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Abstract Mode- and polarization-division multiplexing
are new promising options to increase the transmission
capacity of optical communications. On-chip silicon
polarization and mode handling devices are key compo-
nents in integrated mode- and polarization-division multi-
plexed photonic circuits. In this paper, we review our
recent progresses on silicon-based polarization beam
splitters, polarization splitters and rotators, mode (de)
multiplexers, and mode and polarization selective
switches. Silicon polarization beam splitters and rotators
are demonstrated with high extinction ratio, compact
footprint and high fabrication tolerance. For on-chip mode
multiplexing, we introduce a low loss and fabrication
tolerant three-mode (de)multiplexer employing sub-wave-
length grating structure. In analogy to a conventional
wavelength selective switch in wavelength-division multi-
plexing, we demonstrate a selective switch that can route
mode- and polarization-multiplexed signals.

Keywords silicon photonics, polarization beam splitter,
polarization splitter and rotator, mode (de)multiplexer,
selective switch

1 Introduction

Optical communication technologies have made many
breakthroughs to support the increasing information
capacity in the past decade. The transmission capacity of
a single fiber increases by ten times every four years [1].
Multiple dimensions of an optical carrier, including time,
frequency, phase, mode and polarization, can be employed
to carry optical data. Recently, as a new dimension, space
has been explored to increase the data-carrying capacity
[2]. Much progress has been made, including space-

division multiplexing (SDM) in multi-core fibers [1,3] and
mode-division multiplexing (MDM) in few-mode fibers
[4,5]. The transmission capacity of a single fiber can be
increased significantly when combining the five multi-
plexing dimensions.1)

Photonic integrated circuits are promising schemes in
optical communication systems [6]. Integrated photonic
devices can be fabricated on many material platforms, such
as silicon [7], Si3N4 [8], silica [9], InP [10], GaAs [11], and
LiNbO3 [12]. In recent years, silicon photonics has become
one of the most promising platforms for photonic
integration due to the advantages of low cost, low power
consumption, compact footprint, high level of integration,
and compatibility with mature complementary metal oxide
semiconductor (CMOS) processes [13]. Many impressive
silicon passive and active devices have been achieved,
including on-chip lasers [14,15] and sources [16,17],
modulators [18], switches [19], filters [20,21], interleavers
[22], diodes [23], and photodetectors [24]. Photonic
integrated MDM and polarization-division multiplexing
(PDM) technologies have attracted much attention in the
past years [25]. On-chip polarization and mode handling
devices are key components, including polarization beam
splitter (PBS), polarization rotator (PR), polarization
splitter and rotator (PSR), mode (de)multiplexer, mode
and polarization switch, and so on.
In this paper, we review our recent work on silicon

polarization and mode handling devices. In Section 2,
silicon-based PBS, PR and PSR devices will be discussed.
A PBS is used to separate an input light to two orthogonal
polarized beams (TE and TM). A high-extinction-ratio
grating-based PBS and a bridged-bent-coupler-based PBS
will be shown in Section 2.1. An ultra-compact bent-
coupler-based PSR and a large tolerance subwavelength-
grating-based PSR will be introduced in Section 2.2. Low
loss and large tolerance mode multiplexers are key devices
in MDM schemes. A silicon three-mode (de)multiplexer
employing subwavelength grating will be discussed in
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Section 3. In analogy to a conventional wavelength
selective switch (WSS) that routes any wavelength channel
from one input port to any output port, a switch that can
route mode- and polarization-multiplexed signals can
effectively increase the capacity and add new functional-
ities. We demonstrate an on-chip silicon 2 � 2 mode- and
polarization-selective switches (MPSS) operating on one
wavelength in Section 4.

2 Silicon polarization handling devices

Polarization handling devices, including PBSs, PRs and
PSRs, are widely used in the PDM systems. They are also
key components in the polarization-diversity scheme,
which is a general solution to eliminate the polarization
sensitivity of silicon waveguide devices [26]. Polarization-
diversity scheme has many important applications, such as
in coherent receiver systems [27,28].

