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whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.
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POLARIZATION OF WAVE TRANSMITTED THROUGH

A PDLC FILM WITH NANOSIZED DROPLETS

Valery A. Loiko�, Alexander V. Konkolovich

and Alexander A. Miskevich

Institute of Physics of NASB, F.Scaryna ave. 68

Minsk, 220072, Belarus

A method to describe propagation of a linearly polarized plane wave through a

polymer dispersed liquid crystal (PDLC) film is proposed. It is based on the

Foldy-Twersky integral equation and anisotropic dipole approximation. Ellip-

tical and circular polarization, rotation of the polarization plane of a trans-

mitted wave at normal illumination of a PDLC film are investigated.

Keywords: nanosized droplets; polarization; transmitted mode

1. INTRODUCTION

Polymer dispersed liquid crystal (PDLC) films are widely used in optoelec-
tronics to make compact display units, control and modulation of light
beams [1,2]. PDLC films allow one to increase the functional utilities of
optical devices. Nanosized PDLC films open new opportunities to develop
simple constructions of known liquid crystal (LC) devices [3,4].

We have carried out the theoretical analysis of the transformation of a
polarization state of a plane wave, passed through a PDLC film with aligned
nanosized nematic LC droplets. We assume rotational symmetry of the
orientation of LC molecules in a droplet. Elliptic and circular polarization,
rotation of a polarization plane of a transmitted wave are investigated at
normal illumination of a PDLC film by a linearly polarized plane wave.

The problem is considered within the framework of the classical method
of scattering media optics [5,6]. First, a problem of scattering by a separate
LC droplets is solved, and then the coherent field is determined to analyze
the polarization state of a directly transmitted wave. In the proposed
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model, the order parameters characterizing ordering of LC molecules and
droplet directors are used. Such an approach essentially simplifies a sol-
ution to the problem. It allowed us to relate amplitude, phase and polariza-
tion of a transmitted wave with morphological properties of a PDLC film,
optical properties and structure of LC droplets.

The anisotropic dipole approximation [7] is used to determine the ampli-
tude scattering matrix. To calculate a coherent field, an effective amplitude
scattering matrix is introduced. It is determined by averaging the scattering
matrix over the ensemble of LC droplets sizes, shapes and director axes
orientation.

2. BASIC EQUATIONS

Consider a plane-parallel PDLC film with nano-sized liquid crystal droplets.
Introduce a right-handed laboratory coordinate system (x, y, z) with
z- axis directed along the normal to the PDLC film and (x, y) plane coincid-
ing with the surface of the film. Let us assume that the film is illuminated
by a plane wave with unit amplitude along z-axis. It is supposed that the
configuration of droplets directors has a planar orientation near x-axis in
the absence of the applied field. Under an applied field, the droplets direc-
tors reorient towards the direction of the normal to the PDLC film. In a
strong field, all droplets directors are aligned in the same direction along
z-axis and the homeotropic structure of the directors takes place.

Using the model to describe propagation of a coherent field via a PDLC
film [4], we obtain the expressions for coherent field hEi transmitted
through the PDLC film:

hEi ¼ Exex þ Eyey; ð1Þ

Ex;y ¼ ae;o expð�i/e;oÞ; ð2Þ

ae;o ¼
cos a
sin a

� �
exp �ð1=2Þce;ol

� �
; ð3Þ

/e;o ¼ ql ImhSe;oð0Þi; ð4Þ

where ex and ey are the units vectors along x- and y-axes, respectively; a is
the polarization angle between the polarization vector of the incident
wave and x-axis; ce and co are the attenuation coefficients for the extraordi-
nary and ordinary waves; l is the film thickness; q ¼ 2pk�3Nv, k ¼ 2p=kp,
kp is the wavelength of the incident light in the polymer matrix; Nv is
the number of LC droplets per unit volume; hSeð0Þi and hSoð0Þi are the
average amplitudes of scattering at zero scattering angle for the extra-
ordinary and ordinary waves for a single droplet.
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In the Rayleigh approximation for an anisotropic dipole [7], the
average amplitudes of scattering and the attenuation coefficients can be
determined as follows for a spherical droplet with cylindrical symmetry
of the configuration of LC molecular axes:

hSe;oð0Þi ¼ � ik3hvi
4p

eiso
ep

� 1þ 2

3
De SSdSx;y

� �
; ð5Þ

ce;oð0Þ ¼
8

9
hxi4fcvhdi�1 eiso

ep
� 1þ 2

3
De SSdSx;y

� �2

; ð6Þ

where hvi is the average volume of a droplet; eiso¼ð2eo þ eeÞ=3;
De¼ee � eo, ee and eo are the dielectric constants of the LC for ordinary
and extraordinary waves; hxi¼phdi=kp is the average diffraction para-
meter; hdi is the average droplet diameter; kp is the wavelength of the inci-
dent light; f ¼hd3i= hdið Þ3 is the ratio of the third moment of the droplet
size distribution function to the cubic average diameter; cv¼ Nvhvi is the
volume concentration of droplets.

