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Abstract—Simultaneous all-optical switching of 20 continuous-
wave wavelength channels is achieved in a microring
resonator-based silicon broadband 1� 2 comb switch. Moreover,
single-channel power penalty measurements are performed
during active operation of the switch at both the through and the
drop output ports. A statistical characterization of the drop-port
insertion losses and extinction ratios of both ports shows
broad spectral uniformity, and bit-error-rate measurements
during passive operation indicate a negligible increase in signal
degradation as the number of wavelength channels exiting the
drop port are scaled from one to 16, with peak powers of �6 dBm
per channel. A high-speed broadband switching device, such as
the one described here, is a crucial element for the deployment
of interconnection networks based on silicon photonic integrated
circuits.

Index Terms—Electrooptic switches, multiprocessor intercon-
nection, optical resonators, optical switches, wavelength-division
multiplexing (WDM).

I. INTRODUCTION

WITH recent noteworthy advances in nanoscale fabri-
cation and dense integration, silicon photonic device

technologies have emerged as a viable solution for a mul-
titude of short-reach applications currently dominated by
electronic interconnects. Optical technologies supporting
the immense bandwidth allocated by wavelength-division
multiplexing (WDM), while offering low-power switching
capabilities, may alleviate the bandwidth and power limita-
tions in existing chip-to-chip and future on-chip networks
[1]. The silicon-on-insulator materials system is attractive for
realizing these photonic integrated circuit-based interconnec-
tion networks due to high index contrast and complementary
metal–oxide–semiconductor process compatibility [2]–[10].
Furthermore, microring resonators present valuable building
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Fig. 1. Diagram of the device structure and experimental setup used for active
measurements. (CSA: communications signal analyzer; DTG: data timing gen-
erator; �: tunable grating filter; mod: 10-Gb/s LiNbO modulator; OSA: optical
spectrum analyzer; Rx: receiver).

blocks, having exhibited complex passive filters [2]–[4], as well
as electrooptic and all-optical modulators [5]–[7].

Amidst this progress in silicon photonic technologies, a
low-power high-speed compact switch capable of operating
with high performance over a broad spectral bandwidth
presents a key building block for routing multiwavelength
data in integrated optical networks [7]–[10]. Dong et al. pro-
posed and demonstrated a comb-switching technique using a
single-ring device which can satisfy all the noted switching
requirements above [7]. In [8], low interchannel crosstalk in the
same device was demonstrated. In this letter, we show simul-
taneous switching of 20 continuous-wave (CW) wavelength
channels with nanosecond transition times by leveraging the
comb-switching technique. The state of the switch is toggled by
modifying the ring’s index via two-photon absorption induced
by a pump laser source operating at 1.5- m wavelengths.

II. BROADBAND SWITCHING DEVICE

The broadband switching device structure (Fig. 1), previously
reported in [7]–[9], comprises a ring resonator coupled to two
parallel waveguides (450-nm 250-nm cross sections). Input
light on (off) resonance is coupled to the drop (through) port.
The transmission spectra of both output ports, along with a third
port (a reference waveguide with the same length and cross sec-
tion as the through port waveguide), are plotted relative to one
another (Fig. 2). The maximum, minimum, average, and stan-
dard deviation of the passive extinction ratios (ERs) and in-
sertion losses (ILs), measured over the 47 resonances shown
in Fig. 2, are calculated for both output ports (Fig. 3 inset).
The passive ERs describe the maximum value that may be ob-
tained for the given device. They are limited by the coupling
condition, and can be degraded under active operation due to
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Fig. 2. Relative transmission spectrum over the �-band of the through port (black, solid), drop port (black, dashed), and output of the reference waveguide (gray,
solid), which is used to evaluate the through port IL. See Fig. 1 for output port definitions.

Fig. 3. BER curves taken for a signal consisting of 1 ( ), 12 (�), and 16 ( )
channels passively exiting the drop port of the switch. The measurements are
taken on channel C36 with a peak injection power of�6 dBm. The inset shows
statistics relating to the passive ERs and ILs through both switch ports (obtained
from data shown in Fig. 2).

free-carrier absorption. The drop-port IL is calculated as the dif-
ference between the reference waveguide output power and the
peak drop-port power of each resonator mode. The through-port
output power (off resonance) is comparable to that of the refer-
ence waveguide, indicating negligible losses induced by propa-
gating past the ring.

A 160-Gb/s data stream (16 WDM channels modulated at
10 Gb/s each) was passed through the drop port of the switch
passively (with no applied pump) with peak powers of approxi-
mately 6 dBm per channel [8]. The bit-error-rate (BER) degra-
dation due to interchannel crosstalk was found to be negligible
when scaling from one to 16 wavelength channels, indicating
further scalability of the switching bandwidth. The measure-
ments were performed by recording the BER curves for one
channel propagating through the drop port in the presence of
0, 11, and 15 additional data channels (Fig. 3).

