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Abstract : We p resent a 1 ×4 Y2branch digital op tical switch in w hich S2bend variable op tical at tenuat ors are inte2
grated. The S2bend waveguides ,w hich are always int roduced t o connect t he switch and t he standard f iber ar ray , are

made use of and designed as variable op tical at tenuat ors . A comp act device wit h low crosstalk and larger branch2
ing2angle is obtained. The device is f abricated on t he t hermo2op tic p olymer materials , and t he perf ormance of t he

device is measured. Wit h an applied driving p ower of less t han 200mW ,t he device has a low crosstalk of less t han

- 35dB at a wavelengt h of 1155μm.
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1 　Introduction

Optical switches are key component s of optical
communication systems. The Y2branch digital opti2
cal switch (DOS) has att racted extensive at tention
because of it s digital response , low polarization2
and wavelength2sensitivity , high optical band2
widt h ,and stable switching characteristics[ 1～3 ] ,but
it still has t he p roblem that t he conventional Y2
branching angle is limited within a very small range
f rom 0105°to 0112°,making t he fabrication process
difficult and t he device long. Researchers have at2
tempted to design a large2angle DOS wit hout af2
fecting it s switch characteristics[4～6 ] . Integrating
t he switch wit h variable optical at tenuators
( VOAs) is a good way to realize low crosstalk
while reducing t he requirement for the branching
angle[7 ] . In t his paper ,we report a 1 ×4 Y2branch
DOS in which S2bend VOAs are integrated. The
device is fabricated on polymer ,and t he thermo2op2
tic effect is applied.

2 　Principle and design

A schematic view of t he proposed switch is

shown in Fig. 1. The 1 ×4 DOS consist s of t hree Y2
branch switch unit s in a t ree configuration. The de2
vice operates t hrough adiabatic mode evolution and
t he thermo2optic effect of polymer materials[6 ] .

Fig. 1 　Schematic of 1 ×4 DOS

In the 1 ×4 DOS , t he four bend waveguides ,
which are commonly used to achieve a 250μm sepa2
ration between adjacent outp ut port s for fiber2array
coupling ,are designed as a kind of S2bend t hermo2
optic VOA. A top view and a cross section of a
VOA are shown in Fig. 2. The S2bend VOA does
not work when t he elect ric current does not flow
t hrough it s heaters. Once elect ric power is supplied
to t he heaters ,a temperature gradation and ref rac2
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tive index gradation will form in t he vertical direc2
tion[8 ] ,and t he optical power in t he vertical direc2
tion will leak because of t he negative t hermo2optic
coefficient of t he polymer materials. According to
t he t heory of radiation loss of the bend
waveguides ,t he same p henomena occur in t he opti2
cal power in t he horizontal direction ,and the hori2
zontal displacement of t he heaters f rom t he bend
waveguide even aggravates t he leakage. The heat2
ers’action in t he vertical and horizontal directions
dest roys t he mode confinement , leading to optical
power loss in both directions ,which means t he S2
bend waveguide f unctions as a VOA. Low insertion
loss and low crosstalk of t he VOA can be achieved
by optimizing t he radius of t he bend waveguide and
t he position of t he heaters[ 9 ] .

Fig. 2 　Top view and cross section of S2bend VOA

Wit h t he employment of the S2bend VOAs ,
t he p roposed 1 ×4 DOS can be realized with low
crosstalk. When elect ric power is supplied to heater
1 ,t he ref ractive index will decrease because of the
negative t hermo2optic coefficient of t he polymer
material . Thus most of the inp ut signal is t rans2
ferred to t he right arm of the lower Y2branch due
to t he mode evolution. The elect ric power is also
supplied to heater 6 at t he same time ,so the major2
ity of t he signal in t he right arm is directed to port
2. The residual optical signal in port 1 is f urt her at2
tenuated by it s S2bend VOA , t hus greatly impro2
ving t he crosstalk characteristic. The only f unction
of t he t hree Y2branch switch unit s is optical energy
switching wit hout realizing low2crosstalk. We can
choose a larger branching angleθas 013°,and t hus
t he fabrication process becomes easier and t he de2
vice becomes smaller .

In our experiment s , ZPU122464 and ZPU122
459 ,t he polymer materials of ZPU122RITM series
f rom Zen Photonics L td Co , are used as t he core

layer and t he cladding layers , whose ref ractive in2
dexes are 11464 and 11459 at t he wavelengt h of
1155μm ,respectively. The t hermo2optic coefficient
is - 117 ×10 - 4 K- 1 ,and t he t hermal conductivity is
0117W/ (m ·K) . The device is fabricated on glass.
By our analysis and optimization ,t he radius of t he
S2bend VOA is designed to be 34000μm ,which re2
sult s in an insertion loss of about 013dB ; Widt h
VOA and Widt h Y ,as shown in Fig. 1 ,are 11115
and 27μm , respectively ; t he size of t he S2bend
waveguide is 5μm ×5μm , while t hat of t he Y2
branch waveguide is 7μm ×7μm , so tapers are in2
t roduced to connect the two upper Y2branches and
t he four S2bend waveguides ; t he width of VOA’s
heaters and t hat of t he Y2branches’heaters are de2
signed to be 4 and 7μm ,respectively ,and t he heat2
ers of t he two upper Y2branches and t he heaters of
t heir corresponding S2bend VOAs are connected in
series ; t he distance between t he adjacent S2bend
outp ut s is 250μm so as to couple wit h a standard
fiber array.

