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Abstract— We propose a compact and low-cost design for
polarization control using tunable form-birefringence on PDMS
nanostructures fabricated by Nano-Imprint Lithography (NIL).
The operation principle is demonstrated in a fabriated device by
changing the nanostructure electrostatically.

[. INTRODUCTION

Polarization control is important for many applioas in optical
communications and biophotonics. Conventional [ddion
controllers consist of bulk optics moved mechamjcalvhich are
often bulky and slow. Solid-state technologies swsh LINDG
waveguides [1] and liquid crystal arrays [2] haweelb pursued for
polarization control. While such devices have dest@ted full
polarization control, they often require high opemg voltages,
experience high loss, and involve expensive mdsesiad fabrication
processes.

Most polarization controlling devices are basedtan principle of
birefringence. Form birefringence is birefringendge to regular
pattern of sub-wavelength structures, such asmystiinstead of
crystal alignments. This principle has been utilize achieve fixed
wave plates [3]. Theoretical design of a tunableevplate based on
this has also been proposed [4]. The challengaicti sipproach is
design and fabrication of an actuable nanostruatitte low cost for
mass production, as well as material with high inderefraction to
reduce the thickness of the device.

In recent years, several studies have been perfbonghe use of
elastomers, including PDMS, as both actuators asdflexible
gratings. Silicones have been used in dielectdstemer actuators
(DEA) with good results [5]. PDMS has also beeadufor making
deformable optical devices [6], [7]. Thus far, rfog has been made
on utilizing PDMS as an actuable nanostructure &ptical
applications.  Our goal is to incorporate the ugigmaterial
properties of PDMS to make a tunable wave plateuse in a
polarization control system. The advantages & solution include
the inexpensive materials used and low-cost fativica simple
actuation mechanism with a reasonable operatingag®| short
optical path with potentially low loss.

Il. PRINCIPLE

We modeled the performance of the device using ntle¢hod
presented by Born and Wolf [8] for planar structuréConsidering a
stack of dielectric plates with refractive index and B, the
difference in refractive index seen by light witblarization parallel
and perpendicular to the normal of the plates are:
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wheref, andf, represent the fill-ratio of the two media+f, = 1).
The birefringence therefore becomes a functiorhefgeometry and
index of refraction of the dielectric materials. hig difference in
effective refractive index for both polarizationssults in a phase
delay between them, which is further determinedh®ypath length
of the birefringent medium and the wavelength &f ithcident light.
This provides the foundation for polarization cohtr

A tunable wave plate can be made by designing archeble
PDMS grating as shown in Figure 1. In this destfe,two dielectric
materials in Eq. (1) are defined by the period PDARE the air gaps
in between. The light incidents from the top of theting. The
PDMS grating can be deformed in the same mannarZEA, or by
being placed between two electrodes. When a voltageplied, the
rigid electrodes deform the grating structure, éasing the fill ratio
of the PDMS as well as shortening the path lengtre effective

index N and N, are changed as a result.

I1l.  DESIGN ANDFABRICATION

The schematic of our tunable nanostructured waate ps shown
in Figure 1. It consists of a thin film of PDMStiwia square-profile
grating structure imprinted on one surface. Thim fs sandwiched
between two transparent glass-ITO substrates.
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Figure 1. Schematic of the electrostatically tulealvave plate.

For ideal performance the PDMS film should be am ths
possible, with the surface features as deep ashpmssThis allows
for a lower operation voltage and a more efficisahsfer of strain
into the grating without compromising the path lgmghlso, a higher
fill ratio in the relaxed grating (~4:1) leads tdightly lower
maximum phase delay, but a much lower requiredagelt In
addition to the film's geometry, it needs as higtefiactive index as
possible. For this reason a phthalocyanine (Cwi@itive was used
with the PDMS to enhance its refractive index frbml to above 3.
Figure 2 shows the modeled results with a specifiedmetry of
700nm PDMS film thickness, 400nm grating depth, anéfractive
index of 3.2. Cascading three such wave plates thighcenter stage
oriented at 45° with respect to th& and 3 stages achieves a full
polarization controller.
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Figure 2. Poincare sphere representation of madiglelarization
control of a tunable PDMS wave plate. Circles egant 1V
increments in applied voltage; the square showsrtbielent

polarization

The device is fabricated by depositing a small dafpuncured
PDMS with CuPC onto a glass-ITO substrate. UtiigNIL, a rigid

master with the reverse image of the desired gyasimucture is
pressed into the PDMS and pressure is appliedeatera very thin
film between the master and the substrate. The £¥then cured
at around 90°C for 30 minutes and the master imveth The top
electrode is attached by simply pressing the tagssggITO onto
PDMS film soon after the master is removed. Thestaracan be
made using EBL in PMMA. Figure 3 shows an SEM «f form-

birefringent nanostructure transferred onto polyfoeimaging.

Figure 3. Form-birefringent nanostructures transésl onto
polymer surface using NIL

Figure 5 shows a fabricated device with the ITCcteteles. The
index of refraction for this PDMS is about 3.2. Fais first
demonstration, the depth and fill factor of the @structure on the
master is designed to achieve only a 1.2° totad@kaift between the
two polarizations. The fabricated device achievesmtrol range of
0.8° with 50V applied voltage (Figure 5). Lossotlgh the device
was found to be 1.81 dB. We plan to improve théngimange by
fabricating the nanostructure with geometries clésethe ideal
design, and reduce the loss by improving the ojiedaces.

Figure 4. Photograph of a tunable waveplate bygsiructured
PDMS.
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Figure 5. Small phase changes observed by conipgetise
waveplate with 50V applied voltage

IV. CONCLUSION

A polarization controller based on form birefringenin actuable
PDMS nanostructure is proposed. We demonstrategriheiple of
operation by measuring the performance a tunableeplate
fabricated using the proposed approach.
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