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1. Introduction

In photonic network systems that use optical wave-
length for transmitting many data channels, node functions
such as optical add/drop multiplexers (OADMs) are indis-
pensable. Furthermore, in order to route optical channels
dynamically, a reconfigurable function is also required for
the OADMSs. However, today’s reconfigurable OADM
(R-OADM) systems are very large and consuming more
electric power. Therefore, we are studying integration of
node functions in order to realize compact and low power
consumption R-OADM systems.

For fabricating such integrated node-chips, 2D photonic
crystal (PC) slabs are promising platforms because various
optical devices can be realized on the PC slab platform.
Thus far we have demonstrated an optical switch [1], a
channel dropping filters [2], [3] and an OADM device [4]
with the PC slabs. In this paper, we describe an integrated
node-chip constructed with an optical switch and an
OADM device with PCs.

2. Structure and Fabrication

The integrated node-chip was constructed with a Si PC
slab based OADM device with wavelength tuning mecha-
nism and a 2 x 2 optical switch. They are both formed with
Mach-Zehnder interferometers (MZIs), on a SOI substrate,
as shown in Fig. 1. The branches of the MZIs are formed
with PC line-defect waveguides, and 3 dB couplers with Si
photonic-wire waveguides [5] connect the PC waveguides.

In the OADM device, the PC waveguides have a narrow
photonic band-gap for polarization electric field perpen-
dicular to the substrate [4]. Therefore, they work as Bragg
reflectors, and the OADM device drop out a specific wave-
length signal. The drop-out wavelength can be tuned by
controlling refractive index of the PC waveguides through
thermo-optic effect. We evaporated metal thin-film heaters
above the PC waveguides. On the other hand, in the 2 x 2
optical switch, the heater changes output port of optical
signals.

In device fabrication, SOI substrates were first patterned
with electronic beam lithography. Then, the device patterns
were formed by etching the top silicon layer down to the
buried oxide (BOX) layer with an inductively coupled
plasma dry etcher. Next, the top silicon layer was covered
with silica material to form a silica cladding PC slab
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waveguide and Si photonic-wire waveguide structures. Fi-
nally, above the covered silica layer, metal thin-film heaters
and their electrode pads were sputtered. The device we fab-
ricated was very compact with a net device footprint size of
500 x 140 square microns, excluding the electrode pads,
which was about 1/1000 of the size of available R-OADM
devices based on PLC or optical fibers [6]-[9].
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Fig. 1 Structure of the node-chip based on photonic crystal slab

3. Measurements

The node-chip was characterized with a wavelength
tunable laser and a spectrum analyzer. Tapered optical fi-
bers were used for coupling light in the input ports (IN and
ADD) of the node-chip, and for collecting the light signal
from the output ports (THROUGH and DROP) for analysis.
The polarization of the incident light was kept as electric
field perpendicular to the substrate, due to the polarization
dependence of the device. DC power supplies were used in
operating micro-heaters.

First, by introducing light signal in the ports IN and
ADD, the node-chip was measured for its transmission loss
spectra of the THROUGH and DROP ports, respectively,
when no heating current was applied for any heater. Fig. 2
(a) shows the transmission loss spectra from IN port to the
THROUGH and DROP ports, as well as that of a reference
straight Si photonic-wire waveguide. The insertion losses
were about 14 dB for both the THROUGH and DROP ports,
including the coupling losses between the optical fibers and
Si photonic-wire waveguides of about 5 dB/port. The drop-
ping central wavelength was 1562.8 nm. The channel drop-
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Fig. 2 Transmission spectra of the node-chip

ping bandwidth, i.e. the 3 dB bandwidth of the drop chan-
nel was about 5 nm. The extinction ratio at dropping wave-
length for the THROUGH port was about 40 dB.

Next, the transmission loss spectra of the THROUGH
and DROP ports were measured when 2 x 2 optical switch
operating (ON state). Fig. 2 (b) showed the transmission
loss spectra of a reference straight silicon waveguide and
the THROUGH and DROP ports of the node chip. In the
figure, the optical signal at dropping wavelength was
switched and returned to the THROUGH port. The heating
power for the optical switch was 82 mWw.

Finally, the transmission loss spectra for the
THROUGH and DROP ports were measured by changing
heating power added to the OADM heaters. When heating
power was increased, the dropping central wavelength was
shifted to longer wavelength. The dropping wavelength
shift dependence on heating power was found to be linear.
At the heating power of 0.9 W, a 10.8 nm wavelength shift
was obtained. Since the thermo-optic efficiency of silicon
material is about 20 times larger than that of silica used in
PLC and optical fiber based devices, the tuning power effi-
ciency was about 12 nm/W, which was almost 3 times lar-
ger than that of previously reported [6], [8], [10]. The tun-
ing response speeds were estimated to be approximately 0.1
ms.

4. Conclusions

Based on silicon photonic crystal and photonic-wire
waveguides, a compact node-chip (R-OADM) was for the
first time demonstrated through thermo-optic effect. The
device we fabricated was compact with a net device foot-
print size of 500 x 140 square microns, which was about
1/1000 of the today’s PLC or optical fiber based R-OADM
devices. The dropping central wavelength was 1562.8 nm.
The channel dropping bandwidth was about 5 nm. The ex-
tinction ratio at dropping wavelength for the THROUGH
port was about 40 dB. At the heating power of 0.9 W, a
10.8 nm wavelength shift was obtained with a high tuning
efficiency of 12 nm/W. The add-drop function was realized

-43-

at a 82 mW switch heating power of the 2 x 2 optical
switch.

The integrated node-chip offers significant opportunity
in realizing compact and low power consumption photonic
node systems, as well as that indicating a possibility of ap-
plying various kinds of photonic integrated circuits.
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