp, -m<p<O

where coss determines the deviation from the Bragg
condition in two-wave approximation‘ and i1s analogous to
the parameter « in the cited work.

The dispersion equation for SGEW 1s obtained from the
continuity conditions for tangentlal components of the
electric and magnetic flelds at the cholesteric boundary
(2=0). In zero approximation at s* the dispersion equation
for o- polarized SGEW takes the form:

! (9)
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2 2
Y = \/E - 81) ‘é’z -+ g- Z(‘gzcoszw‘ (10)

In the analogous way, one obtains the dispersion
equation for =~- polarized SGEW

tg-—2—=—£17’( 1 —gcosws) (11)
TC/w
e NN
NANNNN\Y S/
NN\ Y/
wl AN/
o.oo_: -0 -30 ‘6[ ) © 0 ¢°

FIGURE 1 (Calculated allowed regions of SGEW
- o- polarization, - n- polarization
e=15 , £=1.0, &6=0.06

Graphs of the allowed regions Iin coordinates » - ¢ (
being the wave 1length and ¢ the angle between the
propagation direction and the director at  the cholesteric
surface ) for o- and =— polarized SGEW are presented in
Pig.1. The «— and n- polarized SGEW of second order
diffraction are described practically in the same way as
SGEW in scalar periodic media® ~.
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Note that the role of the phase of dlelectric constant
modulation in the case of cholesteric plays the angle
between the propagation direction and director at the
cholesteric surface (see Fig.2). For any allowed wave-
length , the o- and n- polarized SGEW 1In cholesteric
propagate in an angular sector equal to n/2 the position of
which relative to the direcior orientation at the
cholesteric surface depends on the frequency of SGEW.

r/v6*
8.0

€0

40 A

20 4

w/tC¢

0.0 ¥ T T
1.0 2.0 3.0 4.0 8.0

FIGURE 2 Calculated Ifrequency dependence of
damping of the o- polarized SGEW field for
different propagation directlons.

£ =1.5 » £.° 1.0, & = 0.05

SGE¥ OF MIXED POLARIZATIONS

If the elgenmodes corresponding to elther case3 or 4
are exclted in cholesterics, the solution for SGEW 1s more
complex. In each of these cases, two elgenmodes are
Included in the sum given by Eq.(3). Now the parameters t.
and Aq are connected by the following relations: )
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X 2 2 sing
t = —tz = - E—D- ( 6_— 12
: 27 2 4 sinw'
& @ e coss (12)
8 =- (2 ¢ 2 —
8 4% 4 sinw,

In zeroth order approximation at 6°,in the same way as
above, one obtains the following dispersion equation:

2
y [27%( + £ )%+ Q')
tg(2p+r)= - 1 C % (13)

2
T[2(}’: £ - sxrz)%)z - 6q;]

The graph of the allowed region for the SGEW of
mixed polarizations following Ifrom Eq.(13) 1s given 1in
Flg.3. In this case there are two SGEW modes of different
polarizations. Fach of these modes for any allowed frequency
propagates in an angular sector equal to n/2. The positions
of these sectors relative to the director orientation at

¢/
oa

TC
“ajn

Q.8 o

0.4

a2 4

14
/ , ) o

a0 v ¢

) 7Y 5o 3 F) © %
FIGURE 3 Calculated allowed reglons of mixed
polarization SGEWs. = =1.5 , £=1.0, o =0.05
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the cholesteric surface change with the frequency but the
corresponding sectors are complementary foone another so
that thelr angular sum is equal to = for all frequencies,
perhaps with the excepton a close neighbourhood of the
minimal frequency « . . It means that, in the sum for both
modes, all the directions relative tothe director are
allowed for SGEW propagatlon.

