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ABSTRACT

Supporting information for Demonstration of critical coupling in an active IlI-nitride microdisk photonic circuit on silicon. Device
characterization, FDTD simulations, maximum output power, and lasing and mode shift are discussed in more detail.

Device characterization
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Figure S1. (a) SEM image of a nominally 50 nm gap and (b) gray scale profile along the vertical direction and integrated
along the horizontal direction of the rectangle in (a), giving a gap of 45 nm at the top.

Figure S1 (a) shows an SEM image of a device with a gap of nominally 50 nm. The gray scale profile in Fig. S1 (b)
is measured along the vertical direction and integrated along the horizontal direction of the rectangle in Fig. S1 (a). The
measurement gives a gap of 45 nm at the top. With this method we determined the gaps provided in the main text.

FDTD simulations

Three-dimensional (3D) finite-difference time-domain (FDTD) simulations of devices with 5 um diameter were performed with
a Gaussian source placed in one end of the waveguide for transmission simulations. Fig. S2 shows the simulated transmitted
radiative flux of a 5 um diameter microdisk, A = 90°, w = 170 nm, and g = 50 nm. The emitted flux is measured at the end of
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Figure S2. Simulated (top) and experimental (bottom) spectra of a device with A = 90° and g = 50 nm (simulated) and 45
nm (experimental). The azimuthal orders of the first-order radial modes are m = 85 to 79.
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Figure S3. FDTD simulations of the H, field for devices with 5 ym diameter, w = 170 nm, and g = 30 nm to 50 nm.
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Figure S4. Mode shift over diameter. The linear fit gives a 0.8 nm blue shift per 10 nm reduction in diameter. The inset shows
the FDTD transmission simulations of the 420 nm mode.

the waveguide and divided by the flux at the beginning of the waveguide to obtain the transmission. Refractive indices at 7
different wavelengths are used to take dispersion into account. The simulation is compared to the experimental CW spectrum
(bottom) of Fig. 2(a) in the main text with g = 45 nm. The positions of first-order radial modes match well between simulation
and experiment and the mode spacing is 3.6 to 4.0 nm. The theoretical mode spacing AA is given by

)VZ

AL =
27rng ’

(ShH

where n, is the group index. For bulk AIN n, = 2.33 and for bulk GaN n, = 3.23 at A = 430 nm. This gives an effective
ng.ers = 3.2 for the investigated microresonator and an expected mode spacing of AA = 3.7 nm, matching very well with the
experimental and simulated results. The azimuthal orders of the modes are identified in Fig. S2 and are determined by counting
the nodes in the H, field. Modes of orders m = 85 to 79 are visible.

The simulated H, field of devices with 5 um diameter and g = 30 to 50 nm are depicted in Fig. S3. Good phase matching
can be observed for g = 40 and 50 nm. The depicted mode is a first order radial mode with azimuthal order m =79 at 441 nm.

The device geometry in the simulation is slightly different than for the fabricated devices. However, the region of interest,
the coupling region is the same. The waveguide bends around the disk in a 90° angle at a distance g from the disk. The only
thing missing in the simulation is the waveguide bending away from the disk in a region that is irrelevant for coupling, which
will only provide some minor bending losses that we can neglect in our simulation as we are focusing on the coupling.

Figure S4 shows the mode shift over diameter, indicating that per 10 nm reduction in diameter the mode blue shifts by
0.8 nm. The inset shows the corresponding transmission simulations for a mode at 441 nm. This phenomenon is observed
experimentally due to the proximity effect of the waveguide with decreasing gap during the fabrication process and is discussed
in Fig. 6 in the main text.

Maximum output power

In order to determine the Q¢ value where Py, becomes maximal for a given Byymp we calculate dPoy /dQOc = 0, which gives

BC (Qin+Qc)?
Poumpy = F 4 o . Eint TEC)7 2
P = T COm (52
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Figure S5. Maximum output Q¢ as a function of P,ymp according to equation (S2) and with the experimental values from Fig.

5 in the main text with error bars.
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Figure S6. Lasing spectra measured above the disk for (a) g = 30 nm and (b) g = 55 nm and at the end of the waveguide for

(¢) g =30 nm and (d) g =55 nm.
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Figure S5 shows the resulting maximum output Oc over Fyump. In the experimentally investigated range of 2 to 5 mJ/cm?
per pulse maximum Py is achieved for Q¢ values in the range of 7000 to 2000. The experimental values are taken from Fig. 5
in the main text. There are many parameters that go into the fit in Fig. S5, such as the fit of P, over Qjpadeq (Fig. 4 (d)), the fit
of P, over Q¢ (Fig. 5), and Q;y, all of which have an uncertainty. The here shown fit is only intended to show a tendency
based on the different parameters extracted from Fig. 4 and 5 and modelling.

Lasing and mode shift
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Figure S7. (a) Pulse-energy dependent spectra around threshold for a device with A = 90° and g = 120 nm. The threshold is
at 1.2 mJ/cm? per pulse. (b) Linewidth vs. pulse energy of the mode in (a) and (inset) integrated intensity vs. pulse energy for
the same mode.
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Figure S8. (a) Pulsed lasing spectra measured at the disk for devices with g = 45 nm for different angles. (b) Peak
wavelength as a function of angle for g = 45 nm and g = 120 nm.

Pulse-energy density dependent measurements of devices with g = 30 nm and g = 55 nm are shown in Fig. S6 measured
both above the disk and at the end of the waveguide. It can be clearly seen that the threshold decreases with increasing gap, as
is discussed in the main text in respect to Fig. 4.

Figure S7 (a) shows pulse-energy dependent spectra around the threshold for a device with A = 90° and g = 120 nm. The
threshold is determined to be 1.2 mJ/cm? per pulse, which corresponds to 300 kW/cm?. The linewidth over pulse energy is
shown Fig. S7 (b), indicating a linewidth narrowing of more than a factor of 2. The inset in Fig. S7 (b) shows the integrated
intensity over pulse energy.

Figure S8 (a) shows spectra for devices with g =45 nm and angles from A = 0° to 90°. Figure S8 (b) shows the peak
wavelength vs. A for g =45 and 120 nm. For small angles a constant 0.3 nm blue shift is observed when going from g = 45 to
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120 nm, due to the change in effective refractive index. For small angles the diameter reduction due to waveguide proximity is
negligible. At A = 90° a 0.4 nm red shift is observed when going from g = 45 to 120 nm due to the increase in disk diameter of
approximately 5 nm, given by Fig. S4. With increasing angle a blue shift is observed due to a reduction in disk diameter, which
is more pronounced at a smaller gap size. The blue shifts of 2 nm at g =45 nm and 1 nm at g = 120 nm correspond to 20 nm
and 10 nm reduction in disk diameter, respectively.
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