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Abdgtract : We present a 1 x4 Y-branch digital optical switch in which S bend variable optical attenuators are inte-
grated. The S bend waveguides,which are always introduced to connect the switch and the standard fiber array ,are
made use of and designed as variable optical attenuators. A compact device with low crosstalk and larger branch-
ing-angle is obtained. The device is fabricated on the thermo-optic polymer materials,and the perf ormance of the
device is measured. With an applied driving power of less than 200mW ,the device has a low crosstalk of less than

- 35dB at a wavelength of 1 53 m.
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1 Introduction

Optical switches are key components of optical
communication systems. The Y-branch digital opti-
cal switch(DOS) has attracted extensive attention
because of its digital response, low polarization
and wavelength-sendtivity, high optical band-
width ,and stable switching characteristics™ * ,but
it still has the problem that the conventional Y-
branching angleislimited within a very small range
from 0. 05° to 0. 12° ,making the fabrication process
difficult and the device long. Researchers have at-
tempted to design a largeangle DOS without af-
fecting its switch characteristics® °. Integrating
the switch with variable optical attenuators
(VOASs) is a good way to realize low crosstalk
while reducing the requirement for the branching
angle!” . In this paper ,we report a 1 x4 Y-branch
DOSin which Sbend VOASs are integrated. The
device isfabricated on polymer ,and the thermo-op-
tic effect is applied.

2 Principle and design

A schematic view of the proposed switch is
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shownin Fig.1. The 1 x4 DOSconsstsof three Y-
branch switch unitsin atree configuration. The de-
vice operates through adiabatic mode evol ution and
the thermo-optic effect of polymer materials® .

Fg.1 Schematic of 1 x4 DOS

Inthe 1 x 4 DOS,the four bend waveguides,
which are commonly used to achieve a 250 m separ
ration between adjacent output portsfor fiber-array
coupling ,are desgned as a kind of S bend thermo-
optic VOA. A top view and a cross section of a
VOA are shown in Fig. 2. The Shend VOA does
not work when the electric current does not flow
through its heaters. Once electric power is supplied
to the heaters,a temperature gradation and refrac-
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tive index gradation will form in the vertical direc
tion'® ,and the optical power in the vertical direc-
tion will leak because of the negative thermo-optic
coefficient of the polymer materials. According to
the theory of radiation loss of the bend
waveguides ,the same phenomena occur in the opti-
cal power in the horizontal direction ,and the hori-
zontal displacement of the heaters from the bend
waveguide even aggravates the leakage. The heat-
ers action in the vertical and horizontal directions
destroys the mode confinement ,leading to optical
power loss in both directions,which means the S
bend waveguide functions as a VOA.Low insertion
loss and low crosstalk of the VOA can be achieved
by optimizing the radius of the bend waveguide and
the position of the heaters'® .
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Fig.2 Top view and cross section of Sbend VOA

With the employment of the Sbend VOASs,
the proposed 1 x 4 DOS can be realized with low
crosstal k. When electric power is supplied to heater
1 ,the refractive index will decrease because of the
negative thermo-optic coefficient of the polymer
material. Thus most of the input sgnal is trans
ferred to the right arm of the lower Y-branch due
to the mode evolution. The electric power is a0
supplied to heater 6 at the same time,so the major-
ity of the signal in the right armis directed to port
2. The resdual optical sgnal inport 1isfurther at-
tenuated by its Sbend VOA ,thus greatly impro-
ving the crosstalk characteristic. The only function
of the three Y-branch switch unitsisoptical energy
switching without realizing low-crosstalk. We can
choose a larger branching angle® as 0. 3° ,and thus
the fabrication process becomes easer and the de-
vice becomes smaller.

In our experiments, ZPU12-464 and ZPU12-
459 ;the polymer materials of ZPU12-RITM series
from Zen Photonics Ltd Co ,are used as the core

layer and the cladding layers,whose refractive in-
dexes are 1 464 and 1 459 at the wavelength of
1 5% m,regectively. The thermo-optic coefficient
is-17x10 *K ' and the thermal conductivity is
0 17W/ (m - K). The device isfabricated on glass.
By our analys s and optimization ,the radius of the
Sbend VOA is desgned to be 3400Q4 m ,which re-
sultsin an insertion loss of about 0. 3dB; Width _
VOA and Width_ Y ,as shownin Fig.1,are 111 5
and 21 m, respectively; the sze of the Sbend
waveguide is 3 m x 1 m, while that of the Y-
branch waveguide is U m x U m,s0 tapers are in-
troduced to connect the two upper Y-branches and
the four Sbend waveguides;the width of VOA’ s
heaters and that of the Y-branches heatersare de-
signed to be 4 and T m ,respectively ,and the heat-
ers of the two upper Y-branches and the heaters of
their corresponding S bend VOASs are connected in
series; the distance between the adjacent S bend
outputsis 250 m 0 as to couple with a standard
fiber array.

