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Abstract—We introduce a novel microring-based architec-
ture for spatial-and-wavelength selective switching, reducing the
switch elements required for non-blocking operations by an order
of magnitude. The fabricated 4×4×4λ silicon photonics network
demonstrates more than 40 dB of crosstalk suppression, and
negative to zero power penalties per path.

Index Terms—silicon photonics, optical switch, optical net-
work, microring resonator

I. INTRODUCTION

Optical interconnects have solidified themselves as vital
components in today’s datacenter networks [1]. The main func-
tionality of an integrated optical switch fabric can generally
be classified into two categories: broadband (or simply spatial)
switching and narrowband (or wavelength-selective) switch-
ing. To introduce wavelength-level switching granularity to
spatial switches, as desired by disaggregated high-performance
computing architectures with wavelength-division multiplexed
(WDM) signals [2], we have seen past demonstrations [3], [4]
parallely combine spatial switching planes with wavelength
(de)multiplexers. A condensed spatial-and-wavelength selec-
tive switch (SWSS) topology has also been implemented in
[5], utilizing microring resonators MRRs as both spatial and
wavelength filters. The cost of integrating these two domains,
however, is an exponential increase in the total number of
switch elements (SE), which is especially noticeable at scale
(Fig.1b). The authors of [5] attempted to address this issue
via a revised hybrid broadband crossbar topology in [6],
halving the number of SEs. To date, the best scaling SWSS
topology would be a three-stage Clos, using an MZI-based
wavelength selective switch as its fundamental SE, presented
in [7]. In this work, we present the best scaling non-blocking
SWSS architecture by nearly an order of magnitude. We
have fabricated a 4× 4× 4λ illustrating our topology, which
demonstrated on-chip loss of 1.54 dB, crosstalk suppression
of more than 40 dB, and zero to negative power penalties for
the paths evaluated.

II. SPATIAL-AND-WAVELENGTH SELECTIVE SWITCHING
ARCHITECTURE

The generalized design of our novel switching architecture
can be seen in Fig.1a, in a double-crosspoint arrangement.
The top half of the double-crosspoint serves as wavelength-
selective demultiplexers, where individual WDM channels are
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Fig. 1. a) The generalized double-crosspoint for the proposed spatial-and-
wavelength selective switch design. b) The scaling comparisons with other
state-of-the-art SWSS, from 2 × 2 × 16λ to 16 × 16 × 16λ. Higher-order
resonators which only handle a single wavelength is counted as one SE

dropped onto the column buses by microring resonators. The
channels on the column buses are then serviced by the bottom
half of the switch, which behave as wavelength-selective mul-
tiplexers. By combining the multiplexing and demultiplexing
aspects of the double-crosspoint topology, this switch fabric
allows for individual manipulation of wavelength channels to
deconstruct, interlace, and reconstruct WDM signals - thus
WDM inputs S1, S2, and Sn can be used to create new outputs
of Sa, Sb, and Sx. To attain rearrangable non-blocking (RNB)
switching capabilities, an additional column bus of resonators
are required (the reserve layer) to route possibly conflicting
wavelength channels in a subset of switching scenarios.

Fig.2 illustrates two routing schemes for a 2 × 2 × 4λ
double-crosspoint switch. Here, each WDM channel traversing
the switch can be characterized by their input, output, and
wavelength, and is designated by the following notation:

Sλ
input,output (1)

In Fig.2a, the wavelength channels of the WDM inputs
are demultiplexed, interlaced, then recombined to form two
new WDM signals at distinct spatial outputs. Colored rings
indicate the tuning of the microring resonances to the specific

Fig. 2. a) Example routing of two 4λ WDM signals, with interlaced channels
in a 2 × 2 × 4λ double-crosspoint SWSS. b) Example of routing scenario
requiring usage of the reserve layer
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Fig. 3. Full experimental setup, with micrograph of the fabricated SWSS. CW
TLS - Continuous Wave Tunable Laser Source. PC - Polarization Controller.
Mux - optical multiplexer. Demux - optical demultiplexer. EDFA - Erbium-
Doped Fiber Amplifier. OBF - Optical Bandpass Filter. VOA - Variable
Optical Attenuator. PD - Photodetector.

channels in questions. Here, we see that each vertical bus can
be occupied by more than one channel (indicated by the signals
above the columns). In fact, if signals are distinct in their input,
output, and wavelength, then they are able to share the same
vertical bus. By exploiting this property, the double-crosspoint
topology is able to achieve its major reduction in the number
of SE required for a given radix.

With that said, the uniqueness condition imposed by the
columns also creates opportunities for conflict, as illustrated
in Fig.2b. Here, we arrive at a situation of where it is necessary
to use a reserve layer in order to achieve full routing, as it is
not possible to cascade S4

1,2 and S4
2,1 on the same bus. In

fact, there is no method of non-blocking routing for this set
of signals without the reserve layer, regardless of the tuning
permutation for the microring resonances. However, it can be
proven with the use of vertex-coloring and Hall’s Theorem that
only one reserve layer is required to maintain RNB, for any
n × m × λ double-crosspoint SWSS, given n <= m <= λ.
The total number of SE required for an n×m× λ switch is
thus:

SE = (n+m)(λ+ 1) (2)

III. EXPERIMENTAL TESTING AND LINK-LEVEL
DEMONSTRATION

A 4 × 4 × 4λ SWSS network has been fabricated through
AIM Photonic, using foundry specific PDK elements. The
photonic integrated circuit (Fig.3) measures 2.5mm×3.0mm,
and is experimentally characterized at the die-level. The imple-
mented switch elements are second-order resonators, created
by via cascading the drop port of one microring filter with the
input of another, in an effort to increase crosstalk suppression.
They demonstrate an off-resonance insertion loss of 0.2 dB,
and a through loss of 0.7 dB. Their extinction ratio have been
measured to be greater than 40 dB, limited by the resolution
of the optical spectrum analyzer (Fig.4 inset).

The full link-level experimental setup can be seen in Fig.3,
where two decorrelated 16 Gb/s optical NRZ signals, spaced
100 GHz apart, are sent through the switch fabric. The output
is amplified by an EDFA to compensate for coupling loss,
before entering an optical bandpass filter (OBF) to focus on
the channel of interest. A variable optical attenuator (VOA)
combined with a 33 GHz photodetector (PD) and an Error
Detector are used to generate the BER curves seen in Fig.4.

Fig. 4. Bit error rate curves for the two switching configurations demonstrated,
with eye diagrams comparing the back-to-back link and a link through the
switch. Inset: Spectrum response of a single second-order SE.

Two switching configurations were demonstrated as part of
our link performance analysis. Configuration 1 mimics broad-
band switching, whereas configuration 2 mimics wavelength-
selective switching. In all cases, we see a zero to negative
power penalty imposed on the link, which can be attributed to
the filtering effects of the microring paths [8].

IV. CONCLUSION

We have demonstrated a novel spatial-and-wavelength se-
lective switching architecture, capable of rearrangeably non-
blocking routing and requires a magnitude fewer switch ele-
ments to instantiate. The fabricated 4 × 4 × 4λ SWSS fabric
has shown high crosstalk suppression of greater than 40 dB,
and a negative power penalty impact on the routed links, which
indicate further scaling gains are achievable with our proposed
topology.
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