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Abstract We present a silicon photonic wavelength converter and integrated filter achieving wideband
tunable filtering over 25 nm with a >52 dB pump and modulated signal suppression ratio. Operation of
the device with telecommunication signals is demonstrated across the C-band. ©2024 The Author(s)

Introduction

All-optical wavelength conversion, extensively re-
searched in recent decades, holds the potential
to enable flexible traffic growth and alleviate wave-
length contention, thereby enhancing overall spec-
trum utilization[1]. Four-wave mixing (FWM) in
χ(3) media, such as highly nonlinear fibre[2][3],
silicon[4][5], silicon nitride[6][7], and AlGaAsOI[8],
can offer broad bandwidth and modulation for-
mat transparency at high data rates, rendering
it a promising enabler. Integrated nonlinear wave-
length converters built on the silicon-on-insulator
(SOI) platform hold promise, benefiting from the
strong optical confinement provided by the high
refractive index of silicon[4][5].

Typically, the converted idler generated in FWM-
based wavelength converters will necessitate addi-
tional off-chip filtering to suppress the high-power
pump and original signal at the device output[9].
The high Kerr coefficient of silicon, combined with
its high thermal sensitivity make it possible to re-
alize wavelength conversion, wideband tunable
idler filtering, and effective suppression of unde-
sired signals on the same platform. FWM-based
wavelength conversion in silicon photonic micror-
ing resonators, along with on-chip idler filtering
and suppression of undesired signals, has been

shown in the literature[10][11], but without demon-
strating tunable filtering. Therefore, the placement
of the signal wavelengths in these demonstrations
was limited by the resonance wavelength position
of the microring resonator. Recently, we investi-
gated the tunable idler filtering and suppression of
the pump and signal in FWM-based wavelength
converters in[12]. However, this demonstration was
hindered by the heater design within the charac-
terized structures, which was unable to achieve a
thermally-induced 2π phase shift in each resonator.
Thus, it was not possible to achieve wideband and
dense tuning of the resonance wavelength. Con-
sequently, we could not demonstrate individual
selection of idler channels using the on-chip filter
while continuously tuning the signal wavelength
across the device’s operating region, which is nec-
essary to prove the practicality of such devices in
telecommunications scenarios.

In this work, we initially present the conver-
sion efficiency (CE) spectrum of the PN-junction
equipped silicon waveguide and characterise the
filter for its capability for wide, precise and con-
tinuous tuning. Then, by utilising a 16-QAM, 32
Gbaud single polarization signal tuned to three
selected channels, we demonstrate channel-to-
channel conversions spanning approximately 25

Fig. 1: System setup of coherent transmitter, wavelength converter, and coherent receiver. Arbitrary waveform generator (AWG);
Mach-zehner modulator (MZM); Erbium-doped fibre amplifier (EDFA); Optical bandpass filter (OBPF); Optical spectrum analyzer
(OSA); Local oscillator (LO), Variable optical attenuator (VOA), Digital sampling oscilliscope (DSO); Balanced photodetector (BPD)



nm. We present bit error ratio (BER) measure-
ments of the generated idlers to identify the main
source of conversion penalties in this device con-
figuration. Our results demonstrate wideband and
dense tuning, achieving an approximately 60 dB
extinction ratio (ER) between the minimum and
maximum normalized transmission measured at
the drop port, along with selective channel-to-
channel conversions to provide >52 dB pump and
modulated signal suppression ratio, all achievable
in this device configuration.

Device description and experimental setup
The device layout and experimental setup are il-
lustrated in Fig. 1. The device comprises a 1cm
long PN-junction-equipped silicon rib serpentine-
shaped waveguide, followed by a high-order
thermally tuned Vernier filter. The PN-junction
equipped silicon rib waveguide was designed with
a 220nm waveguide height and 100nm slab thick-
ness, with a distance of 0.8µm between the silicon
waveguide core and the doped regions. The high-
order Vernier filter was designed as a cascade of
four silicon racetrack resonators to achieve a free
spectral range (FSR) of approximately 40nm. A
large FSR was necessary in order to achieve wide-
band tuning of the resonance wavelength. Tun-
ing was achieved with individual 6 µm-wide metal
heaters (Aluminum/Titanium stack) which were
deposited on top of each racetrack resonator, al-
lowing for thermally-induced phase shifts larger
than 2π. The device was equipped with uniform
grating couplers at its input and output, enabling
robust coupling, but limiting the 3 dB bandwidth of
device operation to between 1530 and 1578 nm.

The 32GBaud single-polarization 16-QAM sig-
nal was generated by modulating a tunable, C-
band continuous-wave (CW) laser with an IQ mod-
ulator, which encoded a 215−1 pseudo-random bit
sequence (PRBS) generated from a 90GS/s Arbi-
trary waveform generator (AWG). Digital matched
root-raised-cosine filtering was applied at both the
transmitter and receiver stages. The modulated
optical signal was amplified and coupled together
with the pump. The pump was generated by a
CW source, with its wavelength set at 1552.52 nm
(Ch31), amplified by an erbium-doped fiber ampli-
fier (EDFA), and filtered using an optical bandpass
filter (OBPF) to reject out-of-band amplified sponta-
neous emission (ASE). At the output of the device,
the filtered idler and any residual pump and signal
were collected at the drop port of the high-order
Vernier filter and sent to a pre-amplified coherent

Fig. 2: (a) Conversion efficiency spectrum; (b) Normalized
through and drop port responses aligned to ITU-T grid with

200 GHz channel spacing (Ch19-Ch37).

receiver. This receiver consisted of a narrow op-
tical band-pass filter to reject the undesired ASE,
followed by a digital storage oscilloscope (DSO)
operating at 256 GSa/s. Offline digital signal pro-
cessing (DSP) enabled demodulation and BER
measurements via bit error counting.

