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Modulations in the diffracted intensity in chiral smectic-C liquid crystals
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Recently[K. A. Suresh, Yuvaraj Sah, P. B. Sunil Kumar, and G. S. Ranganath, Phys. Rev/2,e2863
(1994)] the intensity and polarization features associated with the optical diffraction in chiral sr@eligcid
crystal were studied in the phase grating mode. In the computations it was found that the diffracted intensity,
as a function of sample thickness, has modulations of different length scales. In this paper, using a perturbative
approach, we show that these modulations are a consequence of a coupling between different orders of
scattering[S1063-651X96)07608-9

PACS numbds): 42.70.Df, 42.25.Fx, 61.36.v

The chiral smecti liquid crystal(Sm-C*) has a helical e,, e, h,, andh, are submatrices of the infinite column
stack of molecular layers. In each layer the molecules arenatrix W (z) at any pointz and contain the various Fourier
uniformly tilted at a constant angle with respect to the layercomponents of the transverse field. Algg=2/\, \ being
normal. The optical periodicity of Sr6*, in general, corre-  he wavelength of the incident light. The propagation matrix
sponds to a 2 rotation of the index ellipsoid. For the light [ is an infinite square matriit,3].
propagation perpendicular to the twist axis the medium acts  A¢cqrding to the modal analysis of Galatola, Oldano, and
as a one-dimensional phase grating resulting in the d|1‘fracsuniI Kumar[3], the solution of Eq(1) is
tion of light. '

An earlier paper[1] presented some experimental and W (d)=exnik-dD)¥(0)=UW(0 2
theoretical studies on the diffraction of light in SGi- in this (d) HikodD)(0) 0)- @
mode. There the experimentally observed intensity and poggyally it is convenient to writd’ (z) in terms of the modes
larization features were accounted for by applying the rigory, the ‘hounding isotropic media. We assume the bounding
ous th_e(()jr_y of clj?ol:]ush[ma and (};mak_[@]' Tt(wje corr?puta- region to have the refractive index equal o, ¢ n,)/2, i.e.,
tions indicated that in any difiraction order there A€ ihe mean refractive index of the S@& medium. Heren,

modulations in the diffracted intensity as a function of dn, are the princiole values of the local index ellipsoid
sample thickness. The period of these modulations depen 2 e p pe . P :
enW(2z) in these regions can be written as

on the order of diffraction, geometry of diffraction, and ma-
terial parameters. In this paper, using a perturbation tech- V(2)=Té(2) 3)
nigue, we show that these modulations are the consequence '
of coupling between different orders of scattering.

The Rokushima-YamakitgdRY) theory has been dis-

cussed in detail elsewhef&,3]. Here we present the theory . . : )
briefly. We consider SnG* with its twist axis along they lar order andT is the matrix having the elements;, which

direction. When a linearly polarized plane wave front is in-2'¢ thelth component of thgth eigenvector of the bounding
cident in thez direction normal to the twist axis, the medium !S0tropic media. The columns of tiematrix are arranged in
acts as a one-dimensional phase grating with the grating ve&l€ same order as i(z). Then, from Eq(2), for a sample
tor along they direction. Here we assume the medium to beOf thicknessd we get

infinite in extent in thexy plane and to have a thicknedsn

where ¢(z) is the column vector containing the strength of
different modes in the isotropic media arranged in a particu-

_T-1 -
the z direction. We can writd2,3] Maxwell's equations in $(d) =T "UTH(0)=S¢(0). 4
the form The matrixS is called the scattering matrix and it can yield
dv(z) =ik, DV (2) (1) the features of the diffraction pattern. The vec#d0) is the
dz 0 ' sum of the reflected and incident components, wihi{d) is
where the transmitted component. Thus we write
e
hX $(0)=;+ i, )
y
V(z)= .
(D=1 $(d)=g. ®)
hx According to the standard procedyi®, from Egs.(4)—(6)
we get
*Present address: College of Military Engineering, Pune 411 031, b =Rdei, =T, (7
India.
TPresent address: Institute of Mathematical Sciences, MadrawhereR and7 are the reflection and transmission matrices,
600 113, India. respectively.
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ds .
e ikoGS. 9)
The matrixG can be written as a sum of its diagonal matrix
G, and an off-diagonal matrig. G, contains the strength of
the zeroth-order Fourier components of the dielectric tensor
of an effective homogeneous anisotropic medium. The ma-
trix g contains the strength of the higher-order Fourier com-
ponents that arises due to thedependence part of the di-
electric tensor. It may be noticed that, mathematically, the
above equation is rather analogous to the time-dependent
Schralinger equation4] wherein—i/# is equivalent tak,
and the time evolution is equivalent to the thickness variation
of the grating in thez direction. Based on this analogy, we
use the time-dependent perturbation method of quantum me-
chanicg[4] to solve this problem.

