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ABSTRACT
We demonstrate a waveguide based thermooptic photonic switch with low electric power 
consumption using polymer material. The buried square core waveguides structure has been 
adopted for single mode operation at third telecommunication window. The index contrast o f 
the upper cladding and the waveguiding layers is 0.2%, the lateral section o f  the waveguiding 
and lower cladding layer is 0.35%. The asymmetrical fabricated switch exhibits very low 
switching power o f  12.26 mW. The crosstalk level o f -30 dB for the initial and switching 
states have been achieved, respectively.

1 INTRODUCTION
Photonic switches are the newest network element being introduced into the communications 
industry. The photonic switch is the only missing device to realize the all-optical network to 
exploit the enormous bandwidth o f  the optical fiber. Photonic switch can switch light pulses 
without converting them into electrical signal at any point. However, a photonic switch can 
switch an entire fiber band o f  wavelengths, or single wavelength in any band, irrespective of 
the data rate or protocol. Photonic switch promises to relieve bottlenecks, cut costs, saving 
power, less floor space needed and make it easier for telecom engineers to deploy future 
developments in transmission technology. The advantages o f  photonic switching over 
electronic switching were discussed details in [1],
Due to advantages o f photonic switching over electronic switching, the communication 
industries are pushing the researchers all over the world towards the development o f  photonic 
switch. For the realization o f  photonic switch different technology and technique are 
proposed and developed from the last decade. Among these technologies, polymer 
thermooptic (TO) switch is one o f the most promising technologies for low cost, easy 
fabrication process and high scale of integration on large substrate [2-8].
In this paper we demonstrate an asymmetric 2x2 directional coupler based thermooptic 
photonic switch using all polymer material. The polymer based waveguides with buried 
square core (BSC) structures have been adopted for polarization independence and single 
mode operation at 1550 nm wavelength. The temperature dependence o f refractive index is 
achieved by heating one o f  the electrodes heater placed alongside the branches.
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2 O PERA TIO N  PRIN C IPLES

Figure 1 shows a schematic view o f  the proposed 2x2 directional coupler based polymer 
switch. It consists o f two identical waveguides and separated by waveguide spacing o f g. The 
d is center-to-center distance between the core and the electrodes heater. The bend 
waveguides with curvature radius, Rc are connected to both the input and output ports o f two 
parallel waveguides.

Fig. 1. A schematic view of 2x2 photonic switch

In two well separated waveguide regions, there are two uncoupled waveguide modes with the 
same propagation constant. In the interaction region, the two waveguide modes are 
symmetric and asymmetric modes with propagation constant (3sym and pasym  respectively. 
While light is propagating through the interaction region, the phase difference o f the two 
eigenmodes increase due to the difference in their propagation constant. Interference o f the 
two modes allows light power to transfer between the two channels. In other words the 
change in propagation constants leads to a change in the coupling length, Lc which is the 
minimum length o f  interacting waveguides required to obtain complete crossover or cross 
state. But the two waveguides in two distinct transition regions or taper regions start to couple 
and showing a difference in their propagation constants when they are close enough. This 
coupling contributes to the power transfer as well. If low loss arc bend waveguides are used 
in the transition regions this contribution can be significant when the two channels are 
strongly coupled in the interaction region.
When the voltage is applied along the electrode heater, the refractive index under the 
electrode heater is lowered due to the TO effect. Owing to the high thermal conductivity of 
the polymer used the temperature o f the right waveguide will be lowered as well even if only 
the left waveguide is heated. Therefore, the propagation constant o f the waveguides will be 
changed almost synchronously to keep 0 as long as the applied voltage is maintained at 
a low level. By raising the applied voltage or heating power the resulting temperature



difference between the tw o branches o f  the w aveguides will induce an increasing m ismatch 
Aj3 o f  propagation constant and as a results the switch will behave asym m etrically to reach 
the bar state.

