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We designed a reconfigurable dual-interferometer coupled silicon nitride microring resonator. By tuning the integrated
heater on interferometer’s arms, the “critical coupling” bandwidth of resonant mode is continuously adjustable whose
quality factor varies from 7.9 x 10* to 1.9 x 10° with the extinction ratio keeping higher than 25 dB. Also a variety of
coupling spanning from “under-coupling” to “over-coupling” were achieved, showing the ability to tune the quality factor
from 6.0 x 103 to 2.3 x 10°. Our design can provide an adjustable filtering method on silicon nitride photonic chip and
contribute to optimize the nonlinear process for quantum photonics and all-optical signal processing.

Keywords: silicon nitride, microring resonators, Mach—Zehnder interferometer, ring filter, nonlinear optics
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1. Introduction

The silicon nitride (Si3Ny4) photonic platform which has
a wide bandgap enabling operation across wavelengths from
the near-ultraviolet to the mid-infrared, has a variety of ap-
plications such as low-threshold frequency combs,!!=3! high-
precision sensing,!*>! and frequency conversion.®) Microring
resonators are the typical device in the silicon nitride photon-
ics platform owing to their large field enhancement. The qual-
ity factors or the coupling conditions of the reported silicon
nitride microrings are mostly fixed. However, different appli-
cations have different requirements for the working state of
the microring resonator. For quantum photonic applications,
microrings have been used to achieve quantum dot filtering!”!
to overcome the broadening and indistinguishability of quan-
tum emitters, %) therefore the microring’s bandwidth needs
to be adjustable and work at “critical coupling” to guarantee
high extinction ratio. For some nonlinear process, like pulsed
pumped four wave mixing,'”) micoring resonator needs to
work in “overcoupling” to optimize the conversion efficiency.
Hence a reconfigurable microring resonator with tunable cou-
pling conditions are highly desired. Tunable rings have been
reported on the platform of the silicon-on-insulator, such as
the strategy by adopting MEMs actuators''!! or thermally-
controlled transverse temperature gradient coupler!'>!3] for
rings. However, the MEMS-actuated ring occupies a large
footprint and is sensitive to environmental factors. For the
temperature gradient coupler, a large resonance shift always
accompanies with the quality-factor tuning.

In 1995, Barbarossa et al. first proposed to adopt an asym-
metric Mach—Zehnder interferometer (AMZI) as the coupler
for the ring resonator.!'#! The interferometer coupler can mod-
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ulate the extrinsic quality factor, then the total quality factor
will be regulated. Different coupling conditions being over-
coupling, critical coupling or under-coupling will be meet
for different applications, such as ingenious optical sensor
and tunable bandwidth filter.!'>~!8] Recent studies!!*~23! have
shown this design can improve the spectral purity and photon
pair brightness as well as the efficiency of four-wave-mixing.
But all these studies are performed on the silicon-on-insulator
platform.

Herein, we demonstrate a dual-interferometer coupled
ring based on the silicon nitride microring resonator. Silicon
nitride has a more widely transmission window and the waveg-
uide has much lower transmission loss, hence the applications
of a tunable ring resonator differs from the silicon ring res-
onator. Here in this work, the dual-interferometers coupled
ring is demonstrated to realize a variety of working conditions
spanning from the “undercoupling” to “over-coupling” when
the heater on one of the interferometers is applied with dif-
ferent voltages. When two interferometers are coordinated, a
continuously tunable critical-coupling with bandwidth vary-
ing from 0.008 nm to 0.21 nm was achieved while the extinc-
tion ratio was kept higher than 25 dB. These results indicate
that this design will have wide applications in optical filtering,
nonlinear optics and quantum optics.

