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1. Exciton (X) and biexciton (XX) of single quantum dot (QD) in the reference samples 

Fig. S1(a) shows the photoluminescence (PL) spectra of the quantum dot (QD) inside a reference 

sample recorded at 4 K. In this sample, we observed the exciton (X) and biexciton (XX) peaks at 

1,557 and 1,561 nm, respectively. The XX line is 2 meV above the X line. Such “antibinding” of 

the XX state in InAs/InP QD was previously reported [1]. The full width half maximum 

(FWHMs) of the X and XX lines are 0.47 and 0.49 nm, respectively. These values are slightly 

larger than the resolution of the spectrometer of 0.39 nm. The integrated intensities of the X and 

XX lines have linear and quadratic behavior, respectively, see Fig. S1(b). In Fig. 3 of the 

manuscript, we also confirmed the X and XX lifetimes of 1.6 and 1 ns, respectively, which 

correspond to the calculated radiative recombination of X and XX in InAs/InP QD [2]. 

 

 Fig. S1(a) Photoluminescence (PL) spectra of exciton (X) and biexciton (XX) of quantumdots (QDs) as 

a function of excitation powers at 4 K. (b) Integrated intensities of X and XX lines as a function of CW 

laser power. 
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2.  X and XX of single QD and the cavity in the photonic crystals 

We changed the lattice constant of the photonic crystals for tuning the cavity emission to the 

1,550-nm QDs emission. PL spectra of QDs inside a cavity of photonic crystals recorded at 4 K 

are presented in Fig. S2. Fig. S2 shows the shift of the fundamental cavity as a function of lattice 

constant. The shift is from 1,402 to 1,558 nm and it well agrees with the FDTD calculations. We 

observed the same X and XX lines as previously observed in the reference sample for the 

photonic crystal nanocavity with a lattice constant of 440 nm, see Fig. S3(a). This figure shows 

the temperature dependence of PL spectra of the cavity, X and XX lines. The X and XX lines 

shift to longer wavelength along with the increase of the temperature. At the first sight, both 

shifts of the X and XX lines in the cavity are the same with those in the reference sample. This 

shift of the peak center, the peak width and the integrated intensities are depicted in Fig. S3(b). 

The peak centers of X and XX lines in the cavity are at the same wavelength with those in the 

reference sample. However, for the peak widths of the XX in the cavity, we only collect those 

which the XX is off resonance. The peak widths of the X and the XX lines in the cavity are the 

same with those in the reference sample. The integrated intensities as a function of temperatures 

show that the intensities of the XX emission start to increase when it is close to zero detuning.   

 

 

Fig. S2 Photoluminescence (PL) spectra of quantum dots (QDs) inside the line-defect cavity as a function of lattice 

constant. The yellow line is a guide to the cavity peaks (fundamental mode) whereas the blue dots are the cavity 

peaks from finite difference time domain (FDTD) calculation. 



Fig. S3(a) Normalized photoluminescence (PL) spectra of QDs inside the reference samples (top) and the 

line-defect cavity (bottom) as a function of temperatures. The red and purple lines in the PL spectra are to 

guide X and XX, respectively. The brown line is the PL spectrum in the reference sample at 4K.  (b) Peak 

center, width and integrated intensity of X (purple circles) and XX (red squares) in the cavity derived from 

the raw PL spectra. Those for X and XX in the reference samples are shown by empty circles and squares, 

respectively.  

3. Inhibition of the spontaneous emission of XX of single QD in photonic band gap. 

In the manuscript, we observed the shortening of the XX lifetime in the cavity at zero detuning. 

For a proof that this shortening is due to the Purcell effect, we measured time-resolved emission 

of XX QD from the other type of cavity (L3; three-missing-hole cavity and the lattice constant of 

the photonic crystal is 420 nm) and this photonic crystal are still in the same sample with that of 

line-defect cavity. From the PL spectrum in Fig. S4(a), the cavity and the XX emissions are 

observed at 1,440 and 1,557 nm, respectively. Both emissions were separated by ~120 nm, 

which means the XX are completely off resonance. The XX emission is also ~45 nm far from the 

bandgap edge. Unlike the width-modulated line-defect cavity which XX emission may still be 

enhanced by the line-defect [3], the XX emission in L3 cavity is inhibited by the photonic 

bandgap [4].  

 

 

 

Fig. S4(b) shows the time-resolved emission of the XX emission in the L3 cavity. The single-

exponential is good for the fit analysis of the curve, see residual curve in Fig. S4b. The fit yields 

a lifetime of 2.2 ns. The inhibition factor calculated from the lifetime of XX in reference sample 

is therefore 2.2 times. In comparison with the recent observation of the inhibition of the 

spontaneous emission of InGaAs QD in the same structure of the 2D photonic crystal [5], the 

inhibition corresponds well with that measured with total decay rates at the same frequency and 

the calculated LDOS. 

 



 

4. Single photon emitters. 

 

Fig. S5 exhibits the raw histogram of the second order correlation measurements from figure 4 in 

the manuscript. We fitted the histogram for a single QD in a cavity (Fig. S5(a)) with the same 

expression as in the manuscript; 

Fig. S4(a) Photoluminescence (PL) spectra of QDs inside L3 cavity of photonic crystals with a lattice 

constant of 420 nm. (b) Time resolved emission of XX QD far detuned 120 nm from the cavity after 

subtracted from the background. The white line is the exponential fit of 2.2 ns while the bottom of the plot 

shows the residual of fit. Both measurements were performed at 4K. 

Fig. S5(a) Raw histogram of the second order correlation measurements for the XX emission on resonance 

with the cavity at 22 K after 6,800s. The bottom curve is the background noise due to the low dark count of 

SSPD. (b) Raw histogram of the second order correlation measurements for cavity at 4K. 
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where   is a time constant assigned to a combination for the emission lifetime and the inverse 

pumping rate. The fitted g
(2)

(0) is 0.12 ± 0.02. This is 0.02 difference with the fitted g
(2)

(0) from 

the histogram without background. The small background count is related with the low dark 

count of the SSPD. 

The difference between the temporal width of the second order correlation (with continuous 

wave excitation) and the lifetime of XX (with pulse excitation) can be explained by the low 

pumping rate [6, 7]. Santori previously observed a temporal width of 3 ns while the radiative 

lifetime is 0.5 ns and he explained the difference by a model assuming that the pump process is 

mainly a two-step process, while electrons and holes are captured independently [6]. Dorenbos et 

al. suggested that the time constant   is just a sum between the emission lifetime and the 

inverse pumping rate [7].  

In Fig. S5(b), the raw histogram of the second order correlation of the cavity is presented. At the 

first sight, we observe a bunching with a small narrow antibunching dip in the center. However, 

the ratio between the signal and the noise (~20 times) is much larger than the count fluctuations 

close to the zero delay (~0.16 times). Therefore, we conclude that this histogram shows no 

antibunching. 
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