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GUn;lxD H;&CTROMAGNE2IC WAVES OF HIGHER ORDERS 
I N  CH0I;ESTERIC LIQUID CRYSTALS 

A.I.PLIS and C.I.SHILINA 
Moscow Fower Engineering Inst itute, 
Krasnokasarmennay 14, 1250 MOSCOW, UL%R 

(Received October 10, 1991) 

Abstract Guided eleotmmagnetic waves ( G M )  of 
optical frequency range in cholesteric liquid 
crystals ( C L C )  01 finite thickness in oonditions of 
total internal reflection on both boundaries are 
theoretically examined. Two kinds of interfaae are 
discussed : CLC - metal, CLC - dielectric. It's shown 
that in such films two types of waves can propagate: 
damped and undamped modes. The main characteristics of 
GEW of the both types have been investigated in 
detail, the domains of the existence have been 
determined. Tne oomparative analysis of GEW and 
susface waves of semi-inf inite samples has beer! done. 

INTRODLTCTION 

Electromagnetic surface waves at an lnterface between 
homogeneous and periodic media have been investigated in 
several papers'-". Their appearance is determined by two 
effects: total internal reflection 3t the boundary and 
diffraction reflection at the periodic medium (in our case 
at CLC ) . 

The depth of penetration of the surface wave into CM: 
may be large, and the influence of the second boundary (if 
it present) became essential. It is reason the dispersion 
law is changing compared with the case of surface waves in 
semi-infinite samples. Besides, it can be expected that 
eigen modes exist in the structures of finite thickness. 
The investigation of the properties of such waves is also 
practically interestins. In the present report GEW of the 
second order diffraction reflection, arising in CLC film 
of finite thickness on condition of total internal 
reflection on both boundaries are examined. The dispersion 
laws Tor the most importmt types of the boundaries are 
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A. I. PUS AND G. I. SHILINA 

proposed : CLC - metal, CLC - dielectrio. The 
investigation of the problem is carried out for planar 
cholesteric texture within the framework of the two-wave 
dynamic diffraction theory of CLC optics. 

MAIN EQUATIONS 

Bxamine GBW-in a planar CLC film of thickness h surrounded 
by isotropic homogeneous media with dielectric constant 
and E~ . 
presented 

The dielectric tensor of CLC film may be 
in the form: 

h 

& =  

- - 
E +E6cos(Tz-2cp) E6sin (Tz-2q) 0 

where 'I; - the CLC reciprocal lattice vector of the 
dielectric tensor CLC, Q - dielectric anisotropy, cp 
- the angle between x-axis and the director at the CLC 
surface z=O. 

It is assumed that the magnetic permeability of CLC 
is equal to unity. It is assumed also that the total 
internal reflection takes place on the both boundaries. 
Rigen modes of second order of diffraction scattering of 
light in CLC are linearly polarized5 . The are three 
polarization cases of Bloch waves' components : 1.  I3 - IS, 
2. II; - 7[; , 3. 0 - 'it ( K  - ci ) (where 0 and 76 are 
the conventional notations for linear polarizations). 
Cases 1 and 2 are analogous to TCE and TH waves, 
arising in periodical waveguides with scalar dielectric 
penetration * .  Case 3 differs from these two cases, that's 
why we are examine GEW of (a - p )  - polarization in 
detail (then we are call these modes as a mixed 
polarization modes), giving here only some more important 
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GUIDED ELFCTROMAGNETIC WAVES IN CHOLESTERICS [307]/21 

results for case of CT and 7C polarizations. 

along the x-axis. 

be written in the form of superposition of four eigen 
solutions: 

We examine monochromatsc waves, freqiaencg, g r o p w t i n g  

For the case of the mixed polarization field I?, should 

where Aq and t. ( diffraction aorreotions t o  the wave 
vectors ) satisfy the following relations: 

3 

.6z sinf3 
1- - ) = -  a+i7, ( - -  

2T 2 4 sin@m 
d 6  * 

t=-t = - -  

t3 = -ti, t4 = -t2, sin' 6 = .r;'c'/Z~~ 

Vectors eo and e2 are 0 - or 71; - polarized unit 
veators and e e 

O J  = J  
The expression f o r  the f i e l d s  in t h e  homogeneous media 

take Lhe following form: 
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2 " l  A. I. PUS AND G .  I. SHILINA 

where the index j=1,2 corresponds to the quantities in 
the homogeneous media above and rtnder the film, and x, y, 
z are the unit vectors along corresponding axis. We 
obtain the dispersion equation for CBW from the 
continuity conditions on tangential components of 
electric and magnetic fields at the both boundaries. It 
looks like 

* A  

c 

where 
A~, = (l+iv , 

J 

For the case u- and 77;- polarizations these equations 
a r e  extremely simple, but nevertheless they can't be 
solved malyt ically. 

F o r  case of u -polarization dkpersbn eqdat ion is 

2(pcp2?;h 2Fp+2?;h Th 
- ?;sin Ie =(I 

(7 1 

2 P 8  
+ ?;sin Tl[72cos 2 

2 w  
[7tc1xs - 2 

F o r  this case diffraction corrections Aq and 7 to the 
wave vectors satisfy the I'ollowing relations: 
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GUIDELl ELECJROMAGNETIC WAVES IN CHOLESTERICS [3091/23 

To obtain dispersion equation f o r  a-polarization it 
is necessary to ahange 7, t o  &/Em . The Aq and 7 may be 
obtained from formula (8) by multiplying right parts on 
sinzeB . 