3 PHOTONIC SWITCH FABRICATION
The device was fabricated on a 4-inch Si wafer, using standard polym er fabrication 
technology as shown in Figure 2.
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Fig. 2. Cross-section o f fabricated 2x2 photonic switch

A new technique o f  inverted channel structure using inductively coupled plasm a (ICP) 
etching had been introduced for BSC waveguides definition. Before coating ZPU 1302M as 
under cladding polym er, an adhesion prom oter ZAP 1020 was spin coated because ZPU series 
polym er had w eak adhesion to the Si wafer. Positive photoresist, A TM R  was used for 
waveguides patterning in the photolithography process. The photoresist was exposed with 
UV light w hile the w afer is in contact position with the mask. The developer for ATM R was 
AZ500M IF and used for 5 seconds, suffices to rem ove the illum inated photoresist. After 
having com pleted the photolithography process, the under cladding polym er w as etched 
down for w aveguide core definition using ICP etcher. The O2 flow rate o f  20 1pm was used as 
the etching gas. T hereafter the polym er, ZPU 1301 w aveguiding layer was deposited by spin 
coating. The thickness o f  the waveguiding layer needs to be controlled accurately to 
guarantee the designed sw itching behavior and therefore planarization technique was 
introduced and it had tw o folds benefits. First, to get rids o f  the ‘d ips’, which occurred during 
the core layer coating due to inverted channel technique used. Second, for the accuracy o f 
channel definition o f  step etch into the under cladding o f  ZPU 1302M  polym er. Subsequently 
the upper cladding ZPU 1302 polym er layer was deposited and heating electrodes and pads 
were fabricated using e-beam  evaporation and Au plating m ethods, respectively.
Figure 3 shows the m icrograph o f  the heater electrodes and heater pads after the seeds metal 
were rem oved. The bend w aveguides o f  parallel BSC waveguides with the side linewidths o f



7 |im with a w aveguide gap spacing o f  5 (im at the end o f  the coupling length could also be 
seen. The m icrograph indicates that the side linewidths o f  the BSC w aveguides were flat and 
the narrow gap spacing w as com pletely parallel and well determ ined on top o f  under cladding 
layer. The thickness o f  the heater electrodes and heater pads were m easured to be 0.4 |nm and 
3.2 |im , respectively. The resistance o f  the heater electrodes and the heater pads were 
m easured to be 130 H  and 10 Q, respectively. This m icrograph also indicate that the form ing 
o f heater electrodes and heater pads were well defined on top o f  the BSC waveguides 
structure.

Fig. 3. Electrodes heater and heater pads after the seeds metal is removed (M100X)

4 RESULTS AND DISCUSSIONS

The analysis o f  the sw itching characteristics has been perform ed using laser diode (LD) 
source at 1550 nm wavelength. Using LD at the input, IR cam era and TV m onitor at the 
output, the sw itching characteristics were analyzed by seeing the near field patterns either at 
initial state or at sw itching state. Referring to schem atic view o f  the photonic switch in Figure 
1, the initial and sw itching states mean that the light is launched at the input-P land  the near 
field patterns were viewed at the output-P3 and output-P4, respectively. The near field 
patterns o f  the initial state and the sw itching state o f  2x2 photonics sw itch were shown in 
Figures 4(a) and (b), respectively.
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Fig. 4. Switching characteristics (a) Initial state (b) Switching state

The crosstalk o f  the initial state and the sw itching state was calculated in dB for the power 
ratio o f  undesired output port to the total power o f  desired output port. W hen light is 
launched into port P I , the sw itching curve was plotted for insertion loss (IL) in dB as a 
function o f  sw itching pow er in mW . The sw itching curve is shown in Figure 5. At initial 
state; P1=>P3, the IL w as -3 0 .4  dB and P1=>P4, the IL was -2 .01  dB, respectively. This 
corresponds to a crosstalk o f -2 8 .3 9  dB. At sw itching state; P1=>P4, the IL was -3 6  dB and 
P1=>P3, the IL was -1 .7  dB, respectively. This corresponds to a crosstalk o f -3 4 .3  dB. The 
switching pow er required was 12.26 mW.

P1=>P3
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Fig. 5. Switching characteristics for 2x2 photonic switch



5 CONCLUSIONS
We have demonstrated 2x2 asymmetrical waveguide based photonic switch using all 
polymers. The index contrast o f the upper cladding and the waveguiding layers is 0.2%, the 
lateral section o f  the waveguiding and lower cladding layer is 0.35%. The photonic switch 
exhibits very low switching power o f 12.26 mW. The photonic switch shows very good 
performances in terms o f  reducing the heating power. The crosstalk level o f  -30 dB for the 
initial and switching states have been achieved, respectively.
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