Obtained by the beam propagation method
(BPM) , Figure 3 shows outp ut powers in port 1
and port 2 as f unctions of t he temperat ure when
heater 1 and heater 6 are working at the same
time.

Fig. 3 　Simulation of the output with heater 1 and

heater 6 working at the same time

3 　Experiment

In t he fabrication process , a p romoter
(ZA P1020) was first spin2coated on t he subst rate.
Then the lower clad and core layers were spin2coa2
ted wit h t hicknesses of 20 and 7μm , respectively.
After each spinning ,layers were exposed to ult ra2
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violet light for curing and were t hen baked at
160 ℃ for 1h. The waveguides were pat terned by
p hotolit hograp hy and an inductively coupled plas2
ma ( ICP) etching process using O2 plasma. The up2
per layer was t hen spin2coated and cured. Through
E2beam evaporation , p hotolit hograp hy , and etch2
ing ,t he Ti2Au heaters were made.

To characterize t he switch , the laser at t he
wavelengt h of 1155μm was coupled directly to the
device t hrough a single mode fiber . We took the
pict ures at t he end of t he outp ut waveguide wit h an
inf rared camera. Figure 4 illust rates t he switching
of t he outp ut optical power f rom port 1 to port 4
when different heaters are running. It can be seen
t hat t he paired outp ut port s ,port s 1 and 2 or port s
3 and 4 , show great extinction ratio s while the

Fig. 4 　Four different output states under certain driv2
ing power when the corresponding heaters work at the

same time

crosstalk of the ot her port s is worse ,which is ex2
pected to improve by applying driving power on the
corresponding VOAs. The device was also qualita2
tively measured. Limited by t he experimental e2
quip ment ,only two channels can be investigated at
one time , so t he paired outp ut port s were meas2
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 heat2
er 5 are running at t he same time. From Fig. 5 (a) ,

it can be seen that as the outp ut power of port 2 in2

Fig. 5 　(a) Optical power in Port 1 and Port 2 versus

heating power with heater1 and heater6 working at the

same time ; (b) Optical power in Port 1 and Port 2 ver2
sus heating power with heater 1 and heater 5 working at

the same time

creases slowly ,t he power of port 1 decreases rapid2
ly due to t he attenuation f unction of VOA 4 ; t he
driving power is about 180mW ,and t he crosstalk is
about - 37dB. From Fig. 5 (b) ,as t he outp ut power
of port 1 increases slowly ,the power of port 2 de2
creases rapidly due to the at tenuation f unction of
VOA 3 ;t he driving power is about 160mW ,and t he
crosstalk is about - 35dB. Similar result s are ob2
tained when heater 2 and heater 3/ heater 4 are e2
lect rically driven , and we conclude t hat t he
crosstalk reaches below - 35dB while t he switc2
hing power is below 200mW. The insertion loss is
measured to be about 5dB ,which includes a 015dB
loss caused by t he device st ructure , about 3dB of
loss int roduced by the polymeric materials and t he
imperfect waveguides , and about 115dB of fiber2
coupling loss. The loss can be minimized by impro2
ving the fabrication processes and fiber2coupling
technique. The switching time is about 3～4ms.
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4 　Conclusion

In summary ,a 1 ×4 optical switch with S2bend
VOAs integrated in it is experimentally demonst ra2
ted. Through directly designing variable optical at2
tenuators in t he S2bends , a low2crosstalk optical
switch ,which is mo st desirable for large2scale p ho2
tonic networks ,is realized. The fabrication becomes
easier ,and the device can be made smaller because
t he Y2branch can be designed wit h a large branch2
ing2angle. Wit h an applied driving power of less
t han 200mW ,it has a low crosstalk of less t han -
35dB at t he wavelengt h of 1155μm. The insertion
loss is about 5dB. The switching time is about 3～
4ms. This device will find applications in integrated
optical circuit s.
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基于热光效应的 1 ×4 聚合物数字光开关 3
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摘要 : 提出了基于热光型聚合物的集成有 S 弯曲光衰减器的 1 ×4 Y分叉数字光开关 . 利用开关与光纤阵列耦合
用的 S 弯曲 ,将其设计成可变光衰减器 ,这使得器件更紧凑 ,并获得低串扰和大分叉角.在小于 200mW 的驱动功耗
下 ,器件串扰可低至 - 35dB.
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