For cases of 0 - and a- polarization the SGBW field 
may be looked for  in form (2) where the summation is 

O J '  
carried out two eigen optical modes ( j =1,2) with e 
e = 0, 76 and eo,II e Z J  . 

To obtain the solution of our  problem it is necessary 
to find parameter P from dispersion equations (5,7,8). 
This parameter defines diffraction corrections to the wave 
vectors and the magnitude of electrio fields and it 
depends on the frequency, director orientation at the 
boundary e=O and the film thickness. 

2 1  

GI% MAIN PROPERPIE; 

A s  it has been mentioned above f o r  all cases of 
polarization two types of GEW can exist in CMI film : 

damped modes analogous to surface waves in 
semi-infinite media and undamped waves with slowly 
changing magnitude according to the harmonic law. 

The damped waves are  described by a real parameter 
(3 and the undamped modes - by imaginary. There are only 
two damped modes and infinite numbers of undamped modes 
fo r  each 

Each of the damped modes aan propagate in limited 
angular sectors i.e. the forbidden directions of 
propagation exist f o r  such modes. However one of them 
can propagate in all directions. The permitted 

kin& of yulaTieatior A 
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M3101 A. I. w s  AND G. r. SUA 

directions of propagation of each of two damped modes are 
shown at figure 1. 

cp" 
I 

FIGURE 1 Diffraction comation to x-component of 
wave vectors vs the director's orientation at the 
surface z = 0. 

the damped modes ; I--- the undamped modes. 
E=l.5,  EL=l  - 0 ,  Q ~ 0 . 0 5 ,  h=40076 -1, W/C2 =I . 6 .  

The dependencies of the diffraction corrections to 
wave vectors on the angle between the direction of wave 
propagation and the orientation of the director at the 
surface z = 0 are shown at figures 1,2. The undamped 
waves exist in the regions forbidden for the damped modes 
(fig. 2). It's typical for all oases of polarization. 
Points, where types of GWE change, connected by the 
equations: 

~0~(4cpt2'ch)= - [(bh)' (R2+QZ)I-i* 

Cf(R'+ QZ)cos(2Th) + RQsin(22h)l 

[(bh)'-lI 7 2bh[(R2- Qz)sin(2'ch) - RQcos(2'ch)l + 

[(?If- N 2 ) C O S ( 2 a h )  + 2rnSin(2ah)ll, (9 1 
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GUJDED ELECIROMAGNETIC WAVES IN CHOLESTERICS [3111/25 

where 

It should be mentioned that the zones of damped and 
undamped modes ahange theb forms with the change of the 
frequency, and in the aase of mixed polarization their 
number may be varied. A variation of the thickness by one 
period of dieleatric properties gives the same effects. 

FIGURE 2 Diffraction comeotion t o  x-component of 
wave veators vs the direator's orientation at the 
surface z = 0. - the damped modes ; ----- the 
undamped modes. 

Let's stop and speak about the distribution of the 
field with the film thiakness for the waves of 
all types of polarization. In all three Oases this 
distribution is a modulated sinusoid of a space 
frequency . Its envelope depends on the type of the 
eigen mode . For 0- and%- polarizations the envelope 
will be either a damped exponent for surface waves, or a 
law-frequenog sinusoid for  undamped waves. For a 
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261[312] A. I. PLIS AND G. I. SHILINA 

mixed polarization the envelope is a law-frequency sinusoid 
with a constant or exponential decreasing amplitude. All 
these peculiarities are shown on the figures 3 (for damped 
modes) and 4 (for undamped modes) . 

The aase when the film boundaries are metallized oan 

be touahed upon. In this aase the dispersion 
equations are simpler, but nevertheless they demand also a 
numerical solution. Main properties of eigen modes of 
metallized film are the same as its for dieleotric film. 
A l l  results fur the metallized film w i l l  be published in a 
separate paper. 

FIGURE 3 The field distribution inside the CLC f i l m  
for the damped modes of mixed polarization. 
E=l .5, &i=l .O, 6 =0.(35, h=40OX -1 , W/OT =I .6 .  

CONCLUSION 

The analytical and numeral investigations of GEW of the 
second diffraction order in cholesteric film reveal an 
existence of two types modes: damped and undamped. Damped 
modes analopus to the surfaae modes in semi-infinite 
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GUIDED ELECTROMAGNETIC WAVES IN CHOLESTERICS [3 131127 

media. Undamped modes never exist in semi-infinite media, 
they are eigen modes of the film. There are only two damped 
modes and infinite number undamped modes. Allowed 
propagation direction of damped modes aomelate with an 
existencle domain of the surface modes on the both 
boundaries of the film. As for the case of the 
semi-infinite media there are forbidden directions f o r  
propagation damped CEW. !Two undamped modes exist in 

2,0 

1,8 

0,8 

-1,0 

-2,8 
-1488 -1208 -1688 -886 -668 -400 -288 288 

ir 

PTGIIRF: 4 The field dktribntkn inside the CLC 
film for the undamped modes of mixed polarization. 
E4.5, &,=I - 0 ,  6 ~ 0 . 0 5 ,  h=40Mc -1, W/O% =1.6. 

forbidden f o r  damped modes zones. Points, where type of GEW 
change , l3y on the 'surface of change type', its equation 
depends on propagation direction, frequency and thiclmess 
of the film. 
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