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RINGKASAN : Kami demontrasikan satu suis optik termooptik berasaskan 
pandu gelombang dengan penggunaan kuasa e/ektrik yang rendah, 
menggunakan bahan polimer. Struktur pandu gelombang !eras empat segi 
terbenam membentuk pengganding berarah telah diambil untuk operasi mod 
tunggal pada panjang ge/ombang 1550 nm. Beza jelas indeks pen ya/utan atas 
dan pandu gelombang ialah 0. 03. Bezajelas indeks sisi pandu gelombang dan 
/apisan bawah pen ya/utan ia/ah 0. 005. Suis tak simetri yang dihasilkan 
menunjukkan kuasa pensuisan yang sangat rendah iadu 1226 mW. Aras cakap 
si/ang 30 dB bagi keadaan s1lang dan bar telah dicapai. 

ABSTRACT : We demonstrate a waveguide based thermooptic optical switch 
with low electric power consumption using polymer materials. The buried square 
core waveguides structure to form a directional coupler has been adopted for 
single mode operation at 1550 nm wavelength. The index contrast of the upper 
cladding and the waveguiding layers is 0.03. The index contrast of the lateral 
section of the waveguiding and lower cladding layers is 0.005. The asymmetrical 
fabricated switch exhibits very low switching power of 12.26 mW. The crosstalk 
level of 30 dB for the cross state and the bar state had been achieved. 

KEYWORDS : Thermooptic optical switch, buried square core waveguide, 
directional coupler, switching power, crosstalk, thermooptic polymer material. 
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INTRODUCTION 

Optical switches are the elementary component to perform the switching functions in all 

optical networks. The application of optical switches is in network protection, routing of high 

bit rate optical signal and network reconfiguration. The recent progress in wavelength division 

multiplex (WDM) lightwave communication system further increases the necessity of optical 

switch modules. Several optical switch architectures have been proposed and implemented 

in silica on silicon or glass substrates (Shibata, 2002), Ti-LiNb03 (Lu et al., 1994) and 

semiconductors (Hamamoto et al., 1993). On the other hand, polymeric optical devices have 

attracted large attention recently because of low costs and high-speed possibilities as well 

as fabrication flexibility (Pun and Wong, 2002). High speed Mach-Zehnder (MZ) modulator 

(Wang et al., 1999), polarisation controller devices (Lee and Shin, 1997) and asymmetric Y

junction (Hwang et al., 1997) thermooptic (TO) and electrooptic (EO) based on MZ 

interferometer have been demonstrated using polymers. 

However, the 2X2 polymeric switches have not been intensively investigated up to now and 

there are only few reports on the devices based on the directional coupler (Keil et al., 1994; 

Keil et al., 1996) and the balanced bridge MZ interferometer switch incorporating 3-dB couplers 

(Thackara et al., 1995). Since polymer can be dissolved (Diemeer et al., 1989), it can be cast 

into almost any shape. Furthermore polymer devices can be fabricated directly on electronic 

substrates and assembled with integrated circuits (ICs) to create a hybrid optoelectronic 

package (Pun and Wong, 2002). The most important characteristic of polymer optical 

waveguides used in optoelectronic devices is high thermal stability that make them compatible 

with conventional fabrication processes (Diemeer et al., 1989). Precise control of refractive 

index is essential for fabricating single mode channel optical waveguide. For optical 

telecommunication system, low optical loss at second and third window telecommunication 

wavelength is required. 

In this paper we demonstrate an asymmetric 2X2 directional coupler thermooptic polymer 

switch (DCTOPS) using all thermooptic polymer materials. Zenphotonics ultra (ZPU) series 

of ultraviolet (UV) curable fluorinated resins based on acrylate polymers synthesised at 

Zenphotonics Co. Ltd. have been used in realising the switch. A polymer based waveguide 

with buried square core (BSC) structures has been adopted for single mode operation at 

1550 nm wavelength. The TO effect, which results from the fact that refractive indices are 

temperature dependent is achieved by heating one of the heater electrodes placed alongside 

the branches. 

PRINCIPLE OF OPERATION 

Figure 1 shows a vertical cross section of the 2X2 DCTOPS developed. It consists of two 

symmetric waveguides that are close together but separated by a waveguide spacing of g. 

60 



Low Power Consumption Thermooptic Sw1Ych Using Polymers 

The centre-to-centre distance between the core and the heater electrode is d. The index 

contrast between the upper cladding and the waveguiding region is 0.03 and the index contrast 

between the lateral section of the waveguiding region and lower cladding is 0.005. The bend 

waveguides with curvature radius of R0 are connected to both the input and the output ports 

to form the DCTOPS. 

d 

Lower cladding 

Si water 

Figure 1. Vertical cross-section of design 2X2 DC TOPS 

In its simplest form, the directional coupler consists of two parallel waveguides placed close 

to each other. Light is launched into one of the waveguides and its optical energy is transferred 

synchronously back and forth between the guides by optical tunneling. In this work on an 

active optical switch , the basic operation principles are as follows. In a 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 f3sym and Pasym' respectively. While light is propagating through 

the interaction region, the phase differences of the two eigenmodes increase due to the 

difference in their propagation constant. Interference of 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, Le which is the minimum length of 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 show a difference in their 

propagation constants when they are too close to each other. 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. Therefore the coupler has been designed with the tolerance of 200 µm 

such that slight change in !:l.Lc suffices to drive the switch into the perfect cross state. 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 of the right waveguide will be lowered as well even if only the left 
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waveguide is heated. Therefore, the propagation constant of the waveguides will be changed 

almost synchronously to keep 11[3,,,. o 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 two branches of the waveguides will induce an increasing mismatch, 11[3 of 

propagation constant and as a result, the switch will behave asymmetrically to reach the bar 

state. 