2.1 Polarization beam splitters

A PBS is a basic building block for polarization
controlling. Many schemes were proposed to realize PBS
devices, including multimode interference (MMI) struc-
tures [29,30], photonic crystal [31], out-of-plane grating
[32], hybrid plasmonic waveguides [33,34], directional
couplers (DCs) [35,36], and so on. We introduce two kinds
of on-chip PBSs in the following.

2.1.1 High-extinction-ratio grating-based PBS [37]

Polarization extinction ratios (PERs) are important for a
PBS, and typically at least 30 dB are needed in the practical
applications [38]. A compact PBS based on asymmetrical
grating-assisted contradirectional couplers (GACCs) was

theoretically proposed [39]. An advantage of such PBS is
that it does not require stringent phase matching and
coupling length conditions. We performed a detailed study
of a high-extinction-ratio PBS in terms of design,
fabrication, and tolerance to width and coupling length
variations. Figures 1(a) and 1(b) show the schematic
structure for the proposed GACC-based PBS. The device
consists of two parallel silicon strip waveguides, A and B.
The corrugations on the sidewall of the two waveguides
are designed to form grating structures. The sidewall
grating is designed to enhance the contra-directional
coupling of the TE polarization, but has no effect on the
coupling of the TM polarization. Therefore, a TE-polarized
light is contra-directionally coupled from waveguide A to
waveguide B by the periodic corrugations. High-efficiency
TE-polarized light output is obtained in the Cross port. A
TM-polarized light goes through waveguide A without
coupling. High-efficiency TM-polarized light outputs at
the Thru port.
The period and the duty cycle of the corrugations are L =

344 nm and 52%, respectively. The corrugation widths on
waveguide A and waveguide B are DWA = 137 nm and
DWB = 123 nm, respectively. The gap between the
waveguides is 65 nm. The coupling length of the two
waveguides is determined by the period L and corrugation
period numbers N. Figures 1(c) and 1(d) show the power
distributions in the PBS structure for the TE- and TM-
polarized light inputs, respectively, which are calculated by
three-dimensional finite-difference time-domain (3D
FDTD) method. The simulation results show that the TE-
and TM-polarized light signals are separated by the grating
structure effectively. Figure 2 shows the scanning electron
microscope (SEM) images of a fabricated PBS with a
corrugation period number N = 80.
In the measurements, the TE- and TM-polarized lights

from a tunable laser (Keysight 81960A) were coupled into/
out of the chip by grating couplers. The output spectra

Fig. 1 Schematic structure of the proposed GACC-based PBS. (a) 3D view; (b) top view. Simulated power distributions for (c) TE-
polarized light inputs, (d) TM-polarized light inputs [37]
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were recorded by an optical spectrum analyzer (OSA)
(Yokogawa AQ6370B). The grating couplers exhibit a
significant polarization dependence. Figure 3 illustrates the
measured transmission responses at the Cross and Thru
ports of a fabricated PBS for the TE- and TM-polarized
input signals, respectively. The corrugation period num-
bers N is 80, and the corresponding coupling length is
27.52 mm. The responses are normalized to the transmis-
sion of a grating-coupled straight waveguide. For the TE-
polarized light input, the PER is higher than 30 dB in the
wavelength range of 1517 – 1538 nm, and the insertion
loss is less than 1 dB. For the TM-polarized light input, the
PER is higher than 30 dB in the wavelength range of
1517 – 1544 nm, and the insertion loss is less than 1 dB.
The operation wavelength can be finely tuned by changing
the corrugation period and the width. Wider operation
bandwidth could be realized by applying larger refractive-
index perturbation and stronger coupling [39].

