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Polarization-insensitive thermo-optic switch based on multimode polymeric
waveguides with an ultralarge optical bandwidth

Xuejun Lu, Dechang An, Lin Sun, Qingjun Zhou, and Ray T. Chena)

Microelectronics Research Center, Department of Electrical and Computer Engineering,
The University of Texas at Austin, Austin, Texas 78712-1084

~Received 15 December 1999; accepted for publication 2 March 2000!

A promising polarization-insensitive thermo-optic switch based on multimode polymeric
waveguides is reported. This device has a packing density of 40 channels/cm. Simulation result
shows that an extinction ratio of greater than 20 dB can be achieved with the device–electrode
interaction length of 30 mm. The thermo-optic switch operating at wavelengths of 632.8 nm and 1.3
mm has been demonstrated experimentally with extinction ratios of 21 and 22 dB, respectively. Such
a device has an intrinsic wide optical bandwidth due to the large dynamic range of the
phase-matching condition implied by the multimode waveguides. The material employed provides
us with a switching speed of 100ms. © 2000 American Institute of Physics.
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Integrated optics plays an important role in several ar
of optical communication, such as advanced informat
processing, optoelectronic interconnections, and fiber-o
communications.1,2 High performance waveguide modula
tors and switches are important devices to fully utilize t
opportunities provided by integrated optics.3–5 All major op-
tical modulators and switches used in telecommunication
plications use single mode to cover the long distance requ
ments. From the packaging point of view, a few defects
waveguides and slight misalignments during device fabr
tion will degrade device performance significantly. Mor
over, devices based on single-mode waveguides can
work within a narrow wavelength range. For example,
Mach–Zehnder interferometer designed to work at a cer
wavelength will have problems when it is used at some ot
wavelengths. Switches and modulators based on multim
waveguides, because of their large dimension, can be m
under relatively easier fabrication conditions and packag
reliability. Furthermore, coupling light between multimod
waveguides and multimode optical fibers is usually easy
efficient. Therefore, multimode waveguides devices are c
patible with data communication applications for short int
connection distance.

In this letter, we present a thermo-optic switch based
multimode polymeric waveguides. This device has such
vantages as large fabrication tolerance, high device pac
density of 40 channels/cm, and an ultrawide operating wa
length range.

The schematic and real device structures of the mu
mode thermo-optic switch are shown in Figs. 1~a!, and 1~b!,
respectively. The device consists of a multimode guid
channel, a pair of heating electrodes, and a planar dum
waveguide under the guiding channel. The planar dump
layer is designed to be highly lossy~;26 dB/cm! so that
optic energy coupled from the guiding channel can be e
ciently dumped in the dumping layer. As a result, optic
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energy can only be coupled from the guiding channel to
dumping layer, while the coupling from the dumping layer
the guiding channel is minimized. Thus, the unidirection
coupling is achieved.6 The electrodes were implemented
thermo-optically control the phase matching condition7 of
the coupling between the guiding channel and the dump
layer. Because there is only one channel per switch in
structure, the device packing density~number of switches pe
unit area! can be twice that of devices with a coplan
configuration,6 where guiding channel and dumpling chann
are implemented in the same layer.

Based on the unidirectional coupling mechanism,6 we
simulated the dumping efficiency from the guiding chann
to the planar dumping layer. Figure 2 shows the simulat
result of the sum of the dumping efficiencies to all modes
the dumping layer. Note that the dumping efficiency of mo
than 20 dB can be achieved with the channel length of
mm. This shows that the planar dumping layer can eff
tively improve the dumping efficiency.

To control the phase matching condition therm
optically, a pair of heating electrodes was implemented
top of the guiding channel. By applying current induced h
through the electrodes, the temperature difference betw
the guiding channel and the other areas of the device (DT)
can be changed continuously. Beam propagation softw
~BeamProp®! was used to simulate the device operations
two switching states (DT50 and 30 °C! at 632.8 nm and 1.3
mm, respectively. The simulation result of 632.8 nm

FIG. 1. Structure of the unidirectional thermo-optical switch.~a! Schematic
view of the device structure.~b! SEM view of the device structure.
5 © 2000 American Institute of Physics
IP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp



n

as
de
ng

a
te
th
e
Th
er

e
he
n

vi
d
a
e
n
V
th

re
a
ic

o-

ng

ot
the
ow
s
d a

of
to
sing

nel
e
ng

ote

si-
on
ef-

tic
th.
e,
to

y
ion

.

mo-

2156 Appl. Phys. Lett., Vol. 76, No. 16, 17 April 2000 Lu et al.
shown in Fig. 3. The output optical energy of guiding cha
nel was high@Fig. 3~a!# whenDT was 0 °C. WhenDT was
30 °C, the light in the multimode guiding channel w
coupled to the dumping layer, which was highly multimo
planar waveguide. The output optical energy of guidi
channel became low@Fig. 3~b!#, which corresponding to the
phase match condition was satisfied.