Obtained by the beam propagation method
(BPM) ,Figure 3 shows output powers in port 1
and port 2 as functions of the temperature when
heater 1 and heater 6 are working at the same
time.
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Fg.3 Smulation of the output with heater 1 and
heater 6 working at the same time

3 Experiment

In the fabrication process, a promoter
(ZA P1020) wasfirst spincoated on the substrate.
Then the lower clad and core layers were spin-coa
ted with thicknesses of 20 and T m,respectively.
After each spinning ,layers were exposed to ultra
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violet light for curing and were then baked at
160 for 1h. The waveguides were patterned by
photolithography and an inductively coupled plas
ma(ICP) etching process usng O: plasma. The up-
per layer was then spin-coated and cured. Through
E beam evaporation, photolithography , and etch-
ing ,the Ti-Au heaters were made.

To characterize the switch,the laser at the
wavelength of 1 5% m was coupled directly to the
device through a sngle mode fiber. We took the
pictures at the end of the output waveguide with an
infrared camera. Figure 4 illustrates the switching
of the output optical power from port 1 to port 4
when different heaters are running. It can be seen
that the paired output ports ports 1 and 2 or ports
3 and 4, show great extinction ratios while the
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Fig.4 Four different output states under certain driv-
ing power when the corresponding heaters work at the
same time

crosstalk of the other portsis worse,which is ex-
pected to improve by applying driving power on the
corresponding VOASs. The device was also qualita
tively measured. Limited by the experimental e
quipment ,only two channels can be investigated at
one time, 0 the paired output ports were meas
ured. The switching properties are shown in Fig.5
(a) when heater 1 and heater 6 are running at the
same time and in Fig.5(b) when heater 1 and heat-
er 5 are running at the same time. From Fig.5(a) ,

it can be seen that asthe output power of port 2in-

0 —
% "-o..,_‘
2 -10¢
g ..
3 ..
R} -20[’ -
&
=
8
F -30p —®Port2
E @ Portl .
Z

40F @ "o
0 40 80 120 160 200
Heating power/mW

o 0 .....4..... ..... [y [ YR N
g .
5
§-10
g
B .20
)
5]
=
E-30F —e-Pontt
o
“ | o
405 e o - 160

Heating power/mW

Fig.5 (a) Optica power in Port 1 and Port 2 versus
heating power with heaterl and heater6 working at the
same time; (b) Optical power in Port 1 and Port 2 ver-
sus heating power with heater 1 and heater 5 working at
the same time

creases dowly ,the power of port 1 decreases rapid-
ly due to the attenuation function of VOA 4;the
driving power is about 180mW ,and the crosstalk is
about - 37dB. From Fig.5(b) ,as the output power
of port 1 increases sowly ,the power of port 2 de-
creases rapidly due to the attenuation function of
VOA 3;the driving power is about 160mW ,and the
crosstalk is about - 35dB. Smilar results are ob-
tained when heater 2 and heater 3/ heater 4 are e
lectrically driven, and we conclude that the
crosstalk reaches below - 35dB while the switc
hing power is below 200mW. The insertion lossis
measured to be about 5dB ,which includes a 0. 5dB
loss caused by the device structure,about 3dB of
lossintroduced by the polymeric materials and the
imperfect waveguides, and about 1 5dB of fiber-
coupling loss. The loss can be minimized by i mpro-
ving the fabrication processes and fiber-coupling
technique. The switching timeis about 3 4ms.
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4 Conclusion

In summary ,a 1l x4 optical switch with S bend
VOAsintegratedinit isexperimentally demonstra
ted. Through directly designing variable optical at-
tenuators in the Sbends, a low-crosstalk optical
switch ,which is most desrablefor large scale pho-
tonic networks ,is realized. The fabrication becomes
easer ,and the device can be made smaller because
the Y-branch can be desgned with a large branch-
ing-angle. With an applied driving power of less
than 200mW it has alow crosstalk of less than -
35dB at the wavelength of 1 5% m. The insertion
lossisabout 5dB. The switching time is about 3
4ms. This device will find applicationsin integrated
optical circuits.
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