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ABSTRACT

Polymer thermooptic waveguide taps have a polential application as light routers for guided wave optical
interconnects involving cascaded fanouts. The taps can guide light from an optical bus bar and direct it into other devices in
a switching/modulation network. Thermooptic waveguide taps are designed and fabricated on silicon wafers using standard
VLS| fabrication techniques. Coupling of light into an adjacent waveguide tap is observed 1o increase by 12.3% from 38.7%
10 51.0% with the application of 34 mW of power,
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1. INTRODUCTION

Tunable optical waveguide taps are useful for diverting a small fraction of the optical power from a high-power
optical source bar to cascaded waveguides serving as the optical power line for optical interconnects, This diverted optical
power can provide the wave for a particular optical modulator, while other optical taps derive signal waves from the same
source bar for other uses,' The thermooplic effect in polymer can provide sufficient index of refraction variation to form a
low-voltage tunable optical waveguide tap,** Furthermore, polymer-based optical waveguide taps can be

integrated into
module-to-module systems using currently available VLSI fabrication techniques **
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2. BPM SIMULATION

The first step in fabricating a thermooptic tap is 1o design a channel waveguide that is single mode for the given
i r land Optical Adhesive-61 (NOA-61) as the cladding and poly-methyl methacrylate (PMMA) as the
mal‘"ﬂll s'ymm = Nulr'i the index of refraction of the NOA-61 cladding is 1.55 and the index of the PMMA is 1.59.
wachgmdln[% bl ?I ,‘|_ I-":;; or the length needed to couple light from the source channel waveguide to the tap channel
iy 1"":“““0“ i i ?ng;l 'dclcn'nincd. We use the beam propagation method (BPM) to determine the channel widths
“'“"'fg'"d‘- S lhwm?l:l;::s);l 1.3 pm, and the interaction length and channel separation for coupling. The channel width,
2 sl mode fhi‘m’“": tcrmm;:d to bc 4 pm, 1.5 pm, and 4 pum, respectvely  The optimized interaction length is also
:‘mh' m‘lecP;:":(:r::'din have a passive coupling of 35% as 1s shown in the BPM simulation result in Figure 2. Various
rmined 1o
u:\e':guidc taps were made to these specifications,
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Flg. 2. BPM simulation showing 35% passive coupling after 9mm.

3. DEVICE FABRICATION

Itraviolet Lamp (Model
inch wafer using a syringe with a 0,2 pm filter. The wafer is then spun
onsists of several different revolution speeds set for certain amounts of
nds, then immediately followed, without stopping, by 1000 rpm for 30
for 30 seconds and finally to 2k rpm for 60 seconds, The ramp up
NOA-61. The sample is then UV cured for 20 minutes. The core layer
bottom-cladding layer using a ramp up technique from 1k to 4k rpm.,

B100 SP). The solution is then deposited onto a three-
using a ramp-up technique. The ramp-up technique ¢
time. First, the wafer is spun at 500 rpm for 30 secoy
seconds, The speed is then increased to 1.5k rpm
technique results in a uniform 2 pm cladding layer of
consisting of PMMA is then spun coat on top of the
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6 phatoresist is then deposited on top of the PMMA and softbaked at 90 °C for 1§ minutes, 'I:hc sample is
o .p 2 k to produce the waveguide taps. The sample with patterned photoresist is developed in AZ425 for
e plllti’.ntd WI': :hm;ardlrakcd at 125 °C for 1 hour. After hardbaking, the sample is RIE etched with an O, plasma, A
it m'""“]“:dl cTa er is spun coat onto the sample using a ramp up technique from 500 to 2k pm. An AZ5206
i NOA'-GI ‘. ‘ms ycout onto the sample and patterned with a mask of the top electrode structures, which are the
phulortflst hljliﬂr‘s ::utumnt-induccd thermosource. We then develop the photoresist, After deposition of the metal, the
Wﬂd“’“}"‘ﬂ ‘P“d:d °'; eccmn\: to lift off the metal that was deposited onto the AZ5206 photoresist. Only the metal that was
“mPl_f 1; :fPP 1l l:nl:onmc top NOA-61 layer remains afier this lift-off technique. Finally, the sample is cleaved and polished
f:?‘::;;:mtcl:;-fire coupling. The end faces of the sample are polished by using diamond abrasive films wifh different gnt
sizes, First, with a 9 pm diamond grit film, the sample is polished for 10 minutes at 90 pm, ‘ Next a film with 6 ‘j.m grit is
used for 7 minutes at 70 rpm and finally a 3 um grit film is used for 3 minutes at 40 r.pm. Thuf procedure results mla clean,
uniform end face. Polishing of the end face was facilitated by using a thick surrounding cladding layer, A schematic am‘j a
picture of the cross section are shown in Figures 3(a) and 3(b), respectively. In Figure 3(b), both the top and bottom cladding
layers are 10 pm as depicted in the Figure 3(a).
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Flg. 3(a). Schematic of cross section, Fig. 3(b). Picture of cross section