DEVICE FABRICATION PROCEDURE 

The device was fabricated on a 4-inch Si wafer, using standard polymer fabrication technology. 

A new technique of inverted channel structure using inductively coupled plasma (ICP) etching 

had been introduced for BSC waveguides definition. Before coating ZPU 1302M as under 

cladding polymer, an adhesion promoter ZAP1020 was spin coated because ZPU series 

polymer had weak adhesion to the Si wafer. Positive photoresist named ATMR has been 

used for waveguides patterning in the photolithography process. The photoresist was exposed 

to UV light while the wafer is in contact position with the mask. The developer for ATMR was 

AZ500MIF and used for 5 s, was sufficient to remove the illuminated photoresist. After having 

completed the photolithography process, the under cladding polymer was etched down for 

waveguide core definition using ICP etcher. Oxygen at a flow rate of 20 lpm was used as the 

etching gas in polymer materials. Thereafter the polymer, ZPU1301 waveguiding layer was 

deposited by spin coating . The thickness of the waveguiding layer needs to be controlled 

accurately to guarantee the switching behaviour and therefore planarisation technique was 

introduced, which had two folds. First, to get rid of the 'dips', which occurred during the core 

layer coating due to the inverted channel technique used. Second, for the accuracy of channel 

definition of step etch into the under cladding of ZPU1302M polymer. Subsequently the upper 

cladding polymer layer was deposited and heating electrodes and pads were fabricated 

using e-beam evaporation and Au plating methods. 

Figure 2 shows the top view of the micrograph of parallel BSC waveguides of 7 µm with a 

gap spacing of 8 µm. The micrograph indicates that the side linewidth of the BSC waveguides 

were flat and the narrow gap spacing was completely parallel and well determined on top of 

under cladding layer. Figure 3 shows the micrograph of electrodes heater and heater pads 

after the seeds metal were removed. The thickness of electrodes heater and heater pads 

were measured to be 0.4 µm and 3.2 µm, respectively. The resistance of the electrodes 

heater and the heater pads were measured to be -130 n and -10 n, respectively. These 

micrographs also indicate that the forming of electrodes heater and heater pads were well 

defined on top of the BSC waveguides. 
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Figure 2. Parallel wavegwdes linew1dth of 7 µm, with 8 µm gap spacing (M200X) 

Figure 3. Heater electrodes and heater pads after the seeds metal are removed (Mt OOX) 
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RESULTS AND DISCUSSION 

For ease of understanding in characterising the switching characteristics of the fabricated 

2X2 DCTOPS, the configuration of the switch is depicted in Figure 4 . 

Input port P1 -+ 
Input port P2,...... 

Figure 4. 2X2 DCTOPS configuration 

........,.output por1 P3 
=-+01Jlpu1 pcrLP4 

The analysis of the switching characteristics had been performed using laser diode (LD) 
source operating at 1550 nm wavelength window. The switching characteristics were first 

analysed by just observing the near field patterns either at- initial state or at sw~tGhing state. 
The near field patterns demonstrating the initial state and the switching state of 2X2 DCTOPS 
are depicted in Figure 5 and Figure 6, respectively. 

Figure 5. Switching characteristic: Initial state 
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Figure 6. Switching characteristic: Switching state 
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Figure 7. Measured switching characteristics: 
(a) When light is launched at input port Pt. 
(b) When light is launched at input port P2 
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The switching curves were then investigated using LD with the wavelength of 1550 nm for 

TM mode polarisations. When light was launched into port P1, the switching curve was 

plotted for insertion loss (IL) in dB as a function of switching power in mW. The switching 

curve is depicted in Figure 7(a). At initial state or cross state; P1 =>P3, the IL was 30.4 dB 

and P1 =>P4, the IL was 2.01 dB respectively. These correspond to the crosstalk of the 

switch to be 28.39 dB. At switching state or bar state; P1 =>P4, the IL was 36 dB and P1 =>P3, 

the IL was 1. 7 dB respectively. These correspond to the crosstalk of the switch to be 34.3 dB. 

The switching power was measured to be 12.26 mW. When the light was launched into port 

P2, the crosstalk values can be calculated in the same way as above from the graph of IL as 

a function of switching power for both states. From the graph shown in Figure 7(b), it can be 

seen that the crosstalk values for cross state and bar state are 30 dB and 33 dB, respectively. 

The response time of the developed switch was measured to be 7 ms in both states. 

CONCLUSION 

We have demonstrated a new asymmetrical buried square core waveguide based thermooptic 

optical switch using all polymer materials with low electric power consumption. The 

asymmetrical switch configuration with the index contrast of 0.03 between the upper cladding 

layer and core layer had been realised. This switch exhibits low IL of 2 dB and low power 

consumption of 12.26 mW at 1550 nm wavelength window. The crosstalk level of 30 dB for 

both the cross state and the bar state had been achieved, respectively. This result confirmed 

the advantage of asymmetrical switch structure to achieve low crosstalk and reach the bar 

state with low switching power consumption. 
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