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Abstract: We use the soft lithography technique to fabricate a polyaner
waveguide Bragg grating filter. Master grating structureagterned by e-
beam lithography. Using an elastomeric stamp and capifletipn, uniform
grating structures with very thin residual layers are tfamed to the UV
curable polymer without the use of an imprint machine. Theragaide
layer based on BCB optical polymer is fabricated by conwerati optical
lithography. This approach provides processing simplicd fabricate
Bragg grating filters.
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Fig. 1. Schematic diagram for transferring the grating structure; apsjtthe pre-polymer
on the wafer, b) placing the PDMS stamp on pre-polymer layer and exposth UV
light, ¢) removing the elastomeric stamp from the wafer, d) optical miopsémage of
the patterned region, €) AFM image of the grating structure, f) SEM imégeeagrating
structure with residual layer indicated.

1. Introduction

Over the past decade, due to the possibility of achieving régolution, high fidelity and oper-
ational simplicity extensive research have been done todwepthe unconventional fabrication
techniques such as nanoimprinting [1], self assemblingaff] soft lithography [3]. In soft
lithography, an elastomeric stamp is used as a mold to eatis desired pattern. Chemically
inertness and the elastic behavior of the PDMS (poly-digisilloxane) make it the main ma-
terial for soft lithography. Previously, this techniquesti@en applied to fabricate a number of
optical devices such as optical couplers, polymeric Ig#érsesonators [5] and modulators [6]
and long period gratings [7].

Bragg grating based wavelength filters are essential coersrof optical communication
systems. These kinds of devices consist of a guiding lay@&agveriodic refractive index per-
turbation through the guiding layer. For use in telecomroatidon applications at 1500 nm
wavelength region, polymer based Bragg grating filters khbave a periodicity of around
A = 500nm Due to the requirement of fabricating sub-micron featuesbeam [8] and in-
terference lithography [9] are generally used. When lighaisiched into the grating loaded
waveguide, wavelength correspondinghte= 2ne ¢t/ is reflected back and a stop band is ob-
served in the transmission spectrum. Recently, Ahn et dlfflifficated Bragg grating filters
using the nanoimprint technique. In their approach, théyi¢ated a UV transparent quartz
stamp and using a hanoimprint machine they successfuthgfeered the grating pattern onto

#74875 - $15.00 USD Received 8 September 2006; revised 16 October 2006; accepted 17 October 2006
(C) 2006 OSA 30 October 2006 / Val. 14, No. 22/ OPTICS EXPRESS 10229



the polymer layer. Replacing quartz stamp with a soft efastic material is cost effective and
results in simplicity to fabricate a stamp. However, duehm ¢lastomeric behavior, the stamp
may deform and create unwanted perturbations on the dgsatteirn. Additionally, nonuni-
form pressure distribution and shrinkage during cure magxpected to create an undesired
index modulation on the waveguide. This perturbation mastrdg the Bragg resonance pro-
file when the grating filter is fabricated. In a Bragg gratirigefi shape and the strength of
resonance depends on the waveguide parameters. A shanamesaequires high index uni-
formity throughout the grating and the waveguide. This dragk may restrict the use of soft
lithography in fabricating a Bragg grating filter.

In this paper, we present an approach that overcomes thideck and allows us to fabricate
a grating based wavelength filter using soft lithography. e a soft elastomeric stamp to
transfer the grating pattern onto the UV curable polymemythe conformal contact between
substrate and the elastomeric stamp and capillary forceyeve able to fabricate very uniform
grating structures on very thin residual layers withouhgsany imprint machine. Finally, the
optical waveguide was fabricated by using conventionataplithography.

2. Fabrication

The fabrication procedure for transferring the gratingelaig shown in Fig. 1. The fabrication
process is as follows; master structure with the gratintepatvas written by e-beam lithog-
raphy on a silicon wafer and subsequently this grating pattes transferred onto the silicon
wafer by reactive ion etching. The periodicity, depth, \Widhe length and duty cycle of the
grooves are 515 nm, 200 nm, 10@n, 2 cm and 0.5 respectively. The elastomeric stamp was
fabricated by well known replication procedure using PDNS$l¢ard 184, Dow Corning). To
make the elastomeric stamp, liquid PDMS is poured on topefthaster grating and cured for
2 hat 75 °C . After the curing procedure, elastomeric moldeislgd from the master grating.
Due to the low Young's modulus of PDMS, feature sizes thatlmawbtained on PDMS are
limited. For our purposes single layer 5 mm thick PDMS SydgE84 is enough to replicate the
grating. To improve the pattern quality further, compostemps can also be used [11].