2.1.2 PBS based on a bridged bent coupler [40]

Figures 4(a) and 4(b) show the schematic structure of a
proposed PBS based on a bridged asymmetrical bent

directional coupler. To achieve high PER and broad
operation bandwidth, a parallel bridged waveguide is
placed in a conventional bent directional coupler. The three
bent waveguides have different core widths of w1, w2 and
w3, respectively. The phase-matching condition is satisfied
for the coupling of TM polarization between the three bent
waveguides. Therefore, the TM-polarized light is coupled
from the Input port to the Cross port. On the other hand, the
phase-matching condition is not satisfied due to the
birefringence of the silicon waveguides for the TE
polarization. The TE-polarized light goes through the
input waveguide directly and outputs at the Bar port. The
bending radius of waveguide 1 (WG 1) is R1 = 20 mm. The
arc-angle of the coupling region is 0.1p rad, and the
corresponding coupling length is 6.28 mm. Figures 4(c)
and 4(d) show the simulated power distributions for the
TE- and TM-polarized light inputs, respectively. The
simulated results show that, the TM-polarized light is
coupled and outputs from the Cross port, while the TE-
polarized light goes through the waveguide directly and
outputs from the Bar port.
Figure 5(a) shows a SEM photo of a fabricated PBS.

Figures 5(b) and 5(c) show the measured transmission

Fig. 2 (a) SEM image of a fabricated GACC-based PBS with corrugations period number N = 80; (b) magnified micrograph of the
gratings [37]

Fig. 3 Measured transmission responses at the Cross and Thru ports for (a) TE-polarized and (b) TM-polarized light inputs, respectively
[37]
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responses at the Bar and Cross ports of the fabricated PBS
when the TE- and TM- polarized lights are injected,
respectively. For the TE-polarized light input, high-
efficiency TE-polarized light output is obtained at the
Bar port. The PER is higher than 15 dB in a broad
wavelength range of 1507 – 1600 nm, and the insertion
loss is < 1 dB. For the TM-polarized light input, the PER
is higher than 20 dB in the wavelength range of
1507 – 1600 nm, and the corresponding insertion loss
is< 1 dB in the broad wavelength range.

2.2 Polarization splitters and rotators

Polarization splitting and rotating can be achieved
simultaneously in a PSR device, which works as a PBS
cascaded with a PR. When the vertical and horizontal
symmetry is broken and if two orthogonal modes have

equal effective refractive indices and optical paths, cross-
polarization coupling occurs, and one polarization can be
effectively converted to the other one [41]. Many types of
silicon-waveguide PSRs have been reported based on
various structures, including directional coupler [42,43],
MMI [30], Y-junctions [44], and so on. We discuss two
kinds of PSRs in the following.

2.2.1 Silicon PSR based on a bent directional coupler [45]

Figures 6(a) and 6(b) show the schematic structure of the
proposed PSR device. It consists of two parallel silicon
bent waveguides (WG 1 and WG 2) coupled to each other.
To achieve an efficient TM-TE cross-polarization conver-
sion, air, which is different from the bottom silicon oxide
layer, is adopted as the top cladding. The widths of the two
bent waveguides are optimized so that the fundamental TM

Fig. 4 (a) and (b) Schematic structure of the proposed bridged bent coupler PBS; (c) and (d) simulated power distributions in the PBS for
the TE- and TM-polarized light inputs, respectively [40]

Fig. 5 (a) SEM photo of a fabricated PBS based on a bridged bent directional coupler. Measured transmission responses at the Bar and
Cross ports for (b) TE-polarized and (c) TM-polarized light inputs [40]
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mode in WG 1 and the fundamental TE mode in WG 2
have equal optical path lengths, i.e., the phase matching
condition is satisfied. In this case, an efficient TM-TE
cross-polarization coupling occurs between the two bent
waveguides. The TM-polarized light in WG 1 is coupled to
WG 2 and is simultaneously converted to the TE-polarized
light. TE-polarized light outputs at the Cross port. On the
other hand, due to the birefringence of the silicon nano-
waveguides, the phase matching condition cannot be
satisfied between the TE mode in WG 1 and any guided
mode in WG 2. Thus, the TE-polarized light goes through
WG 1 without coupling and outputs at the Bar port.
The angle q of the coupling region is optimized to be