The fabrication of the device followed the convention
lithography technique used in very large scale integra
~VLSI! fabrication. Master Bond UV15® was used as bo
the top cladding and the bottom cladding. Photolime g8

was used to make guiding channel and dumping layer.
thickness of guiding, dumping, and cladding layers w
measured to be 4.2, 4.4, and 4.1mm, respectively. The mul-
timode channel waveguide of 20.0mm34.2mm was defined
using lithography and then reactive ion etching~RIE! tech-
niques. The top heating electrodes were formed by conv
tional liftoff method. The length of the electrodes and t
total device were 3.0 and 3.6 cm, respectively. The resista
of the electrodes was measured to be 78V. A 632.8 nm
wavelength laser beam was endfire coupled into the de
through a 403 objective lens. The output light was focuse
through another 403 objective lens and then imaged onto
screen. An IR camera was used to obtain the near field r
time image, which was then collected by a computer a
analyzed by a Spiricon™ beam analyzer. An optimized 5
voltage was applied on the electrode, corresponding to
heating current of 62 mA.

Unlike conventional single mode devices which a
highly wavelength sensitive, the device reported herein is
intrinsically wide-band device due to the large dynam
range of the phase match conditions.6,9

FIG. 2. Normalized coupling efficiency as function of channel length
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Experimental results of 632.8 nm and 1.3mm are re-
ported in this section. For the case of 632.8 nm, the tw
dimensional~2D! and three-dimensional~3D! view of near
field output patterns are shown in Fig. 4. With no heati
current, the output of the guiding channel was high@Figs.
4~a! and 4~c!#, i.e., the phase matching conditions were n
satisfied. The light in the guiding channel was dumped to
dumping layer and the output of the guiding channel was l
@Figs. 4~b! and 4~d!# when a heating current of 62 mA wa
applied. The phase matching conditions were induced an
high extinction ration of221 dB was observed.

To observe the switching operation at the wavelength
1.3 mm, a 1.3mm wavelength laser beam was coupled in
the same device through the same experimental setup u
the same switching voltage. The three-dimensional~3D!
view of near field output patterns at 1.3mm is shown in Fig.
5. With no heating current, the output of the guiding chan
was high@Fig. 5~a!#. When heating current was 62 mA, th
light in the guiding channel was dumped to the dumpi
layer and the output of the guiding channel was low@Fig.
5~b!#. The extinction ratio was measured to be222 dB,
which is almost the same as that of 632.8 nm operation. N
that both 632.8 nm and 1.3mm laser beams were random
polarized. Unlike the EO effect, which is polarization sen
tive, the TO switching device reported herein is polarizati
insensitive due to the direction independence of thermal
fect (]n/]T).

In summary, we report on a multimode thermo-op
polymeric switch, covering an ultralarge optical bandwid
Due to the vertical layout of the dumping planar waveguid
the device has a device-packing density of 40 channels/cm
match 250mm fiber array spacing. The dumping efficienc
of greater than 20 dB was achieved with the interact

FIG. 4. Experiment results of the near field output patterns of the ther
optical switch at 633 nm.~a!, ~b! 2D view, ~c!, ~d! 3D view. ~a!, ~c! Without
heating current.~b!, ~d! With heating current of 62 mA.
l

FIG. 3. Simulation result of near-field
output pattern of the thermo-optica
switch. ~a! When the temperature dif-
ferenceDT was 0 °C. ~b! When the
temperature differenceDT was 30 °C.
IP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp
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FIG. 5. Experiment results of the 3D
near field output patterns of the
thermo-optical switch at 1.3mm. ~a!
Without heating current.~b! With
heating current of 62 mA.
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O
of

Lett.
length of 30 mm. Thermo-optic switching for randomly p
larized light at wavelengths of 632.8 nm and 1.3mm has
been observed experimentally using the same device.
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