The first-, second-, and third-order scattering contribu-
tions to the amplitude of the diffracted Iight,Agl),j ,

(As“),j, and QAS”I)”, from the Ith and thejth scattered
waves are given by

0.05

d
0.00 ' 250 ; (As)jj :ikof dz exd ikoE;(d—2)]g;jexplikoE;2),
d(pm) 0 10
FIG. 1. Computed normalized intensityfor the first-order dif- o d z )
fraction as a function of sample thickness fay the HH andHV (As,)ij=(iko) > f dzf dz'exfikoE;(d—2)]gjk
geometries, andb) the VH andVV geometries. Here, in thelV k. Jo 0
and VH geometries one can see modulations of periods 250, 25, X exfikoEx(z—2") ]gwexp(ikoE '), (11)

and 4um. In theHH geometry modulations of periods 250 and 25

pum can be seen. The parameters used in the calculation are pitch d 2 S
p=5 um, n;=1.535,n,=1.715, A=0.633 um, and tilt angle (As )i=(ikg)?Y, > | dz| dz' |  dZ’
0=18°. 171 k m 0 0 0

In Figs. Xa) and ib) we have given the computed inten- X exLikoE;(d=2)]g;kexr ikoEx(z=2")18km
sity of the fi_rst_-order diffra_\ction in different geometries us_ing xexdiko(z' —2") JgmexpikoE,2"). (12
the transmission matrix in Eq7). One can notice that, in
Fig. 1(a) for the HV geometry(i.e., the incident wave with The summations are over all the scattered waves. The ele-
the TM polarization and the diffracted wave analyzed for thementg; of the g matrix represents the coupling between the
TE polarization, the diffracted intensity has fine fringes of Ith and thejth-order diffracted wavesE, and E; are the
width 4 um with intensity modulation of periods of about 25 eigenvalues of the corresponding waves of a particular po-
and 250um. For theHH geometry(i.e., the incident wave larization in the effective homogeneous anisotropic medium.
with the TM polarization and the diffracted wave also ana- The matrixg can be treated as a perturbation over the
lyzed for the TM polarizationthe periods of the modulation matrix Gg. In our case thg matrix does not explicitly de-
are 250 and 25.m. Also for theVH geometry[Fig. 1(b)],  pend onz, so the integrals in Eq$10)—(12) can be analyti-
one may again notice such modulations in the intensity. Suchally solved. They give, respectively, the first-, second-, and
effects are also present in second order. We use a perturbtird-order scattering contributions to the amplitude of the
tion technique[3] to account for these modulations. This diffracted wave for a particular polarization. Figure
technique is a simpler but approximate method of computing(@ shows the contributions of different orders
the diffracted intensity from the scattering matfx In this (ASI,AS”,ASM, ... ) of perturbations to the intensity of the

procedure we look at the propagation equation forStrea- first-order diffraction due to the coupling between zeroth-
trix. To get this propagation equation, we start with E@.  order diffracted TM and first-order diffracted TE polariza-

and (1) to get tions, respectively IV geometry. We see that the first-
g order perturbatiorﬂ(ASI)OH1V|2] results only in the fine
ﬁ(z) =ikoG¢(2), (8) modulations of 4 um. The third-order perturbation

z

[|(ASI)OH1V+(ASII)OH1V+(ASIII)OHlvlz] leads to modulation

where¢(2) = S¢(0) at any poiniz andG is a new propaga- with a Iarg%r period of 254n. Figure Zb) shows the first-
tion matrix. Sincel matrix is independent of, G is equal to [|(ASI)OH1H| ] and  third- [|(ASI)OH1H+(ASII)OH1H
T-1DT. From Eq.(8) we can get the propagation equation + (As, )o,1,,|°] order perturbation contributions to the inten-
for the scattering matri as sity in the first-order diffraction due to the coupling between
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FIG. 2. Normalized intensity of the first-order diffraction as a d (um)

function of sample thickness computed using a perturbation theory
for (a) the HV geometry andb) the HH geometry. The full line
represents the contribution from the first-

om the RY theory. The dashed line represents the calculation from
1e perturbation theory with contributions up to the third order to
the diffracted intensity.

peaks of the dashed curve as a guide to the eye to show the 2
wum modulation.

10° times weaker as compared to transmittance. We also find
that the boundary effects do not alter the scale of the modu-
]Jations present in the diffracted intensity.

In Fig. 3 we have given the intensities obtained from the

the zeroth-order TM polarization and the first-order TM po-
larization HH geometry. Here we find that the first-order
perturbation contribution corresponds to the modulation o

the 250um period and the third-order perturbation has, in . . .
addition, the modulation of the 2&m period seen in Fig, RY theory and the perturbaﬂon_theory for d_|rect comparison.
One can see that the perturbation calculations are valid only
1(a) for the HH geometry. For the parameters that we used ; . S ;
f{)r thin samples. Also the discrepancy in intensity can be

the contributions due to second-order perturbation are ng ; ; ;
very different from those due to the first-order perturbation.p"mIy attributed to the fact that in the perturbation theory,

. . . .~ “contributions up to third order only have been considered.
We would like to mention that the perturbation technique X . . - .
. However, this technique gives a qualitative understanding of
does not incorporate the effect of reflectance. However, w

find from the rigorous theory that the reflectance effects arf[j.1 e modulations in the diffracted intensity obtained from the
- . . Figorous theory.
negligible as can be calculated from the reflection matrix

[Eq. (7)]. For the material parameters used, our calculations We are thankful to G. S. Ranganath for many useful dis-
show that the contribution from diffraction to reflectance iscussions.
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