Results and Discussion
Utilizing a simplified version of the setup of Fig. 1,
we first measured the CE spectrum using a PN-
junction equipped silicon rib waveguide without
an on-chip filter, as depicted in Fig. 2(a). The
input pump power into the waveguide was approx-
imately 24 dBm, accounting for a measured 4.65
dB loss per grating coupler. A maximum of -11 dB
on-chip CE was achieved when the signal wave-
length was approximately 3 nm away from the
pump wavelength, with lower CE values observed
as the signal wavelength moved towards shorter
wavelengths. The asymmetric CE spectrum arises
from the wavelength response of the grating cou-
pler, which has its transmission peak at 1555 nm.

Subsequently, the characterization results of the
high-order Vernier filter, utilizing two cascaded ED-
FAs to reveal the full ER of the filter are shown
in Fig. 2(b), and demonstrate effective tuning of
the resonance wavelength of the Vernier, race-
track resonator-based filter, aligning them within
the channel range Ch19 - Ch37. It should be
noted that the demonstration of the resonance
wavelength tuning is limited by the gain bandwidth
of the EDFAs. An ER of around 60 dB measured at
the drop port was achieved, with an insertion loss
measured at the drop port in the range of 1-4 dB.



Variations in ER and insertion loss across different
channels can be attributed to coupling coefficient
variations between each racetrack resonator due
to thermal crosstalk in the heater actuation.

Finally, we carried out channel-to-channel con-
versions of a 32 Gbaud 16-QAM modulated sig-
nal using the system setup shown in Fig.1. With
the pump wavelength held constant at Ch31, we
set the signal wavelengths at Ch28, Ch38.5, and
Ch47, to result in idler generated at Ch34, Ch23.5,
and Ch15, respectively, as shown in Fig.3(a)-(c).
These three channels represent examples of sig-
nal wavelengths placed both close and further
away from the pump. Ch47 in particular, was cho-
sen to represent an extreme case. Here, the signal
is placed near the CE spectrum edge, where the
OSNR is just high enough idler to ensure a mea-
surable BER. Ensuring that the resonance wave-
lengths of each racetrack resonator were aligned
with the idlers of the three measured channels, we
acquired the FWM spectra at both the through and
drop ports. For easier comparison and to facilitate
evaluation of the suppression of undesired signals,
we present the measurements taken at the drop
port (in red) in Fig.3(a)-(c), together with corre-
sponding through-port measurements (in blue),
where the signal wavelength is detuned by 0.5 nm.

The resultant spectra demonstrate effective sup-
pression of both the modulated signal and pump
(>58.2 dB) for signal wavelengths positioned at
Ch28 and Ch38.5, as shown in Fig. 3(a)(b). When
the signal is positioned at Ch47, one of the sup-
pressed resonant peaks of the high-order Vernier
filter partially overlaps with the pump, resulting in
a lower, 52dB suppression ratio (Fig. 3(c)). In
addition, the idler-to-residual pump power ratio is
maintained at approximately 30 dB in Fig. 3(a)(b),
while only showing 20 dB in Fig. 3(c). This de-
crease can be attributed to the decrease in CE
at shorter wavelengths, resulting in a reduction
in the optical signal-to-noise ratio (OSNR) of the
converted idler measured at the through ports, as
shown in Fig. 3(a)-(c). This also corresponds to a
significant increase in conversion penalties evalu-
ated at the HD-FEC limit (black dashed line), as
depicted in Fig. 3(d). A 9 dB power penalty is
observed when converting Ch47, as opposed to 1-
3.5 dB for Ch28 and Ch38.5. These observations
highlight the importance of achieving a high idler
OSNR before the high-order Vernier filter as it en-
sures the maintenance of a high idler-to-residual
pump ratio and the simultaneous minimization of
conversion penalties.

Fig. 3: FWM spectra measured at the through (off-resonance)
and drop (on-resonance) output ports with signal wavelengths
respectively at (a) Ch28, (b) Ch38.5, and (c) Ch47; (d) BER
measurements with three back-to-back channels and three

wavelength converted channels.

Conclusions
We characterized a silicon photonic wavelength
converter integrated with a high-order Vernier fil-
ter, offering wideband and continuously tunable
resonance wavelengths with approximately 60 dB
ER. Effective suppression of the undesired mod-
ulated signal and strong pump, exceeding 52 dB,
is achieved across the three selected channels
spanning approximately 25 nm, while maintain-
ing the best idler-to-residual-pump power ratio
of around 30 dB. Channel-to-channel conversion
over a larger wavelength span and achieving a
higher idler-to-residual-pump power ratio are pos-
sible through proper dispersion engineering and
the utilization of lower-loss silicon photonic waveg-
uides. As a future development, we envision the
realization of more efficient wavelength converters
that can be extended to other optical communica-
tion bands, equipped with highly effective on-chip
filtering capabilities and more efficient coupling
strategies[13] to enhance the CE further. These
advancements pave the way for future large-scale
integration of all-optical signal processing capabili-
ties on-chip.
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