This article was downloaded by: [University of California, San Diego]

On: 20 August 2012, At: 22:01

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals

—— Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Angular Dependences of Prism Liquid

Crystal Polarizer

A. A. Karetnikov 2, A. P. Kavshik ® & Y. I. Rjumtsev

% Institute of Physics of St. Petersburg University, Ulianovskaya 1,
Petrodvorets, St. Petersburg, 198904, Russia

®'S. 1. Vavilov State Optical Institute, Birzhevaya Line 12, St.
Petersbug, 199034, Russia

Version of record first published: 04 Oct 2006

To cite this article: A. A. Karetnikov, A. P. Kavshik & Y. |. Rjumtsev (1997): Angular Dependences of
Prism Liquid Crystal Polarizer, Molecular Crystals and Liquid Crystals Science and Technology. Section
A. Molecular Crystals and Liquid Crystals, 301:1, 283-288

To link to this article: http://dx.doi.org/10.1080/10587259708041778

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708041778
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of California, San Diego] at 22:01 20 August 2012

Mol. Crysi. Lig. Cryst., 1997, Vol. 301, pp. 283-288 © 1997 OPA (Overseas Publishers Association)

Reprints available directly from the publisher Amsterdam B.V. Published in The Netherlands
Photocopying permitted by license only under license by Gordon and Breach Science Publishers
Printed in India

ANGULAR DEPENDENCES OF PRISM LIQUID CRYSTAL
POLARIZER

A.A Karetnikov*, A.P.Kowshik, Y.LRjumtsev.

*S.1. Vavilov State Optical Institute, Birzhevaya Line 12, St.Petersburg,
199034, Russia;

Institute of Physics of St.Petersburg University, Ulianovskaya 1,
Petrodvorets, St Petersburg, 198904, Russia

Abstract The angular dependences of extinction ratio and polarization plane
orientation for prism hiquid crystal polarizers have been measured
for 632.8nm vawelength in the hmits of angular aperture. The
planar and homeotropic orientations of nematic liquid crystal layer
were used.

INTRODUCTION

The knowledge of angular characteristics of linear polarizers is important for
different applications that involve noncollimated or off-axis collimated beams.
For example, precize measurements for multilayer polarizing beam-splitters
cubes (PBSs) were performed by Pezzanity and Chipman.' However, the
angular dependences of broadband prism liquid crystal polarizers (PLCPs)*?
are not investigated. In this paper we report the results of determination of
polarization plane orientation in the exit beam of PLCP and measurements of
extinction ratio as the function of incidence angics onto the entrance face of
polarizer.

EXPERIMENTAL

Figure 1 shows a general scheme of our experimental setup. The lincarly
polarized 1-mm diameter beam from single-mode He-Ne laser (632,8nm)
was additionally "cleared" by Glan-Thompson prism and was incident to the
quarter-wave plate that transformed the linear polarization into circular one,
i.c. imitated the natural nonpolarized beam. Then laser beam passed the
compensator of beam shifting (that arisc from the PLCP rotation), and the
PLCP under investigation. After leaving the polarizer, the laser beam passed
through second Glan-Thompson prism and directed by the collecting lens to
the scattering element, placed before the photomultiplier tbes.
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FIGURE 1 The experimental sctup: S-shutter, G-Glan-Thompson prism,
Q-quarter-wave plate, Co-compensator, L-lens, Sc-scattering
plate, PM-photomultiplier tube.

The PLCP could rotate in two orthogonal plancs with 0.1degree accuracy. The
angjes of turning are depicted in Figure 2

FIGURE 2 The angular coordinates used in experiments :
+y , -y - the angles of sample rotation in horizontal plane and
+¢, ¢ -in vertical planc from normal to entrance face,
Ner -normal to entrance face, Ny - normal to NLC layer.

The determination of polarizaiion plane orientation in exit beam of PLCP
performed by the rotation of second Glan-Thompson prism. The angular
accuracy of this measurements was 0.2 degrec. For the measurement of
angular dependence of contrast ratio, the quarter-wave plate and second Glan-
Thompson prism were removed and tested PLCP was placed in crossed
position with first Glan-Thompson prism. The compensator of beam shifting
was the plancparalie]l giass plate, such that its length along the beam direction
was equal to PLCP length.

The compensator holder was mechanically connected with sample holder
and rotated in opposite directions in the two planes. The scattering plate
integrated the measured signal through the surface of PM photocathode in
order to further reducing the errors connected with possible displacement of
focal spot across the photocathode of PM tube. Finally, to verify the absence
of abovementioned systematic angular error, the second compensator mounted
in sample holder and both compensators rotated in opposite directions in the
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limits of considercd angular ranges.

For this measurements two samples with homeotropic and planar orientation
of NLC were fabricated. Both samplcs were made from identical heavy glass
prisms with 15*15mm aperture. For normal incidence of laser beam onto the
entrance face of PLCP the incidence angle onto the glass-NLC layer interface
was 68 degrees (see Figure 2). The NLC mixture for each type of orientation
was chosen from condition of minimum refraction of transmitted lager beam on
two glass-NLC interface. It means that glass refraction index and NLC
extraordinary refraction index for this beam direction should be approximately
equal.