26°, and the corresponding coupling length is Lc = R1sin(q)
= 8.77 mm. Figures 6(c) and 6(d) depict the simulated
power distributions at the plane of z = 0 for the TE- and

TM-polarized light inputs, respectively. The simulation
results show that, the TM-polarized light is separated from
the TE-polarized light and simultaneously rotated by the
bent directional coupler.
A SEM photo and magnified micrographs of a fabricated

PSR based on a bent directional coupler are provided in
Figs. 7(a) and 7(b). Figures 7(c) and 7(d) show the
measured and simulated transmission responses at the
Cross and Thru ports of the fabricated PSRs for the TE-
and TM-polarized light inputs, respectively. For the TE-
polarized light input, the insertion loss is lower than 0.3
dB, and the crosstalk value is lower than – 20 dB in the
wavelength range of 1530 – 1600 nm. For the TM-
polarized light input, the TM-to-TE conversion loss is
0.135 dB at l = 1564 nm, and the conversion loss is lower
than 1 dB in the wavelength range of 1544 – 1585 nm. The

Fig. 6 Schematic structure of the proposed silicon PSR based on a bent directional coupler. (a) 3D view; (b) top view. (c) and (d)
Simulated power distributions at the plane of z = 0 for the TE- and TM-polarized light inputs, respectively. The four insets depict the mode
distributions at the cross section of yz of Input and Output ports [45]

Fig. 7 (a) SEM photo of a fabricated PSR based on a bent directional coupler; (b) magnified micrographs of the bent directional coupler.
Measured and simulated transmission responses at the Cross and Thru ports for (c) TE-polarization and (d) TM-polarization [45]
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crosstalk value for the TM-polarized light input is< – 18
dB. The residual TM-polarized light in the Thru port is
depicted by the thin blue curve of Fig. 7(d). The blue field
shows the noise of the remaining TM-polarized light in the
Thru port at the longer wavelength, which is attributed to
the fact that the wavelength is at the edge of the grating
couplers’ transmission spectra, resulting in large fluctua-
tion of the normalized spectrum. The thin dashed curves in
Figs. 7(c) and 7(d) represent the simulated responses of the
PSR calculated by 3D-FDTD methods, which are in good
agreement with the experimental results.

2.2.2 Silicon PSR using subwavelength grating [46]

Most previously reported PSRs show limited PERs (< 20
dB) and are sensitive to fabrication errors [42]. Some
fabrication-tolerant PSRs were demonstrated employing
tapered directional couplers or taper-etched waveguides, at
the cost of large footprints and complex fabrication process
[43,47,48]. Subwavelength grating (SWG) is a periodic
structure functioning as a homogenous medium, which
provides a new approach to effectively tailor the refractive
index by modifying the pitch, width and duty cycle of the
grating structure [49]. In addition, with properly designed
parameters, the phase-matching condition can be main-
tained if the SWG waveguide width changes with that of a
strip waveguide, thus resulting in tolerance to fabrication
errors. Here, Figs. 8(a) and 8(b) show schematic structure
of a silicon PSR using a SWG-based directional coupler
with high tolerance to waveguide widths. The widths of the
SWG waveguide and the strip waveguide are carefully
designed to satisfy the phase-matching condition for cross-
polarization coupling. The TM-polarized light in the strip
waveguide is evanescently coupled to the SWGwaveguide
and rotated to TE-polarized light simultaneously. There-
fore the TE-polarized light outputs at the Cross port.
While, the TE-polarized light goes through the strip
waveguide without coupling and outputs at the Thru port.

