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Abstract: We build a new fitting method which could fit all kinds of resonances of
microrings. With that, we experimentally demonstrate the cause for asymmetrically split
resonances as well as couplers induced backscattering in SOI microrings.

OCIS codes: (230.5750) Resonators; (290.1350) Backscattering; (230.7408) Wavelength filtering devices.

1. Introduction

Thanks to its ultra compact size, good tunability and high Q factor, a ring resonator has already become one of the
most important building blocks in silicon photonics [1]. It has been intensively used in various applications including
sensing, laser cavities, optical filters, optical switches etc. [2—4]. However, backscattering can couple the clockwise
(CW) and counter-clockwise circulating (CCW) modes, making the microrings a coupled cavity system rather than
a unidirectional cavity. Consequently, rings with sufficiently narrow bandwidth, and a high Q factor, will have their
spectral characteristics distorted due to resonance splitting [5], as shown in figure 1.
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Fig. 1: Left: A measured drop port spectrum of a SOI racetrack ring resonator. Resonances exhibit different splitting,
most of which can be asymmetric. The resonance splitting can be attributed to counter-directional coupling in the ring.
Right: A schematic of a ring resonator with CW and CCW modes coupled by backscattering rp;.

There has been significant research in fitting such split resonances and characterizing the contributions to the back-
scattering. Unfortunately, a model and associated fitting method which is both accurate and robust is still missing and
most methods are limited to symmetrically split resonances [6-9], even though most resonances from experiments are
asymmetrically split, as also illustrated in figure 1. The research into backscattering focuses largely on the contribution
of waveguide roughness, and this cannot explain these asymmetries.
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In this paper, we propose a new ring model and fitting method based on temporal coupled mode theory (tCMT) [10]
with backscattering included, which can fit symmetrically and asymmetrically split resonances as well as non-split
resonances using the same model. Moreover, for the first time, we experimentally prove the different contributions
from the coupling section to backscattering and the reason for asymmetry in split resonances.

2. Theory and Model

In our tCMT model, we include both distributed and lumped backscattering. The former one is caused by sidewall
roughness along the ring. We assume that the reflected power increases linearly with the ringlength R,, = H,,L,,, where
H,, depends on the waveguide dimension and sidewall quality [11]. The lumped one is attributed to the couplers, it’s
independent of ringlength, but dependent on coupler parameters. Thus we can write the power reflected by backscat-
tering Ry, = HoL + Cy, where HyL is the contribution from roughness and Cy covers the coupler-induced reflection.

On top of the backscattering, we propose the existence of backcoupling k" of the directional couplers, i.e. coupling
from the in-port to its adjacent port, as k' = f.k, where f is a dimensionless factor mathematically representing back-
coupling as a fraction of coupling coefficient, in order to make backcoupling more tractable and easy to mathematically
deal with. Our model will show that this mechanism is responsible for the asymmetry in most split resonances.
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Fig. 2: Left: A comparison of 4 different fitting methods. The blue solid line is the measured data; In green we fit with
a traditional Lorentzian; the black line fits with our tCMT model without backcoupling (f = 0), and the red line adds
the backcoupling, indicated in the right schematic.

We can now derive the amplitude of the wave at the drop port Sy for a given input wave S;, S, is normalized such
that 2 has units of power :

S jlo—o)+ B j(o—w)+ 22
A is a amplitude factor, scaled by potential transmission losses. Clearly, there are two resonance modes with their own
central frequency @; = @y + Hocos(Py /2), Wy = Wy — Mo cos(¢y /2) and 3dB bandwidth BW; = BWy + 2 sin(¢@y, /2),
BW, = BWy — 2y sin(¢y, /2) due to backscattering, where @y, BWy are the intrinsic resonance frequency and bandwidth
of the ring, and Uo, @9 are the amplitude and phase of the mutual coupling of backscattering, respectively. And the f
factor, together with the bandwidth, determines the relative power of the two peaks.

3. Experiments

Figure 2 compares the fitting using a Lorentzian model with our tCMT model with and without the backcoupling. Our
tCMT model fits every resonance quite well, whether it’s split or not, symmetric or asymmetric. Also, we find that it
is the backcoupling which is indeed responsible for the asymmetry. Even though the bandwidth influences the relative
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power of the two peaks in a split resonances as it stands in the denominator of equation (1) [12], it is frequently shown
in our measured spectra that the bandwidths of peaks in split resonances can be extremely similar (%ﬂ‘,’g <1077,
leaving the f factor as the main reason for asymmetry in power. This also implies that the phase of backscattering is
close to 0, which is also verified by our measurement data.
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Fig. 3: Left: A measured spectrum with fitted amplitude of f factor at each resonance. Similar in other measured spec-
tra, f is in the range from 0 to 0.4. Right: Fitting to our model over multiple rings. We see an increased backscattering
with ringlength (HyL) and a decreased backscattering with coupler gap (Cp)

In Fig. 3, we could find the typical value for the amplitude of f factor. Similar in other measured rings, amplitude
of f is in the range of 0-0.4. Consequently, our method claims that the field backcoupled to the adjacent port of the
in-port can be as large as 40% of that coupled to the cross port. right part of Fig. 3 shows the fitting results of our model
for Ry, = HyoL + Cy, obviously the power reflected by backscattering grows with ring length confirming the waveguide
roughness induced backscattering, and for different gap the curve is shifted vertically, indicating the behavior of Cj.
For larger gaps, the backreflection of the directional coupler decrease.

4. Conclusion

In summary, we have built a new model and fitting method for ring spectra, capable of explaining all shapes of
resonances. Using this model, we have shown that the backcoupling in the couplers is responsible for the asymmetry
in split resonances. And the contribution to backscattering from couplers is also proved. These were verified on the
measurement data on SOI microrings.
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