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I. 3D-FDTD simulation of electric field intensity distribution

The full-vector time-dependent Maxwells equations were solved using the 3D-FDTD method on a com-
putational grid with perfectly matched layers (PML) boundary conditions. GaAs/AlGaAs micropillar is
introduced in the calculation domain with size of 5 umx 5 um x 13 um. The structural parameters of
the pillar are the same as referenced sample. Average refractive indices of GaAs and Aly9Gag 1As were
3.56 and 3.05, respectively. A dipole source in range of 5 nm (center at 918 nm ) is used to represent a
InAs quantum dot lying in the center of one-A GaAs cavity. The simulation stores the time evolution of the
electromagnetic fields and the intensity profile(Fig S1) is plotted for a two-dimensional cut along x-z axis
in log scale, which shows that almost all the light emitted by the dipole is coupled to the pillar cavity mode
and escape through the top DBR with small divergence angle.

II. The theoretical Purcell factor and Q factor of the ideal device

The theoretical calculations of Purcell factor (F),) (Fig S2) and a Q factor for our 12/25 micropillar with a
diameter of 2 um using 3D-FDTD method are F,,=5.4 and Q=1820, respectively.
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Fig S 1. Normalized two-dimensional intensity profile of the pillar cavity fundamental mode with the diameter of 2

um along x-z axis in log scale, the white line represents the outline of pillar and cavity.
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Fig S 2. Theoretical calculations of Purcell factor (F,) and a Q factor (Q) for our 12/25 micropillar with a diameter
of 2 um using 3D-FDTD method.

III. The analysis and derivation of the real Purcell factor

As shown in last section, the theoretical Q factor and F,, of 2 um pillar is 1820 and 5.4, respectively. In real,
for our device, the Q factor of the planer cavity (Q,p) is extracted to be 1676, the Q factor of the fabricated
pillar with the diameter of 2 ym become 1438 due to the loss from sidewall and active layer absorption, and

the F), is derived to be 4.3 with such a Q factor compared with the theoretical one.
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The F, can be measured experimentally by two methods. The first one is to carry out time-resolved
photoluminescence (PL) measurement, and compare the lifetime of a QD on and off resonant with the
cavity mode. This method is intuitive and simple but may be limited by the time resolution of detector,
and influenced by the capture and relaxation time of electron and holes inside the QD under non-resonant
excitation. Another one is to measure the PL intensity as a function of the energy detuning between the QD
emission and cavity mode, which can be carried out under continuous-wave (CW) excitation!! 3],

Fig S3 shows the integrated intensity of the QD emission under 780 nm excitation (black dot). By
changing the temperature, the QD emission is detuned on and off resonant with the cavity mode. The data

is fitted by the function!!:

B F,/(14+4A%/1.2)
L(8) =4 x 1+\?2F,,/(1+4A2/162)’ W

where A is the coefficient, A is the energy detuning between QD emission and cavity mode, 7. represents

the linewidth of the cavity mode, which equals to 0.94 meV for the cavity with a Q factor of 1438. By
modeling the experimental data (red line), we yield a Purcell factor of 3.954-2.44, the fit error can be caused

by the uncertainty of intensity measurements. This result agrees well with the F,, = 4.3 calculated using 3D-
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FDTD simulation, and can satisfy the F}, needed to achieve a collection efficiency 1 = 5 +¢2(0) T93MHz Tourmy
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Fig S 3. Integrated intensity of the QD emission under 780 nm excitation (black dot), the pump power is significantly
below the saturation of the QD. By fit the data as a function of the Energy detuning(A), the F), is derived to around be
3.95 (red line).
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