Thus, the TE- and TM-polarized lights are separated and
rotated by the SWG-based directional coupler. We use a
bent directional coupler to filter the residual TM-polarized
light in the Thru port and achieve a high PER. By properly
designing the pitch and duty cycle of the SWG waveguide,
the mode effective indices of the SWG waveguide and the
strip waveguide can vary equally if the waveguide widths
fluctuate, therefore maintaining the phase-matching con-
dition and resulting in high tolerance to waveguide width
variations. Figures 8(c) and 8(d) show the simulated power
distributions of the proposed structure for the TE- and TM-
polarized light inputs, respectively. The simulation results
indicate that polarization beam splitting and rotating can be
achieved simultaneously in the structure.
Figures 9(a) – 9(c) depict the SEM photo of a fabricated

PSR, the measured and simulated transmission responses
at the Cross and Thru ports of the fabricated PSR when the
TE- and TM- polarized lights are injected, respectively. For
the TE-polarized input light, the insertion loss is< 1.0 dB,
and the PER is higher than ~13 dB in the wavelength range
of 1540 – 1580 nm. For the TM-polarized light input, the
TM-TE conversion loss is< 1.5 dB, and the PER is higher
than ~19 dB in the wavelength range of 1507 – 1580 nm.
To test the tolerance to waveguide width variation (DWG),
the measured transmissions of the PSRs with DWGof+ 50
and – 50 nm are depicted in Fig. 9(d). For the TE-polarized
light input, the insertion loss is< 1.0 dB, and the overall
PER is higher than ~13 dB in the wavelength range of
1540 – 1580 nm. While, for the TM-polarized light input,
the TM-TE conversion loss is< 3.3 dB, and the PER is
higher than ~14 dB. These results show the large tolerance
to waveguide width variations.

3 Silicon mode multiplexing devices

MDM is a promising solution to scale optical bandwidth by
employing the spatial modes of on-chip waveguides [50].

Fig. 8 Schematic structure of the SWG-PSR. (a) 3D view; (b) top view. Simulated power distributions of the SWG-PSR for (c) TE- and
(d) TM-polarized light input, respectively [46]
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Mode (de)multiplexers are key devices in the MDM
schemes. Several schemes have been proposed to realize
on-chip mode multiplexers, such as adiabatic mode-
evolution coupler [51], asymmetric Y-junction [52], and

asymmetric directional coupler [53]. The 3D view of the
proposed SWG-based three- mode (de)multiplexer is
sketched in Fig. 10(a). It consists of a bus waveguide and
two SWG access waveguides. The TE0 mode is injected

Fig. 9 (a) SEM photo of a fabricated PSR. Measured and simulated transmission responses for (b) TE-polarized and (c) TM-polarized
light inputs, respectively. (d) Measured transmission responses of the PSRs with DWG of+ 50 and –50 nm [46]

Fig. 10 Schematic structure of the proposed SWG-based mode multiplexer. (a) 3D view; (b) top view of the SWG-based directional
coupler. Simulated power distributions of the SWG-based directional couplers for (c) TE1 and (d) TE2 modes multiplexing, respectively
[54]
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from the input port of the bus waveguide. The multiplexing
of the higher-order modes (TE1, TE2 modes) are achieved
by using the SWG-based directional coupler, as shown in
Fig. 10(b). The simulated power distributions in the
proposed SWG-based directional couplers are illustrated
in Figs. 10(c) and 10(d). When the TE0 modes are injected
from the input ports of the SWG access waveguides, high
efficient TE1 or TE2 modes are obtained at the output ports
of the bus waveguides with different widths.
Figures 11(a) – 11(c) show SEM photos of a fabricated

mode multiplexer device. The footprint of the three-mode
multiplexer is less than 88 mm � 20 mm. Figure 11(d)
shows the measured transmission responses and modal
crosstalk values of the fabricated mode (de)multiplexers. It
can be seen that the signal outputs from the corresponding
output port. For example, when the light inputs at port I1,
the signal outputs from the port O1. The insertion loss is
0.8 dB and the crosstalk values are< – 18 dB at 1550 nm
for the TE0 channel. For the TE1 and TE2 channels, the
insertion losses are relatively high. This is mainly caused

by introducing the bend SWG waveguides. We measured
the performance of the SWG bend structure, the average
bend loss is about 1.25 dB per 90°, while the coupling
losses between the SWG access waveguides and the
multimode bus waveguide are lower than 1 dB. For all
the three channels, the overall insertion losses are lower
than 3.8 dB, and the crosstalk values are below – 16.3 dB
at 1550 nm. The losses can be further reduced by
optimizing the SWG parameters to minimize the bend
scattering.

