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Abstract—We present a numerical study of the transition
dynamics of a Si3N4 microring resonator (MRR) under a linear
wavelength sweep from 1549.994 nm to 1550.026 nm. In the
bistable regime, we analyze the thermally limited switching from
the high- to the low-intracavity-power branch and quantify how
the transition time varies with pump power and sweep rate.
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I. INTRODUCTION

Microring resonators (MRRs) are key building blocks of
integrated photonic circuits. As shown in Fig. 1, a basic MRR
consists of a ring-shaped waveguide that is evanescently cou-
pled to a straight bus waveguide [1]. Their applications range
from sensing [2] over filtering and multiplexing, to quantum
light generation [3]. State-of-the-art fabrication methods and
the resulting high quality factors enable strong intracavity
fields, making MRRs particularly attractive for nonlinear-
optics applications [4].

Fig. 1. Microring resonator. The orange curve within the resonator indicates
the intracavity power evolution during a linear wavelength sweep for Pin =
1.5mW and a sweep speed of 20 nm/s. The blue curve at the output shows the
time-dependent transmission. The steep rise following the resonance marks
the region of interest shown in Fig. 2.

At high pump powers, the MRR exhibits power-dependent
resonance shifts arising from the quasi-instantaneous Kerr
self-phase modulation (SPM) and a slower thermo-optic shift
due to absorption-induced self-heating. Above a critical pump
power Pmax, the system enters a bistable regime. In this work,
we numerically investigate how slow thermo-optic dynamics
limit the transition time between the two stable branches.

Fig. 2. Change in transmission during the transition from the high- to the
low-intracavity-power branch in the 1–99% window. The simulation was
performed with Pin = 1.5mW and a sweep speed of 20 nm/s. A sample
was taken every 2 ns.

II. SIMULATION AND RESULTS

The total detuning of the MRR is given by:

∆tot = ωp − ω0 + ω0ath∆T + gopt |ac|2 (1)

where ωp is the pump frequency and ω0 is the cold-
cavity resonance. gopt is the optical gain representing the
Kerr nonlinearity and |ac|2 is the mean photon number. The
temperature coefficient ath = 1
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the temperature-dependent changes in refractive index and
geometry that contribute to the detuning, and ∆T is the
self-heating-induced temperature change. The evolution of the
dimensionless intracavity field amplitude ac can be described
by temporal coupled-mode theory [5]:
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with the total loss Γ = κ + γ, i.e., the sum of the
external coupling rate κ and the intrinsic loss rate γ. The input
amplitude bin =

√
Pin

ℏω0
is set by the laser pump power Pin in

the bus waveguide.
The thermal dynamics in the cavity follow [6]:

d∆T

dt
= −γth∆T + δth ℏω0 |ac|2 (3)

and depend on the thermal relaxation rate γth and thermal
absorption coefficient δth. The ordinary differential equations



above are coupled via the temperature-dependent detuning and
can be solved using standard numerical solvers [7]. Finally, the
output amplitude can be obtained by the input-output theory:

bout = bin −
√
κac (4)

All equations, constants and material parameters used in this
work are listed in Table I and described in more detail in our
previous publication [4].

TABLE I
MRR PARAMETERS USED FOR THE SIMULATION.

Symbol Value Unit Description
λ0 1550e-9 m Cold-cavity resonance wavelength
κ 515e6 rad/s External coupling rate
γ 191e6 rad/s Intrinsic loss rate
gopt 2.23 rad/s Optical gain
ath 5.71e-5 K−1 Temperature coefficient
γth 2e6 s−1 Thermal relaxation rate
δth 4.3e16 K/Js Thermal absorption coefficient

The simulated parameter range spans from 2Pmax ≈
0.6mW, where the dynamics become sufficiently fast, up to
3mW, where optical effects become more influential and may
lead to overshoot during the transition. The sweep speed
ranges from 0.2 nm/s up to 100 nm/s. The sweep was per-
formed over a range of 32 pm, centered around the cold-cavity
resonance wavelength of 1550 nm. A sample was taken every
0.2 ns independent of the sweep speed.

Fig. 3. Transition time in the 1–99% window as a function of pump power
and sweep rate. (a) Parameter map. The marked cross-sections are highlighted
below. (b) Cross-sections for fixed sweep rates. (c) Cross-sections for fixed
pump powers.

The sweep starts off-resonance on the blue side, with the
amplitude ac(t = 0) = 0, assuming no electric field in the
cavity, and an initial temperature difference of ∆T (t = 0) = 0,
and ends on the red side of the resonance.

The simulation is evaluated at linearly spaced wavelength
steps. For a quantitative analysis, we evaluate the rise time
within the 1–99% window, as shown in Fig. 2. The transition
time as a function of pump power and sweep speed for
the 1600 simulations on a linearly spaced 40 × 40 grid is
summarized in Fig. 3 a).

We observe a strong, approximately exponential decrease
in transition time with increasing pump power, whereas the
influence of the sweep speed is comparatively weak, especially
at higher rates, as seen in the cross-sections of Fig. 3 b) and
c).

III. CONCLUSION

We numerically studied switching in bistable Si3N4 micror-
ing resonators under a linear wavelength sweep. The transition
time decreases strongly with increasing pump power, while
the sweep rate has a comparatively weak influence in the
investigated range. These results provide quantitative guidance
for choosing operating points that minimize switching time in
thermally driven MRRs.
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