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Abstract:

Moderate-scale silicon photonic Mach-Zehnder switches (MZSs) are important for small-scale optical
telecom network nodes and photonic/optical network-on-chip (NoC) for multicore processor architectures.
However, conventional elementary MZS designs are prone to size variations in the fabrication processes,
resulting in considerable random phase imbalance between the two arms. Based on our previous work, we
have further demonstrated a new calibration-free elementary 2 x 2 MZS design with widened multimode
arm waveguides, which features improved tapered Euler S-bends (TES-bends) with bent asymmetric
directional couplers (ADCs) to suppress the random phase imbalance and higher-order modes within an
ultra-compact footprint. With 12 of such elementary MZSs cascaded in 5 stages, we have demonstrated a
calibration-free non-blocking 6 x 6 MZS with optimized Spanke-Benes topology. Fabricated with standard
180-nm silicon photonic foundry processes, the 6 x 6 MZS features low excess loss of 1-3.5 dB and low

crosstalk of <-20 dB across the C-band in the all-OFF state without calibration. Meanwhile, the excess loss
and the crosstalk further reduce to 1-3.2 dB and <-22 dB, respectively, in the calibrated all-OFF and all-ON
states, as well as 36 selected global switching states for all the routing configurations with a single input and
a single output. This work enables high-performance and robust moderate-scale MZSs and paves the way to
further scaling-up calibration-free MZSs for a broad spectrum of applications in photonic/optical telecom
and interconnects.
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Calibration-Free Silicon Photonic Non-Blocking
6 x 6 Mach-Zehnder Switch

Linyan Lv, Lijia Song, Chun Gao, Weixi Liu, Huan Li,
Yaocheng Shi, Member, IEEE, and Daoxin Dai, Member, IEEE

Abstract—Moderate-scale silicon photonic Mach-Zehnder
switches (MZSs) are important for small-scale optical telecom
network nodes and photonic/optical network-on-chip (NoC) for
multicore processor architectures. However, conventional
elementary MZS designs are prone to size variations in the
fabrication processes, resulting in considerable random phase
imbalance between the two arms. Based on our previous work, we
have further demonstrated a new calibration-free elementary 2 x
2 MZS design with widened multimode arm waveguides, which
features improved tapered Euler S-bends (TES-bends) with bent
asymmetric directional couplers (ADCs) to suppress the random
phase imbalance and higher-order modes within an ultra-compact
footprint. With 12 of such elementary MZSs cascaded in S stages,
we have demonstrated a calibration-free non-blocking 6 x 6 MZS
with optimized Spanke-Benes topology. Fabricated with standard
180-nm silicon photonic foundry processes, the 6 x 6 MZS features
low excess loss of 1-3.5 dB and low crosstalk of <—20 dB across the
C-band in the all-OFF state without calibration. Meanwhile, the
excess loss and the crosstalk further reduce to 1-3.2 dB and <-22
dB, respectively, in the calibrated all-OFF and all-ON states, as
well as 36 selected global switching states for all the routing
configurations with a single input and a single output. This work
enables high-performance and robust moderate-scale MZSs and
paves the way to further scaling-up calibration-free MZSs for a
broad spectrum of applications in photonic/optical telecom and
interconnects.

Index Terms—Calibration-free, Mach-Zehnder switch (MZS),
network-on-chip, non-blocking, silicon photonics

1. INTRODUCTION

As the elementary silicon photonic Mach-Zehnder switches
(MZSs) continue to improve in terms of excess loss,
extinction ratio, and fabrication tolerance [1-6], MZS
networks/arrays are well poised to scale up sustainably with
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high performance and excellent robustness. While large-scale
MZSs up to 32x32 [7-14] and beyond hold great potential for
switching/routing applications in datacenters, those MZSs with
moderate port counts (e.g., 5 x 5 [15-17], 6 x 6 [18-20], and 8
x 8 [21], etc.) are promising solutions for small-scale optical
telecom network nodes and photonic/optical network-on-chip
(NoC) for multicore processor architectures. Especially,
photonic/optical NoC (ONoC) of a variety of topologies is
emerging as a promising solution that provides higher
bandwidth and lower latency and power consumption in
comparison to their electronic counterparts [22, 23].
Specifically, the most widely investigated “mesh” topology
requires non-blocking 5 x 5 switches/routers [15-17] to connect
the 1 core within each node and the adjacent 4 nodes, while the
more sophisticated “cluster-mesh” topology requires non-
blocking 6 x 6 switches/routers [18-20] to connect the 2 cores
within each tile/node and the adjacent 4 tiles/nodes. Such
moderate-scale switches can be readily implemented with
silicon photonic MZSs.

However, MZS designs with singlemode arm waveguides are
susceptible to size variations caused by the fabrication
processes, leading to significant random phase imbalance
between the two arms [24-26]. Therefore, phase-imbalance
calibration and compensation are required, which inevitably
introduces extra heating power, additional on-chip feedback
control schemes, and sophisticated characterization procedures.
Recently, we have proposed and implemented calibration-free
MZSs [26, 27] based on singlemode propagation in widened
multimode arm waveguides, effectively reducing the random
phase imbalances of as-fabricated elementary 2 X 2 MZSs. We
have also implemented a prototype 4 x 4 Benes MZS to
demonstrate the potential excellent scalability of such
calibration-free MZSs.

Based on our previous work [27], we have further proposed
and implemented a new calibration-free elementary 2 x 2 MZS
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