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bstract. The design and performance test of a cholesteric
iquid crystal depolarizer �CLCD� is presented. This new de-
olarizer is a wedge-shaped cell filled with cholesteric liquid
rystal material. By placing a CLCD in its path, the incident

ight beam is divided into a great number of micro beams in
pace, and each micro light beam has different polarization
tate and orientation, hence achieving the depolarization ef-
ect. Over a conventional optical depolarizer, the CLCD is
asy built and insensitive to the polarization orientation of

ncident light. © 2007 Society of Photo-Optical Instrumentation
ngineers.
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Introduction

any photodiodes are in fact polarization sensors. For
ome applications, a polarization sensitive photodiode
ight cause considerable error. If an optical device con-

ains birefringent material or nonbirefringent material under
tress in its light beam path, its performance may be af-
ected as well. The most practical way to control the optical
nstrument polarization sensitivity is to depolarize the light
eam by using a depolarizer.

There are two common forms of optical depolarizers:
edge depolarizers and Lyot depolarizers. A wedge depo-

arizers consists of a crystalline quartz wedge together with
compensating fused silica wedge to correct the angular

eviation.1 The optical axis of the quartz wedge lies in the
lane of the wedge and at 45 deg to the input polarization
rientation, so a wedge depolarizer is sensitive to the po-
arization orientation of the incident light beam. Lyot depo-
arizers consist of two crystalline quartz plates assembled
ith their optical axes lying in the plane of the plates,

ligned at 45 deg.2,3 One plate is twice the thickness of the
ther. This combination creates various degrees of elliptical
olarization as a function of wavelength. Therefore, the
yot depolarizer is not suitable for monochromatic light.4

Depolarizing Mechanism

holesteric liquid crystal �CLC� is thermodynamically
quivalent to nematic liquid crystal except for the chiral-
nduced twist in the directors. When the incident light
avelength is comparable to the helical pitch of CLC, the

amous Bragg reflection occurs.5,6 Because the helical pitch
s much larger than the incident light wavelength, both the
eflected and transmitted waves are plane-polarized.7,8 If
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the helical pitch is between the two conditions mentioned
previously, the polarization orientation and state of trans-
mitted light is periodically modulated by the helical struc-
ture of CLC.

A cholesteric liquid crystal depolarizer �CLCD� is a
wedge-shaped cell filled with CLC material whose helical
pitch is several times the length of the incident light wave-
length. The structure of the CLCD is illustrated in Fig. 1.
The CLC material is sandwiched between two transparent
glass substrates coated with thin polyamide films. The liq-
uid crystal molecules are planar aligned by rubbed polyim-
ide films. Mylar spacers of different thickness are used to
adjust the wedge angle.

When polarized light is incident on a CLCD, the light
beam can be viewed as divided into a great number of
micro light beams. Each micro light beam with its polariza-
tion orientation and state will be differently modulated by
the wedge-shaped CLCD, hence achieving the depolariza-
tion effect in space.

3 Experimental Results

The nematic liquid crystal SLC9023 ��n=0.22� and chiral
dopants R811 are used to prepare CLC mixtures of differ-
ent mixing ratios. A 532-nm continuous laser is used as the
test light source. The diameter of the laser beam is 2 mm.
With a � /4 wave plate, the output beam polarization state
from the 532-nm laser is changed from linear to circular.
The CLCD was placed between a polarizer and an analyzer.
As the analyzer rotated, the transmitted laser light was re-
corded, as illustrated in Fig. 2.

To examine the depolarization performance of the pro-
posed CLCD, CLCD cells of different wedge angles were
made. Figure 3 illustrates the test results of a CLCD with a
wedge angle � of 1.43 deg and a chiral dopant mixing ratio
c of 10%.

Fig. 1 The structure of the cholesteric liquid crystal depolarizer.

Fig. 2 Experimental setup for testing the depolarization effect of the
CLCD.
July 2007/Vol. 46�7�1
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Test results show that without the CLCD inserted be-
ween the polarizer and the analyzer, the transmitted laser
ight intensity varies greatly as the analyzer was rotated.
fter inserting the CLCD cell, the amount of transmitted

aser intensity variation is reduced to 4% while the analyzer
as rotated. By changing the angle between the input po-

arization orientation and the rubbing direction of the
LCD cell, the transmitted laser intensity varies little. Fig.
�b� shows that the variations of laser intensity are 2%, 6%
ith �0=45 deg, 90 deg, respectively.

Fig. 3 The depolarization effect of the CLCD
CLCD ��0=0 deg� and without CLCD, �0 is the a
CLCD rubbing direction; and �b� The depolariza

ig. 4 The performance of the CLCD with wedge angle �
0.86 deg
ptical Engineering 070504-
For testing the relationship between the depolarization
effect and the wedge angle, another CLCD ��=0.86 deg,
c=10%� is detected. Figure 4 shows the depolarization ef-
fect of the CLCD ��=0.86 deg, c=10%�. The variations of
laser intensity are 9%, 11%, 9% with �0=0 deg, 45 deg,
90 deg, respectively. Experiment results show that the de-
polarization performance of the CLCD strongly depends on
the wedge angle.

4 Conclusions

Wedge cells filled with properly mixed CLC material show
good depolarization performance for monochromatic light.
This type of depolarizer is insensitive to the polarization
orientation of the incident light.
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