4. EXPERIMENTAL SETUP

We mount the sample on a flexure stage for testing. Light at 1.3 Hm is end-fire coupled into the main source bar
waveguide defined in Figure 1. The light coupled through the guides is then imaged onta a screen. An IR camera is focused
onto the screen and an image of the waveguide core js displayed on a video monitor 1o observe the light passing through the
channel waveguides, We effectively view the near field light emerging from the waveguide, Contacts to the metal pads on
the sample are made with W0 xy= needle-paint positioners mounted to the sides of the sample stage. A 30 V power supply is
connected across the two contact pads of the electrode. A | k0 resistor is also connected in series with the top metal
clectrode. A voltmeter 15 used (o measure the voltage drop across the resistor in order to determine the current flowing

through the top metal electrode, A photograph of the end-fire-coupling sefup and a schematic of the Setup are shown in
Figures 4(a) and 4(b), respectively,
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Fig. 4(a). Burt-coupling setup Fig. 4(b). Schematic of the setup,

S. EXPERIMENTAL RESULTS

Light at 1.3 um is first coupled into the source bar waveguide. The adjacent channels of the waveguide taps are
separated by 4 pm. Some light is coupled into the adjacent channel without applying a voltage (o heat the device. The IR
camera is focused on the screen and the video signal is fed into a display monitor and a Spiricon Beam Analyzer,
are made to the electrode pads that are on top of the source bar channel waveguides in series witha | k0 resistor,
supply is set at 15 volts and the voltage measured across the | kLD series resistor is 11,5 voltsor 11.5 mA is Nowing through
the drive electrode, The fesistance of the chromium-gold drive electrode is measured to be 260 €. Thus,
across the two contact pads of the drive clectrode and the clectrical power consumption for the optical tap is about 34 mw.
The output daia is recorded and analyzed for two waveguide taps, with and without heat. Figures 5(a) and 5(b) show the
spots imaged on the screen for the waveguide taps with heat and no heat, The brighter peak in Figure 5(a) is the source
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Fig. 5(a). Near field imaged output with ne
heat showing 38,72, coupling.

Flg. 5(b). Near field imaged output with heat
showing 51.0% coupling,

channel bar of the thermaoptic taps. Intensity images and graphed in Figure 6.

The area under the curve is calculated th and without the application of

When 34 mW of electrical power is

under the same fabrication conditions shows a

mined (o have Passive coupling of 38 79,
o A tap waveguide device
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consistent tap ratio along the cascaded tap guides. The coupling efficiency (source bar to tap) is designed to be low
compared to a conventional directional coupler. This is so because of the need o.f céma#cd fannullror several taP channels,
The tunable range from 38.7% to 51.0% provides us with a better control of distributing the optical powgr with an even
fanout. A larger dynamic range can be realized also by employing different power levels and channel separations,
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Fig. 6. Intensity profile of Figures 4(a) and (b) showing 38.7% and 51.0% coupling,
respectively, for the case with no heat and heat.

6. CONCLUSIONS AND FUTURE WORK

In Y, polymer th plic taps are designed and fabricated to operate at 1.3 ym. Using a beam analyzer, the

top electrode heater, By applying power to the electrode, coupling could either be increased or decreased, depending on the
Position of the heater element, In one of the cases, the coupling increased 12.3% from 38.7% to 51.0% with the application
of 34 mW of power to the top clectrode. Future improvements could be to use an adjacent channel, opposite the optical tap.

By using this design, the other optical taps down the rail will see a constant light signal in the rail with a minimum fluctuation
Among taps up the optical rail,
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