4 Mode and polarization selective switch

The switching and routing of data signals are basic
requirements in network nodes. In analogy to a conven-
tional wavelength selective switch (WSS) that routes any
wavelength channel from one input port to any output port
[55], a switch that can route mode- and polarization-
multiplexed signals can effectively increase the capacity

Fig. 11 (a) –(c) SEM photos of a fabricated SWG-based three-mode (de)multiplexer; (d) measured transmission responses at output
ports Oi (i = 1, 2, 3) with the light input from port I1, I2, I3, respectively [54]
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and add new functionalities. A 4-channel sili
con switch that used MDM signals on different wave-
lengths was achieved with crosstalk values of< – 16.8 dB
[56]. Recently, we demonstrated an on-chip silicon 1 � 2
mode- and polarization-selective switch on the same
wavelength with crosstalk values of< – 15 dB [57].
These reported crosstalk values need to be reduced to
realize error-free switching in practical systems. The power
penalty originated from the crosstalk is modulation format
dependent [58,59], and typically at least 20-dB suppres-
sion ratio is needed between different modes and
polarizations [60]. Moreover, these silicon mode- and
polarization-switches are in 1 � 2 configurations, while 2
� 2 switches are desired as the fundamental building
blocks of a general N � N switch fabric [61].
Figure 12 shows the schematic structure of the on-chip

silicon 2� 2MPSS for 2 modes and 2 polarizations, which
can route 4 channels of TE0, TE1, TM0 and TM1 modes.
The routing of the channels is realized by the fundamental
mode switches. The proposed 2� 2 MPSS chip consists of
4 mode (de)multiplexers, 10 PBSs, 8 thermo-optic Mach-
Zehnder interferometer (MZI) switches, 8 1 � 2 MMI
couplers, 2 PBCs (polarization beam combiners) and 40
waveguide crossings. The mode multiplexer and the PBS
are realized by cascaded directional couplers [53].
Figure 13 shows the microscope and SEM photos of a

fabricated MPSS chip and element devices. The footprint
of the MPSS device is less than 1.6 mm � 1.7 mm. The
measured transmission spectra of the MPSS device are
shown in Fig. 14. Take the TE0 channel at input port I1 as
an example, the signal is switched to output port O1 when

the MZI heating power is 10.45 mW, and the signal is
routed to output port O2 when the applied heating power is
25.76 mW. For all the other channels, optical signals from
different input ports can be routed to arbitrary output ports
independently by applying different powers on the
corresponding MZI switches, respectively. The overall
insertion losses are lower than 8.6 dB at 1550 nm for all the
channels. The inter-modal crosstalk is a critical challenge
toward realizing error-free switching in practical systems.
We measured the inter-modal crosstalk between channels
by launching a signal to a fixed input port and measuring
the transmission responses at each output port one by one,
as shown in Fig. 14. The MZI switches were set to ensure
the maximum output powers at the same output port. The
measured inter-modal crosstalk values are lower than
– 23.2 dB for all the channels at 1550 nm. We further
measured the intra-modal crosstalk values introduced by
the MZI switches, as shown in Fig. 15. For the TE0 channel
of I1 port, the intra-modal crosstalk values are lower than
– 26.6 dB at 1550 nm. For all the channels, the overall
intra-modal crosstalk values are below – 22.8 dB at 1550
nm. The total power consumption is about 200 mW when
all the eight channels are switched on. Lower power
consumption can be achieved by using suspended MZI
switches [63].
We experimentally demonstrate the performance of the

on-chip MPSS using the intensity modulated-direct
detection (IM-DD) transmission scheme, with the setup
shown in Fig. 16(a). A continuous wave light at 1550 nm is
launched into a 25-GHz Mach-Zehnder modulator (MZM)
(FTM7939EK), which is driven by an electrical 40-GSa/s

