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Abstract A filter design based on Vernier microrings and wideband directional couplers is proposed for
ASE noise suppression in next generation DCI applications. We demonstrate a ∼40 nm FSR-free filter
with > 20.5 dB average ER and 3dB-BW of ∼75 GHz, achieving wavelength-independent performance
and full tunability with a maximum tuning temperature of ∼75 K. ©2022 The Author(s)

Introduction

In order to deploy > 25 Tbit/s transmission sys-
tems in next-generation Data Center Intercon-
nect (DCI) networks, performance challenges
have to be resolved[1],[2]. One of the most crit-
ical challenges facing high-speed, filterless, i.e.,
with no Arrayed Waveguide Grating (AWG) filter,
Dense Wavelength-Division Multiplexing (DWDM)
transceivers is Optical Signal to Noise Ratio
(OSNR) degradation, due to accumulated Ampli-
fied Spontaneous Emission (ASE) noise originat-
ing from optical amplifiers. Thus, tunable ASE
optical filters are essential components for ad-
vanced optical transceivers and transmission sys-
tems to achieve the OSNR tolerance threshold.

Micro-Ring Resonators (MRRs) have been
widely used in communication applications due
to thier small footprint and scalability[3],[4]. Over
the past decade, various integrated silicon MRRs-
based optical filters have been explored and dif-
ferent types of configurations have been ana-
lyzed. Tunable optical filters based on series cou-
pled and cascaded MRRs in addition to Vernier
filters with a tuning range of up to 124 nm were
fabricated and reported[5]–[10]. However, designs
tunable over > 35 nm range either require very
high tuning temperature ∆T = (125 - 400) K,
or exhibit insufficient 3-dB bandwidth (3dB-BW),
low extension ratio (ER) and high insertion loss
(IL) to pass through single wavelength channels
while simultaneously suppressing the remaining
C-band. Furthermore, the performance of these
designs varies across their tuning range due
to chromatic dispersion and wavelength depen-
dency of the MRRs couplings strength across the
tuning range[6],[10]. In addition to varying perfor-
mance, under-coupling increases the complexity
of resonance alignment and automatic tuning due
to resonance splitting[6]–[8].

In this work, we propose a novel filter de-
sign based on Vernier MRRs and wideband di-
rectional couplers, to overcome thermal chal-
lenges and wavelength-dependent performance.
A two-stage coupled MRR Vernier wavelength-
independent filter example design suitable for
dual-polarization (DP) 64-Quadrature Amplitude
Modulation (QAM)/64-GBd systems is presented,
and its performance is compared to a conven-
tional Vernier filter design. The filter is automat-
ically tuned achieving (73 - 75) GHz 3dB-BW
and 20.5 dB average ER over the C-band with
a maximum ∆T = ∼75 K, realizing wavelength-
independent performance.

Design optimization
The required properties of the filter depends on
the application and the requirements of the sys-
tem where it is employed. The design approach
was first to model an AWG-less DWDM opti-
cal communication system which utilizes DP-64-
QAM/64-GBd transmitters to investigate and an-
alyze the required properties of the ASE filter, in-
cluding performance in the aspect of OSNR re-
quirement of the system. The model shows that
for a 66-channel system, an average ER of >

17 dB is required to achieve the OSNR thresh-
old for the mentioned system. Thus, the de-
sign targets 20 dB average ER and 80 GHz 3dB-
BW to increase spectral misalignment tolerance.
The design configuration is chosen to achieve
the desired characteristics taking into account de-
sign limitations, including tunability, thermal chal-
lenges, complexity, power consumption and toler-
ance to fabrication variations.

Fig. 1(a) shows a schematic for the design con-
figuration with first and second stages being com-
posed of two different second-order Vernier fil-
ters. Considering a silicon-on-insulator (SOI) plat-
form for this design and assuming thermo-optic
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Fig. 1: (a) Schematic of a two-stage coupled MRR Vernier filter. Thermal Phase shifters (ϕi) and ring-couplers (κi) for both
stages are highlighted. (b) Comparison of the simulated drop port transmission spectra of each stage of the Vernier filter and the

spectra of the cascaded filter with conventional and wideband directional couplers. (c) Close-up comparison of the drop port
peak at 1.53 and 1.57 µm for the conventional cascaded filter design. (d) Simulated cross splitting ratio of conventional and

wideband directional couplers for the inner and outer ring-couplers. (e) The layout of the fabricated wavelength-independent filter
and a schematic of the wideband ring-couplers.

coefficient of 1.86 × 10−4 K−1 with a maximum
∆Theater = ∼75 K, which would give a ∆Twg =
∼69 K based on thermal simulation for the de-
signed phase shifters, the minimum resonator-
length (Lmin) allowed to achieve 2π phase shift
is 121 µm. Giving the group index at 1.55 µm
is 3.96, this gives a free spectral range (FSR) of
∼ 5 nm for Lmin. The lengths of different res-
onators on both filters are chosen such that the
total required FSR, i.e. 40 nm, is the least com-
mon multiple of the FSR of individual resonators,
and the secondary resonances of the cascaded
filter output are mutually suppressed, as shown
in Fig. 1(b). The FSRs of {R1, R2, R3, R4} are
{3.08, 4.44, 4, 5} nm, corresponding to {LR1, LR2,
LR3 LR4} of {197.17, 136.51, 151.67, 121.34} µm,
respectively. To simplify the design, we choose
(κout = κ11 = κ13 = κ21 = κ23) and (κin = κ12 =

κ22). In this case, the coupling strengths required
to achieve the targeted 3dB-BW and average ER
with a flat bandpass at 1.55 µm were found to be
κin = 0.18 and κout = 0.61.