The main parameters of PLCPs prepared for investigation are listed in
Table I. The angular apertures for both samples are nonsymmetrical (are not
restricted in - direction) due to given condition of magnitudes equality of glass

refraction index and NLC extraordinary refraction index. Angular aperture
values in Table are introduced as doubled magnitude of angular aperture in
+¢ direction.

TABLE 1
Typeof NLC Angle 6 N, N, ne(®) Angular apert. in air
orientation  (degrees) (vert.plane, degrees)
1.Homeotropic 68 1.506 1.674 1.636 4.6
2.Planar 90 1.488 1.642 1.642 10.6
Refraction index 1.644
of glass

Here Ny, N, - is the principal ordinary and extraordinary refraction indeces; 6 is
the angle between the optical axis and beam direction in glass for normal
incidence.

RESULTS AND DISCUSSION -
We have measured the angular dependences for both samples over the ran#
of +/-7 degrees from the normal to entrance faces in horizontal plane and in
vertical plane over the ranges of :

+2/-5 degrees for sample 1

+5/-5 degrees for sample 2
The step of angle variation in this measurements was 1 degree for ¢ and 0.5
degree for .

We have discovered that for the homeotropic orientation of NLC layer the
polarization of transmitted beam remained lincar for all considered y and @
angles. The angular dependences of the polarization plane orientation and
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extinction ratio for homeotropic NLC layer are shown in Figures 3(a) and 3(b)
respectively.

B (deg) R
2t 3L
% 10 \ 1
>2 2
1t L
1- p=2°
- 2-(9::—5“‘
-4
10 i
o - 1y (deg) S “—w(deg)
86 420 2 4 06 8 S b -4-20 2463
{4) (b)

FIGURE 3 P - orientation of polarization plane in exit beam with respect
to orientation in entrance beam (a) and R - extinction ratio
(b) as a functions of y and ¢ angles for homeotropic
orientation of NLC layer.

Figure 3(a) demonstrates turning of polarization plane orientation of exit beam
with changing of y angle from initial =0 value. This turning is caused by the
fact that exit beam polarization direction follows after the optical axis
orientation. In our case the change of visual inclination of optical axis with
respect to horizontal plane and given beam direction takes place when the
sample rotates in this plane. We have observed no dependence of polarization
plane position on ¢ angle over the range of our measurement accuracy.

The angular dependences of extinction ratio (when the PLCP is iflurninated
by the beam with the prohibited polarization direction) is illustrated in
Figure 3(b). The allowed polarization in the exit beam direction appears because
of the appearing of non-zero projection of electric-field vector, that characterize
the direction of beam polarization, onto the optical axis of the NLC layer.
For this type of NLC layer oricntation we observed weak dependence of
ex‘\énction ratio on the @ angle.

For the PLCP with planar orientation we have obtained more complicated
situation. Here initially plane-polarized beam after passing through NLC
transforms into slight clliptical polarized beam for all incidence directions that
differ from direction of normal incidence onto optical axis of NLC layer (i.e.
for the incidence out of the plane characterized by y =0). In fact, Fig.4a shows
the angular difference between
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FIGURE 4 § - orientation of polarization plane in exit beam with respect to
orientation n entrance beam (a) and R - extinction ratio (b) as a
function of y and ¢ angles for planar orientation of NLC layer.

polarization plane orientation in entrance beam and orientation of polarization
cllipse long axis in exit beam. The power of ecllipticity is determined
approximately by the extinction ratio shown in Figure 4(b). It can be scen from
this figure that extinction ratio for planar orientation have no dependence on ¢
angle over the range of measurcment accuracy. More detailed analysis of
polarization state of transmitted beam for this orientation type will be
reported later.

To compare the angular parameters of PLCPs with those of PBSs, it is
necessary to determine the accordance between measured parameters. Angular
dependence of extinction ratio and angular dependence of polarization
plane position in our measurements correspond to transmission leakage and
transmission coupling in Pezzaniti-Chipman experiments.

The main conclusions from comparision of our measurements and the
measurement of these authors, are the following,

1. Both considered parameters for PLCPs and PBSs strongly depend on y angle
and possess weak dependence (or have no dependence) on ¢ angle.

2. Over the invetigated ranges of angles the turning of polarization plane in
exit beam of PLCPs approximately is equal to one of PBSs.

3. The extinction ratio for PLCPs in averidge is some times lower than for

PBSs over the same angular ranges.
The comparision shows the advantage of PLCPs under the PBSs in
extinction ratio value, especially in the angular region near normal incidence.
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CONCLUSION

We have demonstrated the angular dependences of prism liquid crystal
polarizers: the direction of polarization plane orientation in exit beam and the
extinction ratio as the functions of angles that characterize the direction of
incidence. The simple explanation of such angular behavior is given for
homeotropic orientation and is pointed out to the necessity of more detailed
consideration for planar NLC orientation. The comparison with angular
parameters of PBSs shows the attraction of PLLCPs applications in different
optical devices.
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