2. Theory
The dual-interferometer coupled resonators is shown in
Fig. 1(a). Phase tuning of the interferometer is accom-

plished by the integrated heaters. We can use the transfer ma-
trix method to deal with the dual-interferometer coupled res-
onators, and the transmissions in the through and drop side are
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as follows:
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where @ = negr(27/ L)L represents the phase change propagat-
ing round trip in the microring resonator, ¢ is the round-trip
loss coefficient, L is the total length of the microring resonator
and negr is the effective refractive index. k> and #;, denote
the waveguide effective amplitude cross-coupling and trans-
mission coefficients. Assuming that the four amplitude trans-
mission coefficients and coupling coefficients between waveg-
uides are same and are denoted by #pkg, we can write the ef-
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where AL represents the length difference between the two
arms of the interferometer, and we set the length difference
equal to the roundtrip length of ring, i.e., ; » denotes the phase
tuning by integrated heater. AL = L ensures the transmission
of resonant modes kept to be modulated by the interferom-
eter coupler synchronously. Figure 1(b) shows transmission
spectra of the dual-interferometer coupled microring for the
through side and drop side and the effective coupling coeffi-
cient.
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Fig. 1. (a) Schematic diagram of the dual-interferometer coupled microring. (b) The transmission spectra of the dual-interferometer coupled
microring for the through side and drop side. The effective coupling coefficient is shown by the blue curve.
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Fig. 2. The “critical coupling” bandwidths.

The full width at half-maximum bandwidth AA can be
written as

1 —at 2
ag - (L—ann)A; 7
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where A, and n, are the resonant wavelength and group index.

“4)

“critical coupling” condition of the dual-interferometer cou-
pled resonator is #(0;) = at,(6>), and #; and #, are tunable
which means that we can achieve “critical coupling” of differ-
ent bandwidths. Here we set o« = 0.995 and 1y = 0.9. After sat-

isfying #1(01) = at2(6,), we calculate the “critical coupling”
bandwidths in Fig. 2.

3. Experiment

The dual-interferometer coupled resonators are fabricated
on the Si3Ny chip. The total length of resonator is 700 pm with
the cross-section width and height at 800 nm and 1000 nm.
The coupling distance between waveguides is 300 nm and
the coupling length is 2 um. The length difference between
the two arms of the interferometer is 700 pm to ensure the
same modulation to the resonant mode, and phase modula-
tion is changed by the integrated heater above the waveguide.
The fiber array is coupled to the side of the chip, with a total
coupling loss of 8 dB. We measure the transmission spectrum
by the transmitted power at different wavelengths. The linear
propagation is measured to be 0.17 dB/cm.

Figure 3(a) shows the through port power transmission
with both heaters off, and free spectral range is 1.68 nm. Fig-
ure 3(b) shows the quality factor with the voltage tuning of two
heaters. The quality factor changes from 6.0 x 10° to 2.3 x 10°
which indicates that the structure has a large tuning range. The
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yellow line connects the points of “critical coupling”, and this
means that adjusting the two integrated heaters can find dif-
ferent 71> to meet the #(6;) = at»(6,) conditions to achieve
critical coupling.

In Fig. 4(a), #; is fixed and we tune the heater to change
t5. Under the tuning of the voltage, the microring resonator can

9

achieve “over-coupling”, “under-coupling”, and “critical cou-
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pling” which confirms the capability of the device for tuning
microring coupling states. In Fig. 4(b), we tune #; and #, re-
spectively to achieve critical coupling of different bandwidths.
The bandwidth changes from 0.21 nm to 0.008 nm, and the
corresponding Q value changes from 7.9 x 10* to 1.9 x 10°.
At the same time, in the “critical coupling” state, the resonant
mode can maintain extinction ratio of more than 25 dB.
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Fig. 3. (a) Measured through port power transmission with both heaters off. (b) The quality factor with the voltage tuning of two heaters. Yellow line

connects the points of “critical coupling”.
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Fig. 4. (a) Transmission of “over-coupling”, “under-coupling”, and “critical coupling” with tuning of #, by heater voltage. (b) Transmission of different

bandwidth “critical coupling” with tuning of 7, #, by heater voltage.

4. Discussion and conclusion

We
interferometer-coupled silicon nitride microring resonator.

designed and fabricated reconfigurable dual-

LEINNT3

The continuous tunable, “overcoupling”, “critical coupling”,
and “undercoupling” are realized and the bandwidth at crit-
ical coupling is also continuously adjustable. The reconfig-
urable dual-interferometer-coupled silicon nitride microring
resonator will enable practical use in the research field of

quantum photonic and all-optical signal processing.
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