III. ACTIVE OPERATION

The wavelengths of the ring’s resonant modes are simultane-
ously blue-shifted by injecting electronic carriers into the de-
vice due to free-carrier dispersion [7]. When the wavelength
of an optical signal is aligned on resonance, the presence of
a carrier-generating pump source switches the signal from the
drop port to the through port. Likewise, the removal of carriers
directs the signal back to the drop port. Carriers may be injected

using an optical pump [7], [9], [10] or an electrical signal ap-
plied to a p-i-n junction across the waveguide [4]–[6].

In this work, we switch a multiwavelength message co-
hesively by leveraging the small free-spectral range (FSR)
of 0.8 nm, allowing many resonator modes to each switch
one channel of a WDM signal simultaneously. Moreover,
the energy required to switch many channels is the same as
that required to switch a single channel. Utilizing additional
resonator modes therefore enables the switching of increased
signal bandwidth without significant penalty, aside from a
larger footprint (200- m diameter) compared to rings with
larger FSR. All-optical switching of two CW channels has
been previously demonstrated [7]. Here, we show switching of
20 CW wavelengths simultaneously, and investigate the active
BER performance for a single-channel signal.

The experimental setup (Fig. 1) consists of pump and probe
signals which are combined, passed through the switch, and
analyzed. The pump and probe wavelengths are not limited to
the -band, but are chosen there in order to take advantage
of the erbium-doped fiber amplifier (EDFA) gain. For the
multichannel experiment, the probe comprises 20 distributed
feedback lasers, occupying wavelength channels C21–C27,
C33–C38, and C46–C52 of the ITU -band. These CW outputs
are multiplexed together using a WDM with 100-GHz channel
spacing. The multichannel probe signals bypass the modulator
shown in Fig. 1. For the single-channel measurements, the
probe consists of a tunable laser source, modulated with a
10-Gb/s nonreturn-to-zero (NRZ) signal, encoded using a

pseudorandom bit sequence, generated by a pulse
pattern generator (PPG). The pump (C41) is provided by a
tunable laser, and is externally NRZ-modulated with a signal
generated by a data timing generator, which is synchronized to
the PPG. The pump is amplified using an EDFA, and combined
with the probe signal. The signals are coupled through a tapered
fiber into the nanotapered input waveguide. The pump signal,
composed of 12.8-ns pulses with a period of 102.4 ns, has an
approximate power of 100 mW before waveguide injection.
After exiting the chip, the transverse-electric polarization is
discarded, and the signals are collected in a fiber. The polarizer
is required due to polarization dependencies of the rectangular
waveguides. One probe channel then propagates through a
tunable filter, an EDFA, another tunable filter, and a variable
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Fig. 4. BER curves recorded for a single channel exiting the through (�) and
drop (�) ports actively, and back-to-back measurements through a reference
waveguide with no pump ( ). The inset traces are from the drop port with no
averaging, 2-ns/div time scales, and no limiting amplifier in use.

attenuator, and is received by a high-speed receiver containing
a transimpedance amplifier and limiting amplifier. The probe
is analyzed by a communications signal analyzer and a BER
tester (BERT) synchronized to the PPG. A fraction of power is
extracted for examining on an optical spectrum analyzer and
power meter.

In order to characterize the switch under active operation,
BER measurements are recorded while a single channel (C25)
propagates through the device (Fig. 4). The BERT is gated
over the arrival of data exiting the drop port (pump OFF) or the
through port (pump ON), depending on the measurement, and
error-free operation (BER less than ) is verified in both
cases. The back-to-back curve is taken through the reference
waveguide with no applied pump. The 1-dB through-port
power penalty is attributed to the dynamic operation and
loss-inducing presence of the pump. Noting the change in
slope of the drop-port curve, about 1 dB of its 2.3-dB power
penalty is ascribed to narrowband filtering and nonlinear phase
(3-dB bandwidth of 10.6 GHz) as in [2], [8], while the rest is
attributed to high-speed dynamic operation. The data channel’s
transitions are shown at the drop port (Fig. 4 inset). A more
optimal pumping scheme (e.g., [5]) may provide low-power
operation, improved extinction, and faster transitions (less than
100 ps).

Multiwavelength switching is demonstrated (Fig. 5) by si-
multaneously passing 20 CW wavelength channels through the
drop port in the presence of the same pump. The wavelengths
span 25-nm intermittently due to slight misalignment of the
100-GHz multiplexer and the 104-GHz microring FSR. The ac-
tive ERs (labeled in Fig. 5) are degraded by EDFA noise, but
nevertheless average 5.6 dB.

IV. CONCLUSION

We demonstrate for the first time simultaneous switching of
20 CW wavelengths in a silicon photonic comb switch. Power

Fig. 5. Switched waveforms exiting the drop port with corresponding ITU
channels and measured ERs labeled (ranging from 4.5 to 7.0 dB). A 32-point
average and 10-ns/div time scale is used. No limiting amplifier is used.

penalties of 1 and 2.3 dB are measured for a single-channel
signal at the through and drop ports, respectively, under high-
speed active operation. Based on evidence suggesting negli-
gible BER degradation from WDM-channel scaling, the demon-
strated low-penalty active operation, and the broadband unifor-
mity, the switch is envisioned to perform well in high-speed
multiwavelength silicon photonic networks.
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