Due to chromatic dispersion and wavelength
dependency of the power couplings for conven-
tional couplers designs, under and over coupling
usually occur, which leads to narrower 3dB-BW
with higher ER and larger 3dB-BW with lower ER
at the lower and upper end of the spectrum, re-

spectively, as shown in Fig. 1(b) and Fig. 1(c).
To realize uniform coupling strength over the

entire tuning range, inner (ring-ring) and outer
(bus-ring) wideband couplers are used. Fig. 1(d)
shows simulated cross coupling splitting ratios
for the designed conventional and wideband
outer and inner ring-couplers, where conven-
tional couplers based on symmetric straight cou-
plers show ±14% variation across the tuning
range. The wideband couplers are designed us-
ing asymmetric-waveguide based phase control
sections to introduce a small phase shift between
the two symmetric couplers and compensate for
the wavelength-dependent power coupling[11]. In
order to realize inner wideband ring-coupler, two
different outer wideband ring-couplers designs
are needed.

Fig. 1(e) shows the layout of the fabricated
wideband filter and the schematic of the wide-
band coupler. All couplers have similar bend ra-
dius R = 10 µm, taper length = 1 µm, W1 = 400
nm, W2 = 600 nm and W3 = 500 nm. The rest of
the design parameters are summarized in Tab. 1.
The resonator lengths of the conventional design
are slightly adjusted to take into consideration the
change of the effective index in the phase section.
To increase tuning flexibility, a power-tap coupler
is added at the drop port of the first stage.
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Fig. 2: (a) Measured cross splitting ratio of conventional and wideband directional couplers for the inner and outer ring-couplers.
(b) Close-up comparison of the measured drop port peak at 1.53, 1.55 and 1.57 µm for the conventional cascaded filter design.

(c) Close-up comparison of the measured drop port peak at 1.53, 1.55 and 1.57 µm for the wideband cascaded filter design.

Tab. 1: Design parameters of wideband couplers

Parameter WBC1 WBC2 WBC3
g1 (nm) 350 300 300
g2 (nm) 250 200 200
L1 (nm) 12.51 7.16 7.58
L2 (nm) 2.96 5.8 5.1
κ (%) 61 18 61

Measurement, Results and Discussion
To measure the cross splitting ratio of the fabri-
cated conventional and wideband directional cou-
plers, a continuous tunable C-band laser and a
power meter were coupled to the couplers test
structures using a fiber array and grating cou-
plers. The laser wavelength was swept with 0.1
nm step across (1530 nm - 1565 nm) wavelength
range and the power reading was normalized to
the grating coupling loss. Fig. 2(a) shows the
cross splitting ratio of conventional and wideband
couplers. The inner and outer ring-couplers mea-
sured splitting ratios at 1550 nm for conventional
and wideband designs are {0.205, 0.58} and
{0.163, 0.62}, respectively, which means that the
conventional filter design is under-coupled while
the wideband filter design is slightly over-coupled.
Conventional couplers show ∼ ±15% coupling
variation across the tuning range, while wideband
couplers show only ±1% variation.

To measure and tune the filter spectra, the in-
put port was connected to the laser, and the drop
ports for the first stage, i.e., the power tap, and
the cascaded filter were connected to photode-
tectors and feedback control circuitry. The tunable
laser source was set to the desired resonance
wavelength and an automatic resonance align-
ment algorithm was applied to tune the optical fil-
ter. A combination of modified derivative-based
and derivative-free optimization algorithms were
adapted based on thermal characterization of the
device. An additional step was required to fine
tune the conventional filter spectrum due to reso-

nance splitting. The IL of conventional power-tap
coupler was subtracted from the measured trans-
mission. Fig. 2(b) shows the measured drop port
peak at several resonance wavelengths for the
conventional filter design. The filter has a ∼40 nm
FSR, an average ER of 21 dB and a minimum out-
of-band suppression of 14 dB. However, the dif-
ference in 3dB-BW between the upper and lower
end of the C-band is around 15 GHz, while IL
varies between 0.9 and 1.4 dB. Furthermore, the
resonance splitting due to under-coupling is evi-
dent at the lower end of the tuning range. On the
other hand, Fig. 2(c) shows the measured drop
port peak for the wideband filter design, where
the difference in 3dB-BW across the tuning range
is less than < 1.5 GHz. The IL is around 1 dB
while the average ER is 20.5 dB. The resonance
alignment requires only 250 iterations for each
tuning process, which is much faster than previ-
ously reported for similar device configurations[6].
The power required to tune each thermal phase
shifter by 2π is around 80 mW. To increase tol-
erance to fabrication variations, outer wideband
couplers could be designed such that they have
similar phase section but different bend radii as
well, while keeping the current design for the in-
ner ring-coupler.

Conclusions
In this paper, we have proposed and exper-
imentally demonstrated a two-stage second-
order MRR Vernier wavelength-independent fil-
ter based on wideband directional couplers. The
device was automatically tuned across the C-
band, achieving < 1.5 GHz 3-dB bandwidth varia-
tion and realizing wavelength-independent perfor-
mance with feasible thermal tuning requirements.
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