The mixed polarization SGE¥ modes are 1inearly
polarized but thelr polarizatlons are different from o—
and »- polarlzations and change with the SGEW¥ frequency
(linear 1s the polarization of the fleld In homogeneous
medum). The angle ¢ which makes the plane of polarization

4

o‘
-
|

- -
L
L

[
~80 w/tC
1.0 20 30 4.0 8.0 8.0 7.0

PIGURE 4 Calculated Ifrequency dependence oI the
angle ¢ between the plane of polarization of SGEW modes
and the normal to cholesteric surface for the mixed
polarization SGEW. £=15 , £=1.0, 6 =0.05

with the normal to the cholesteric surface 1s determined
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by:

t4
ctg z = b sin v, [81n(2¢+8) + —= cOS(2¢+5) ] (14)

v, T

The dependence of the angle ¢ on frequency for the both
modes 1s shown In Fig. 4

Note that the SGEW flelds are strongly dependent on
the angle between the propagation direction and the
director at the cholesteric surface (z=0). The dependence
of aq on ¢ 1s shown In Fig.5. The dependence of damping (r)
of the SGEW field on ¢ 1s chown in Fig.6. The values of ¢
for which » reduces to zero correspond to points on the
boundary of the allowed reglon of SGEW. The frequency
dependence of » varies also with the SGEW propagation
direction (see Fig. T ). The dependence of Aq on frequency
for the mixed polarization SGEW modes are shown in Fig.8.

' Aq/ &%
o8

0.0 4

s . s, oot iy s e
—— . —— ——

v e e s .

—

18 y — °
vy T -y 3 % ® w ¢

FIGURE 5 (Calculated dependence of Aq (correction to
the SGEW wave vector) for the mixed polarization SGEWs
on the direction of SGEW propagation for different
frequencles. = = 1.5 , £=1.0, & =0.05,x=cw/7C
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CONCLUSION

The analytical Investigations of SGEW of second order
diffraction 1In cholesterics carriled out above reveal some
peculiarities of these waves. Filrst of all, they relate to
their polarization properties. There are four different
SGEW modes which are 1linearly polarized and reasonably
accurate expressions of the SGEW fields Tfor the present
calculation.. Two of them are o- or =»— polarized SGEFW for
which allowed propagation directions relative to the
director at the cholesteric surface makes an angular sector
equal to n/2, thus forbldden for propagation of these SGEW
modes directlons exist. The other two modes are linearly
polarized at an angle to the normal to the cholesteric
surface. The allowed propagation sectors for each of them
are also n/2 but are complementary toone another, 30

Im(t)/=s

s

3.0 1

2.5 A

20

1.8 4

a3 1

a.0

~80 ~80 -3 o x . 0 4°

PIGURE 6 Calculated damping of the mixed polarization
SGEW Tfleld in the depth of cholesteric versus the
SGEW propagation direction for different Irequencles.
e =1.5 , £=1.0, & =0.05, x=w/7C
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Im(t)/v6*

e

13 4

9.8

0.4 o

1.4 18 1.6 1.7 1.8 1.9 20 w/TC

PIGURE 7 Calculated frequency dependence of the
mixed polarization SGEW field damping 1In the
cholesteric depth for dlfferent propagation directions.
£ = 1.5, £=1.0, ¢ =0.05

thatall directions of propagation relative to the director
at the cholesteric surface are covered by these two modes.
Note that the orientatlions of the planes of polarizations
of these two SGEW modes are changing with the frequency.
The relative changes of the wave vector q for all these
four modes are of the order of 6. All the parameters of
SGE¥ of the second order diffraction except
forpolarizations are strongly dependent on the SGEW
propagation dlrection.

The rich varlety of properties of the SGEW of the
second diffractlion order in cholesteric together with the
possibility of thelir analytical description make them an
Intriguing obJect for experimental Iinvestigation.

The propertles of the mlxed polarization SCGFR modes
deserve speclal atteniion. Since 1t 13 possible tec change
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$=-30% 60° p=—457 45°

02 A

-0.2 4

B 5 " 75 3 1 20 @/TC

FIGURE 8 Calculated frequency dependence of Aq
(correctlon to the SGEW wave vector) for the mixed
polarization SGEWs for different propagatlon directions
£ = 1.5, £ = 1.0, 6 = 0.05

the cholesteric structure easlly by a weak external force,
the SGEW 1n cholesterics appears to be promising for the
applications, but here again the 1last words should come
from the experimentallsts.
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