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This document provides supplementary information to "Stably accessing coherent octave-
spanning microresonator frequency combs in the soliton regime," https://doi.org/10.1364/
optica.4.000193. It describes the numerical simulation to obtain the thermal properties of the 
microresonator, and also lists the parameters used in the LLE simulations shown in the main text. 
© 2017 Optical Society of America
https://doi.org/10.1364/optica.4.000193.s001 

1. SIMULATIONS ON THERMAL PARAMETERS

The thermal dynamics in a microresonator are described by the
following equation [1, 2]:

dTeff
dt

= −γT

(
Teff −

Pabs
Kc

)
, (S1)

where γT is the thermal decay rate, Kc is the thermal conduc-
tance of the microresonator, and Pabs denotes the absorbed opti-
cal power. Teff is an effective temperature computed by averag-
ing the temperature of the cavity, T(r, t), over the optical mode
volume as

Teff =

∫
T(r, t)n2(r)|E(r)|2 d3r∫

n2(r)|E(r)|2 d3r
, (S2)

where n(r) denotes the refractive index and E(r) is the electric
field of the cavity mode.

To obtain the numerical values of the the thermal decay rate
and the thermal conductance, we implement the heat transfer
equation based on the finite element method (FEM) for the res-
onator structure (See Fig. S1(a)). The heat source is assumed
to have the same intensity distribution as the resonant mode
(i.e., we assume a linear absorption of optical power). By fit-
ting the simulation results (Fig. S1(b)) with Eq. S1, we obtain
γT = 2.9 × 105 Hz and Kc = 2.86 × 10−4 W/K for a 23 µm
radius Si3N4 microring resonator.

2. PARAMETERS USED IN LLE SIMULATION

In this section, we list the major parameters used in the LLE
simulations shown in the main text, including Figs. 4-6 and 8. In
Fig. 4, we have adopted similar parameters as used in Ref. [3],
where the dispersion of the microring is dominated by the sec-
ond order dispersion (β2). In all the other LLE simulations,
the dispersion is obtained from a fully vectorial microresonator
eigenfrequency mode solver based on FEM, which includes the
bending dispersion present in THz mode spacing resonators
(not significant for the 100 GHz mode spacing in Fig. 4), and
higher-order dispersion terms are retained. The full LLE simu-
lation shown in Fig. 6 is performed by combining Eq. S1 with
the standard LLE model, using the thermal parameters obtained
in Section 1. We assume a value of the Kerr nonlinear refrac-
tive index n2 ≈ 2.5× 10−19 m2W−1 for Si3N4 [4, 5], and the
effective nonlinearity γ is determined from this value and the
FEM-determined effective modal area [6, 7].
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Fig. S1. Numerical simulation of the thermal properties for an air-clad Si3N4 microresonator. (a) Steady-state temperature distri-
bution of a 23 µm radius Si3N4 microring resonator with 13.8 mW absorption power. The Si3N4 thickness is 600 nm and the buried
oxide (BOx) layer thickness is 3 µm. (b) Simulated effective temperature Teff relative to the ambient temperature (blue circles) af-
ter turning on the heat source at t = 0. The red solid line is the exponential fit to extract the thermal decay rate and the thermal
conductance of the resonator.

Table S1. Parameters used in the LLE simulations in the main text

Figure No. Qc/Qi Dispersion Radius(µm) Power (mW)

4 1× 106/1× 106 β2 = −1.6× 10−25 ps2/(nm · km) (From Ref. [3]) 230 750

5 & 6 6× 105/1× 106 FEM simulation 23 40, 80 (see the legend)

8 5× 105/2× 106 FEM simulation 23 80
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