Fig. 12 Schematic structure of the 2� 2MPSS for 2 modes and 2 polarizations. As an example, the TE0 and TE1 channels of Input 1 and
the TM0 and TM1 channels of Input 2 are routed to Output 1 and other channels are routed to Output 2 [62]
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Fig. 13 (a) Microscope photo of a fabricated MPSS chip; (b) magnified SEM images and microscope photos of a PBS, a mode
multiplexer, waveguide crossings and a MZI switch [62]

Fig. 14 Measured inter-modal crosstalk performances [62]
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Fig. 15 Measured intra-modal crosstalk performances [62]

Fig. 16 (a) Experimental setup. ECL: external cavity laser. PC: polarization controller. MZM: Mach-Zehnder modulator. Tx-DSP:
transmitter-digital signal processor. AWG: arbitrary waveform generator. EA: electrical amplifier. EDFA: erbium-doped fiber amplifier.
VOA: variable optical attenuator. BPF: bandpass filter. PD: photodetector. DSO: digital storage oscilloscope. (b) BER versus channel. (c)
BER curves versus received optical power [64]
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intensity modulation-direct detection orthogonal frequency
division multiplexed (IM-DD-OFDM) signal. An arbitrary
waveform generator (AWG) (Keysight M8195A) gener-
ates the OFDM signal with a resampling rate of 60 GSa/s,
and is followed by a linear driver. The output signal of the
MZM is amplified by an erbium doped fiber amplifier
(EDFA) and injected into the MPSS by grating couplers.
Due to the lack of a fiber array, we tested one input and one
output port at a time. On-chip optical signal switching is
achieved. Subsequently, the output signal is coupled out,
amplified, filtered, detected by a 40-GHz photodetector
(XPDV2120R) and sampled by an 80-GSa/s digital storage
oscilloscope (Lecroy LabMaster 10-36Zi-A). For the
digital signal processing (DSP) at the transceivers, over-
heads of 0.1%, 3.7%, 1.9%, 1.5%, 2.9% are used for
synchronization, equalization, cycle prefix, guard band at
low frequency and optimization, respectively. Bit-loading
is simultaneously realized with 64-, 32- and 16-QAM
mapping and 64% subcarriers are allocated for 64-QAM. A
raw data rate of 100.0 Gb/s is therefore realized. We
measured the BERs of all the 16 possible configurations
with a – 5 dBm received power at the input port of the
EDFA. As depicted in Fig. 16(b), similar performances are
achieved, and the BERs are under the 7% forward error
correction (FEC) threshold. Hence, the net data rate and the
switching capacity of the MPSS are 100.0/(1+ 7%) = 93.5
Gb/s and 93.5 � 2 � 4 = 748 Gb/s/l, respectively. As seen
in Fig. 16(c), negligible performance degradations are
observed with the worst TM1 channels [64].

5 Summary

We have reviewed our recent work on silicon polarization
and mode handling devices. We demonstrated a high-
extinction-ratio (> 30 dB) grating-based PBS and a
compact bridged-bent-coupler-based PBS. Then, we pre-
sented an ultra-compact bent-coupler-based (coupling
length ~8.77 mm) PSR and a subwavelength-grating-
based PSR with large tolerance to waveguide width
variations. We also demonstrated a silicon three-mode
(de)multiplexer employing SWG structure. Finally, we
introduced an on-chip silicon 2 � 2 mode- and polariza-
tion-selective switches (MPSS) operating on one wave-
length. The capacity of the switch can be further increased
when combining with conventional WDM technology.
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