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Abstract We present a silicon photonic WDM receiver using micro-ring resonators (MRRs) with on-chip
analog crosstalk cancellation. The design enables dense channel spacing, demonstrated at 44 x 25
Gbps with 250 pm (31.2 GHz) separation, by effectively suppressing MRR crosstalk at the receiver front

end.
Introduction

With the rapid increase in AlI/ML computation de-
mands, the need for high-throughput and energy-
efficient interconnect solutions has surged across
applications ranging from chip-to-chip links to in-
tra-datacenter networks. Si-photonics-based op-
tical interconnects have emerged as a promising
solution due to their inherent bandwidth scalabil-
ity and compatibility with CMOS ecosystems [1-
2]. Furthermore, the wavelength-division multi-
plexing (WDM) technique is expected to play a
central role in maximizing the data throughput by
enabling multiple data channels within a single
optical path, allowing further increase in intercon-
nect bandwidth density. For such applications,
micro-ring resonators (MRRs) are widely used for
multiplexing, de-multiplexing, and modulations
due to their spectral selectivity and small footprint
[3-5]. As WDM systems push toward denser
channel spacing to improve spectral efficiency,
the wavelength spacing between adjacent WDM
channels becomes an important system parame-
ter. Achieving high channel density in WDM sys-
tems using MRRs is fundamentally limited by the
inter-channel crosstalk of MRRs [6]. This cross-
talk arises from the spectral overlap between
neighboring MRR filters, which becomes increas-
ingly problematic as channel spacing decreases

[7]. To address this issue, the MRR quality factor
can be increased so that the MRR filter band-
width can be reduced [3]. However, this also lim-
its the data bandwidth that can go through the fil-
ter. Multiple rings can be used so that sharper fil-
ter response can be achieved, but this makes
precise control of MRR characteristics more chal-
lenging [8].

MRR crosstalk cancellation mechanism

In this paper, we demonstrate a new technique for
suppressing MRR crosstalk in a WDM receiver by
leveraging electrical-domain cancellation using
custom-designed receiver circuits. Fig. 1 (a)
schematically illustrates how crosstalk arises in
cascaded MRRs and how it can be cancelled
through signal processing in the receiver. As an
example, consider two adjacent wavelengths, A1
and X2, shown in Fig. 1 (a). Ideally, each MRR
filters only its designated wavelength. However, if
the filter for A1 is not sufficiently selective, a portion
of the A2 signal can leak into the A1 path,
introducing crosstalk. This crosstalk can be
eliminated by subtracting a weighted (W12)
electrical signal corresponding to A2 from the
signal corresponding to A1, as can be seen in the
figure. This subtraction function can be performed
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Fig. 1: (a) Diagram and (b) chip photograph of WDM receiver with MRR crosstalk cancellation.
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Fig. 2: Schematics of the EIC data lane.

for each WDM channel, resulting in much
improved received data quality. Although three
subtractors each for A1— A2, A2 — A3, and Az — A4
are required for four WDM channels, two
additional subtractors are added at the first and
the last WDM channels, so that the symmetry in
the circuit layout can be maintained.

WDM optical receiver implementation

Fig. 1 (b) shows the photo of the implemented 4-
channel WDM optical receiver with MRR cross-
talk cancellation. It consists of a wire-bonded Si
photonic integrated circuit (PIC) and a custom-
designed electronic integrated circuit (EIC). The
PIC contains four identically designed 8 pum ra-
dius add-drop MRR filters, each with a metal
heater. An on-chip Ge photodetector (PD) having
a 28 GHz bandwidth is placed at the drop port of
each MRR. The MRR quality factor is about 4200,
corresponding to the filter bandwidth of 23 GHz.
The measured free spectral range (FSR) of the
MRR is 12.29 nm.