In Equations (5, 6) S and Sd are the molecular and droplet order para-
meters, respectively [2,8]; Sx and Sy are the x-and y-components of the
order parameter tensor. The values of Sx and Sy are connected with z-order
parameter Sz by the expressions:

Sx ¼ 1

2
1� Szð Þg� Szð Þ; ð7aÞ

Sy ¼
1

2
Sz � 1ð Þg� Szð Þ; ð7bÞ

where g ¼ hcos2 ui � hsin2 ui; u is the angle between the principal plane
and plane (x, z) for a droplet; brackets himeans the average over the orien-
tation of droplets directors in the PDLC film. At the transition of droplets
directors from a planar structure to a homeotropic one, the value Sz

changes in the range of �1=2 < Sz < 1. Note, that at cylindrical symmetry
along z-axis or chaotic distribution of droplets directors, values g ¼ 0 and
Sx ¼ Sy.

For the gamma-distribution of droplet diameters d and uniformly distri-
bution of angle u, the following equations take place [9]:

f ¼ ð1þ 2=lÞð1þ 1=lÞ; ð8Þ

g ¼ sin cð2umÞ: ð9Þ

Here l is the gamma-distribution parameter; um is the maximum angle
deviation of the droplet principal plane relative to the plane (x, z).

A PDLC Film with Nanosized Droplets 239=[509]
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Generally, the electric vector of a coherent transmitted wave sweeps the
polarization ellipse with axes turned by angle b with respect to x, y axes.
For the semi-axes A and B of the polarization ellipse we can write:

tg2b ¼ 2aeao

a2
e � a2

o

cosð/o � /eÞ; ð10Þ

A2 ¼ a2
e cos

2 bþ a2
o sin

2 bþ aeao sin 2b cosð/o � /eÞ; ð11Þ

B2 ¼ a2
e sin

2 bþ a2
o cos

2 b� aeao sin 2b cosð/o � /eÞ: ð12Þ

On the basis of Eqs. (10)–(12), it is possible to find ellipsometric para-
meters, namely, azimuth n (angle between the major axis of the ellipse
and x- axis counted clockwise) and ellipticity g (ratio of the small axis of
the ellipse to the major one).

3. RESULTS

The ellipsometric parameters of the coherent transmitted field as a function
of polarization angle a of the incident wave are shown in Figures 1 and 2.

FIGURE 1 Dependence of ellipticity g on polarization angle a at different values of

order parameter Sz. eo ¼ 2:283; ee ¼ 3:028; ep ¼ 2:323; um ¼ 5�; l ¼ 15; l ¼ 41 mm;

hdi ¼ 75 nm; cv ¼ 0:075; S ¼ 0:6; Sd ¼ 0:7; Sz ¼ �0:5 (curve 1); �0.25(2); 0 (3);

0.25 (4); 0.5 (5); 0.75 (6); 1.0 (7).

240=[510] V. A. Loiko et al.
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Phase shift D/ (D/ ¼ /o � /e) changes in range ½p; 0� at the transition of
the directors structure from planar oriented along x-axis (Sx ¼ 1;
Sy ¼ Sz ¼ �1=2) to the homeotropic one (Sz ¼ 1;Sx ¼ Sy ¼ �1=2). This
condition is achieved by a choice of film thickness l.

As seen from Figures 1 and 2, the transformation of the polarization
state from linearly to elliptic and the rotation of the polarization plane of
the incident wave are possible. The linear polarization of the transmitted
wave corresponds to order parameter values Sz equal –1=2 and 1
(D/ ¼ p; 0). At ae ¼ ao and D/ ¼ p=2 (Sz ¼ 0:25), the circular polariza-
tion of the coherent transmitted wave is achieved.

Pay attention that order parameter Sz depends on the applied field [2]
and the range of phase shift D/ ½p; 0� can be achieved at other values of
the order parameter Sz by a choice of the film thickness. Thus, the
solution to the optimization problem of the polarization state transform-
ation in dependence on the applied field and PDLC film parameters is
possible.

FIGURE 2 Dependence of azimuth n on polarization angle a at different values of

order parameter Sz. eo ¼ 2:283; ee ¼ 3:028; ep ¼ 2:323; um ¼ 5�; l ¼ 15; l ¼ 41 mm;

hdi ¼ 75 nm; cv ¼ 0:075; S ¼ 0:6; Sd ¼ 0:7. Sz ¼ �0:5 (curve 1); �0.25(2); 0 (3);

0.5 (4); 0.75 (5); 1.0 (6).
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4. CONCLUSION

The transformations of the polarization state of a plane wave propagating
through a PDLC film caused by the specific orientation of the droplet direc-
tor structure was investigated.

The proposed model enables one to investigate the ellipsometric para-
meters of a coherent transmitted wave in dependence on the applied filed
for different types of LCs.

Obtained results can be used to develop and design polarizers based on
PDLC films with nano-sized droplets.
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