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The Long-term Stability Measurement of Polymer

Planar Lightwave Electro-optic Devices

Daming Zhang , Yuefei Yan, Changming Chen
State Key Laboratory on Integrated Optoelectronics,College of Electronic Science and Engineering,

Jilin University, Changchun, 130012,China

ABSTRACT: An asymmetric Y-branch Mach-Zehnder interferometer electro-optic switch with microstrip
line electrode is designed and fabricated. Through using two pairs of asymmetrical Y-branch waveguides as
the splitter and coupler, respectively, a phase difference between the two MZI arms, and then the bias-free
function can be realized.The switching time is measured to be ~100 ns. The reliability performance of the

device is analyzed and measured, too.
Keywords: Planar Optical Waveguide, Polymer Photonics, Electro-optic Switch
1. INTRODUCTION

High-speed electro-optic (EO) switches have important applications in the time-division multiplexing
(TDM) systems, wavelength-division multiplexing (WDM) systems, and other related systems [1, 2]. The
second order optical nonlinear organic materials are widely adopted to the fabrication of EO modulators
and switches due to their high EO coefficient and low dielectric constant. The polymer EO modulators
exhibit excellent performance of low half-wave voltage [3-5] and large bandwidth [6]. Though some EO
polymers, such as AJLS102 [3], CLD-1/PMMA [7] and AJL8/APC [8], have extremely high EO
coefficient more than 55 pm/V, they are not broadly available yet as fully commercial polymer products.
On the contrary, the EO materials based on Disperse Red 1 (DR1) chromophore can be simply synthesized
and commercially available, and the devices utilizing guest-host DR1/PMMA and side-chain DR1-PMMA
with favorable performance were widely reported [9, 10].

In this paper, an asymmetric Y-branch Mach-Zehnder interferometer (MZI) EO switch with microstrip line
(MSL) electrode is designed and fabricated. Through using two pairs of asymmetrical Y-branch

waveguides as splitter and coupler, respectively, the bias-free function is realized with a phase difference

. zhangdm@jlu.edu.cn; phone +86 431 85168097; fax +86 431 85168097
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between the two MZI arms. The reliability performance of the switch is tested and analyzed

experimentally.

2. EXPERIMENTAL
Polymer material

The EO polymer material is synthesized by physical doping 3wt% DR1 in SU-8 thinner and SU-8
(commercially from MicroChem) mixture. The host SU-8 is also adopted as the upper and lower cladding

materials, due to its high optical transparency, good chemical and thermal stability.
Waveguide scheme design

A Mach-Zehnder interferometer waveguide structure is designed to realize switching function. Different
from the traditio\nal symmetrical Y-branches, two asymmetrical Y-branches are adopted as splitter and
coupler, which could induce a phase difference of p/2 between the two MZI arms and realize the bias-free
function, as shown in Figure 1. In the simulation, X1 and L are set to be 20 #m and 1000 xm, respectively.
The thickness and width of the EO core of the buried strip waveguide are 3 um, the thickness of the upper
and lower cladding is 5 um. The refractive indices of the DR1/SU-8 core and SU-8 cladding are 1.596 and

1.573, respectively. We find that the switch can realize 3-dB state and bias-free function, when X2 = 24

um.

3-dB splitter 2

Figure 1. Schematic diagram of the polymer MZI EO switch.
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Device fabrication

The polymer switch fabricated by traditional semiconductor technology is shown in Figure 2 as follows: (a)
a 2.5-um-thick silica layer was grown on the silicon substrate by thermal oxide method; (b) 500-nm-thick
aluminum layer was deposited on the silica layer by thermal evaporation and patterned with wet-etching
technique as the bottom electrode; (c) a SU-8 layer with thickness of 5 um was spin—;oated, cured by UV
exposure and hard bake to be as the bottom cladding; (d) another 3 um SU-8 layer was spin-coated and
exposed to the UV light through a chromium mask. And then the sample is developed for 1 min to form the
waveguide channels; (e) the EO polymer material of DR1/SU-8 is spin-coated to fill in the channels; (f)
Inductively coupled plasma etching (ICP) with 40 sccm O2 and 4 sccm CF4 was adopted to remove the
slab on the top of the channels; (g) a 5 um SU-8 film was spin-coated and cured on the EO core as the top
cladding; (h) the 500 nm aluminum electrode was deposited on the top cladding by thermal evaporation and

patterned by conventional photolithography and wet etching.

The chromophore alignment of the final fabricated EO switch is achieved by using contact poling method.
After the device is heated to be 215 C in N2 atmosphere, a ~900 V DC poling voltage was applied
between the top and bottom electrodes for approximate 30 min, and then the switch was cooled down to the

room temperature while keeping the poling voltage.

(a) (b) (c) (d)

(f (8) (h)

Figure 2. The fabrication process of polymer AMZI EO switch

Device characterization and test
To evaluate the performance of the switch, a light power of 1 mW (A=1550 nm) output from the single

mode fiber is coupled input into the switch. The insertion loss is measured to be less than 10.8 dB, which
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includes the coupling loss, transmission loss and excess loss. 1 MHz square wave signal was used to drive
the switch, dynamic performance of the switch was expressed by the rise and fall times of 99 and 101 ns,

as shown in Figure. 3.

Figure 3. Switching characteristic of the device

3. RESULTS AND DISCUSSION

To study the long-term stability of the EO device, the relative measurements have been performed with
constant driving voltage and bias-free structure, which can ensure the switch operating at the same bias
state in the whole process. The switching function invalidation is mainly resulted from the poling effect
degradation, which represents as the decay of y33. According to Kohlraush equation, the decay of half

wavelength voltage Vi can be obtained

Vel®) _ oy
= exp(t/7)
V.0 )

Where t is the time, t is the characteristic relaxation time constant of the EQO material. The referential

Lo _ [1 + sin(]ﬁ—/ﬂ' )]/2
[ V.
in x (2)

Where V,, is the driving signal voltage, and A=nV,/V, is the amplitude of the over-driving signal.

output power of the MZI switch is

Then, the decay of amplitude can be expressed as
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A

A0) - exp[— (t/z)° ]

©)
the decay value of the amplitude within thousand minutes have been measured and recorded in Figure 4.
Through the exponential fitting method, the characteristic relaxation time constant of DR1/SU-8 is verified

to be 225.6 min.

4. CONCLUSIONS

An asymmetric Y-branch EO switch based on MZI structure is designed and fabricated. Utilizing
asymmetric Y-branch splitter and coupler, the bias point can be adjusted to 3-dB operation point, which
enables the switch operating without DC bias. The switch time, including rise time and fall time, are about
100 ns. The device reliability is characterized by the output amplitude decay of the switch. The

characteristic relaxation time constant of DR1/SU-8 EO polymer is measured to be 225.6 min.

yO+Ate"(-x/t1)
0.8 =
- y0 0.19729 £0.01279
A1 0.70836 +0.03001
0.6 |-
A t1 225.62835 +20.1844
<
0.4 (-
0.2 -
0.0 " 1 " 1 n 1 P | i ] A 1 L | SR | n 1 1
0 200 400 600 800 1000 1200 1400 1600 1800 2000

Time (min)

Figure 4. The amplitude decay of the device
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