The EIC is fabricated in 28nm CMOS technol-
ogy and has four data lanes as shown in Fig. 1
(a). Each lane consists of a trans-impedance am-
plifier (TIA), a weighted subtractor for crosstalk
cancellation, a three-stage equalizer for tuning
the receiver bandwidth, and a two-stage output
buffer. Fig. 2 shows the circuit schematics. The
TIA is composed of a shunt-feedback inverter
and an inverter-based Cherry—Hooper amplifier,
followed by a single-to-differential converter. The
subtractor is implemented using a current-mode
logic (CML) based differential current summing
architecture that controls the weight with the tail
current. The equalizer is implemented as a
source-degenerated  continuous-time  linear
equalizer (CTLE) with a pair of peaking inductors.
The CML-based output buffer ensures 50-ohm
impedance matching.
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Fig. 3: Drop-port transmission spectrum
as a function of wavelength offset from the resonance.
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Fig. 4: Through-port transmission spectra and eye diagrams
with and without crosstalk cancellation for different channel
spacing.



Fig. 5: 4-ch 25 Gbps eye diagrams with 250pm channel
spacing.

To ensure proper cancellation, the symmetry of
the subtraction path is critical, as any timing mis-
match would result in distortion. The phase offset
introduced by the PIC is sufficiently small relative
to the data rate, and thus symmetry is achieved
by designing the symmetric subtractors and plac-
ing them physically at the midpoint between the
adjacent TIAs within the EIC layout. When two
WDM signals are introduced to the same PD due
to the crosstalk, the beat frequency component
can be produced, which can significantly distort
the desired signal [7]. To filter this out, the EIC
bandwidth is tuned with the equalizer so that the
unwanted beat frequency component is sup-
pressed while the quality of the main data signal
is maintained [7].

Measurements Results

The measured drop-port transmission character-
istic of the MRR used in the WDM receiver is
shown in Fig. 3. In the inset, the amount of cross-
talk (XT) in percentage is shown from an aggres-
sor channel located at different wavelength off-
sets (AL) of 250 pm, 300 pm, 400 pm, 800 pm,
and 1200 pm from the MRR resonance peak. In
a cascaded configuration, a portion of the signal
intended for a given MRR can be unintentionally
dropped by a preceding MRR assigned to a dif-
ferent wavelength, reducing the available power
of the desired signal. As a result, the actual inter-
ference becomes more pronounced than what
would be expected from drop-port transmission
measurements alone. To better represent this,

we define the effective crosstalk (XTerr) as
XTe=XT/(1-XT), which quantifies the crosstalk
relative to the reduced desired signal power. With
this definition, the effective crosstalk increases to
61.7%, 42.4%, 24.8%, 5.3%, and 2.8% respec-
tively for AX of 250 pm, 300 pm, 400 pm, 800 pm,
and 1200 pm. Fig. 4 presents the measured
through-port transmission spectra at different
channel spacings, along with the eye diagram for
Channel 1 (M) with and without crosstalk cancel-
lation. The eye diagrams were measured using a
25 Gbps PRBS15 signal, produced by an exter-
nal Mach—Zehnder modulator. The input optical
power for each WDM channel is =3 dBm. For
these measurements, the desired channel spac-
ing is realized by controlling the MRR tempera-
tures with on-chip heaters. Fig. 5 shows the
measured eye diagrams for all four channels
when A is 250 pm, which corresponds to 31.2
GHz. Despite the severe spectral overlap at this
A), all WDM channels demonstrate open eyes,
indicating successful crosstalk mitigation. With
the FSR of 12.29 nm, this measurement demon-
strates the feasibility of integrating 48 WDM
channels spaced at 250 pm, thereby enabling an
aggregate throughput of 1.2 Tbps in a single
WDM link.

Conclusion

This work demonstrates a micro-ring-based Si
photonic WDM receiver with a built-in wavelength
crosstalk cancellation capability. A custom-de-
signed front-end receiver circuit performs the
crosstalk cancellation, allowing significantly re-
duced wavelength channel spacing. The tech-
nique is successfully demonstrated for 41 x 25
Gbps operation with 250 pm (31.2 GHz) channel
spacing.
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