The elastomeric stamp having a grating on its surface wasubked to transfer the pattern
onto the UV curable low viscosity pre-polymer (OG 146, Epdachnology). OG 146 has
low viscosity of around 40 cps. Initially, uncured pre-polgr was spin-coated onto the silicon
wafer with 7 um thermal oxide on its top surface. The initial thicknessha pre-polymer is
around lum. Then, PDMS stamp was placed on the pre-polymer withouapplied pressure.
Due to the conformal contact, PDMS stamp attached to thenpeiycoated surface. The OG
146 fills the grooves of the PDMS stamp due to the capillarjoadn a matter of seconds.
While the stamp was kept in contact, the sample was illumihadéh UV light for 5 minutes.
This illumination cured the pre-polymer and after the clBBMS was mechanically removed
while leaving the solid polymer grating structure on thesttdde.

In order to asses the uniformity and measure the thicknetseeatsidual layer grating struc-
ture was transferred onto the silicon wafer. Figure 1(dwshthe optical microscope image
of the transferred grating pattern. As seen in Fig. 1(d) tfaimmgg structure is very uniform
through the wafer. Fig. 1(f) represents the SEM image of thdg cross-section. The depth
of the grating grooves are around 200 nm and the thicknes®agsidual layer is around 100
nm. The thickness of the residual layer depends on thelithitzkness of the pre-polymer layer.

The AFM image of the transferred polymer grating pattermsa in Fig. 1(e). The grating
has a measured depth of 200 nm. Due to thermal contractidred®DMS during cure, there
is a 1-3% decrement in the periodicity of the PDMS gratingisTdecrement depends on the
curing temperature and can be controlled. This feature neayskful in tuning the periodicity
within ~ -10 nm and the corresponding Bragg resonance wavelength3® nm range.
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Fig. 2. Cross-sectional view of the polymeric waveguide Bragg gratitey.fThe grating
structure is on the tm thick thermal oxide, the core of the wave guide is BCB and the
upper cladding is PMGI, dimensions aregim.

Cross-sectional view of the waveguide structure is showFign2 . The core of the waveg-
uide is fabricated using the BCB polymei® un-cured BCB layer was spin coated on the
wafer which has a grating layer on top. BCB layer was thenctwe 3 h at 250 C. Grating
structure preserved its shape during the this curing proeedUsing conventional photolithog-
raphy single mode waveguide was subsequently defined orotp@er and transferred into the
BCB using reactive ion etching. Finally, aué thick PMGI was spin coated on the waveguide
structure as an upper cladding. The end facets of the wadeguith length of 1.5 cm were
cleaved to couple the light. Refractive indices of the BCBIG, and OG146 are 1.53, 1.50
and 1.51 at 1..um wavelength respectively.
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Fig. 3. Transmission spectrum of the waveguide grating filter a) TM paitoiz,
Ne=1.515 and\n=0.002 from fitting results b) TE polarization,f3=1.517 and\n=0.002
from fitting results.

3. Measurements and results

The transmission characteristics of the filter was measusaty a wavelength tunable laser
diode source (Santec TSL-320). Laser light was fed througlolarizer and input into the
waveguide using a tapered fiber. The wavelength was scamtegdén 1500 nm and 1600 nm
range with 10 pm resolution and the transmitted laser lighs$ wollected with a microscope
objective and measured with a power meter. Fig. 3 shows thealzed transmission of the
filter for both TM and TE polarization as a function of the wkergyth. As seen in Fig. 3, a

#74875 - $15.00 USD Received 8 September 2006; revised 16 October 2006; accepted 17 October 2006
(C) 2006 OSA 30 October 2006 / Val. 14, No. 22/ OPTICS EXPRESS 10231



resonance was observed around 1528.2 nm for TM and 1529.@mir&fpolarization. The 3 dB
bandwidth of the resonance is 1.5 nm and reflectivity is adddB for a grating with a length
of 1.5 cm. Using transfer matrix method and fitting the meaduwesults, index modulation was
calculated. Grating index modulationAsn=0.002 for both TM and TE polarizations. Uniform
index perturbation through the grating structure causeelabes which were observed at the
edges of the resonance. Also a small transmission noiseagggp@éside the reflection band.
This noise comes mainly from the error in positioning of tihatimg grooves. It is known that,
during e-beam writing of the master grating, displacememntr@ccurs between the fields [12].
These displacement errors create additional phase shifth@nce noise in the transmission

gap[13].

4. Conclusion

In conclusion, the work described in this report illusteatenew approach to fabricate Bragg
grating based polymeric waveguide filters using the sdfoiraphy technique. Using the prop-
erties of conformal contact of the PDMS stamp and the capikdfect between stamp and
liquid pre-polymer, we were able to transfer grating stuoes without the use of an imprint
machine. This approach may also be useful to fabricate aojol+thultiplexers which include
multi period structures that are difficult to fabricate @sgonventional techniques.
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