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Rue André Ampère, F-91405 Orsay, France
2CRHEA-CNRS, Rue Bernard Grégory, F-06560 Valbonne, France
3Laboratoire Charles Coulomb (L2C), UMR 5221, CNRS-Université de Montpellier, F-34905 Montpellier, France
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ABSTRACT

Supplementary material for manuscript ”Phase-matched second harmonic generation with on-chip GaN-on-Si microdisks”

1 Phase matching between TM(0,0,28) and TM(0,2,56) modes

The figure S1 shows the resonance wavelength of the TM(0,0,28) and TM(0,2,56) modes as a function of the disk diameter.
Phase matching is obtained for a disk diameter of 7.99 µm. We attribute the difference of diameter with the experimental value
to the uncertainty on the refractive indices at the harmonic wavelength and to the uncertainty on the disk diameter as a small tilt
in the vertical sidewall is present in the processed structures. A variation of the refractive index by 0.01047 for the harmonic
wavelength would predict phase matching at 7.6 µm as observed experimentally.

Figure S 1. Calculated dependence of the resonance wavelength of the TM(0,0,28) mode and twice the wavelength of the
TM(0,2,56) modes as a function of the disk diameter.
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2 Harmonic generation measured on a large spectral range
The figure S2 corresponds to the measurement of the second harmonic signal on a large spectral range for the disk diameter of
7616 nm. The second harmonic efficiency has been normalized to one when the pump is in resonance with the TM(0,0,28)
mode. Single-resonance second harmonic signal can be observed when the pump is in resonance with other whispering gallery
modes in the near infrared, like the TM(0,0,27) mode.

Figure S 2. Figure showing the SHG efficiency obtained with the excitation of different modes. The upper part of the curve
corresponds to the transmission measurement. The lower part of the curve corresponds to the SHG efficiency (SHG signal
divided by the square of the coupled power). The SHG efficiency has been normalized to 1 for the maximum obtained with the
TM(0,0,28) mode. The efficiency is much smaller with the other modes (the vertical scale has been multiplied by a factor of
10). The measurement is performed with the 7616 nm diameter disk for which phase matching is obtained with the TM(0,0,28)
mode. The amplitudes of the oscillation on the transmission measurement can vary depending on the experimental setting.

3 Modeling of second harmonic signal
The figure S3 shows some examples of modeling of the SHG signal following Formula 1. The amplitude varies for each curve
as well as the vertical scale. One clearly observes the effect of the double resonance when the harmonic is also resonant with a
whispering gallery mode. The modeling does not account for the splitting of the harmonic mode.

Figure S 3. Examples of modeling of the results presented in Fig. 3 following formula 1. Note that the vertical scale differs
for each curve. The amplitude of the maximum SHG signal is used to draw Figure 4. One can directly see the impact of the
double resonance (diameter 7616 nm) where the harmonic signal is significantly higher. The modeling does not account for the
splitting between clockwise and counter-clockwise mode for the harmonic whispering gallery mode. The disk diameter is
indicated on each curve.
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4 Susceptibility dispersion
The ordinary and extraordinary relative susceptibility dispersions used for the III-nitride materials in the modeling are obtained
following Ref.1 and Ref.2. The wavelength is expressed in µm.

AlN

εo = 1+ 3.14768λ 2

λ 2−0.018249

εe = 1+ 3.33537λ 2

λ 2−0.019368

GaN

εo = 1+ 0.213λ 2

λ 2−0.1225 +
3.988λ 2

λ 2−0.02341

εe = 1+ 0.118λ 2

λ 2−0.1225 +
4.201λ 2

λ 2−0.03115
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