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Abstract 

 
In many InGaN/GaN single photon emitting structures, significant contamination of the single photon 

stream by background emission is observed.  Here, utilizing InGaN/GaN quantum dots incorporated in 

mesoporous distributed Bragg reflectors within micropillars, we demonstrate methods for the reduction 

of this contamination. Using the resulting devices, autocorrelation measurements were performed using 

an HBT set-up and thus we report a working quantum dot device in the III-nitride system utilizing 

mesoporous DBRs.  Uncorrected g(2)(0) autocorrelation values are shown to be significantly improved 

when excited with a laser at longer wavelengths and lower powers. Through this optimization, we 

report a g(2)(0) value from a blue-emitting InGaN/GaN quantum dot of 0.126 ± 0.003 without any form 

of background correction. 

 
 
 
Many applications require the on-demand emission of one, and only one photon, such as quantum 

cryptography [1,2], linear optical quantum computing [3], and true random number generation [4]. 

Single photon emission has been demonstrated from a range of quantum emitters such as trapped ions 

[5], single molecules [6], atoms [7], diamond vacancy-centres [8], and semiconductor quantum dots 

(QDs) [9]. QD single photon emitters are of particular interest as they boast good stability, narrow 

spectral emission line-width, rapid radiative recombination rates, and the ability to be integrated in, and 

coupled to, optical cavities [10]. 

Over recent years the III-nitride semiconductor materials system has enjoyed great success in LED and 

laser structures [11], but it also displays many advantages for use as single photon sources. The access 

to visible wavelengths it provides is particularly beneficial as it is this region where non-cryogenic 
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ultrafast single photon detectors display greatest sensitivity, and so the size of transmitter and receiver 

optics for free-space cryptography could be reduced [12]. Furthermore, comparably high-temperature 

emission has been reported up to 280 K for InGaN-GaN QDs [13,14] and 350 K for GaN-AlGaN QDs 

[15], while GaAs dots typically emit only at cryogenic temperatures [16]. This shows the potential to 

achieve efficient single photon emission at room temperature, or at least at temperatures accessible by 

on-chip Peltier cooling, which eliminates the need for expensive and cumbersome cryogenic cooling. 

Distributed Bragg Reflectors, consisting of alternating layers of high and low refractive index 

materials, are a potentially important component in moving towards a working commercial quantum 

device. Back reflector structures can be used to improve the extraction efficiency of photons from a 

quantum dot  [17], and ultimately cavities can also be formed to achieve enhancement of the emission 

[18]. Traditionally these DBR structures have consisted of epitaxial layers of nitride alloys with 

differing refractive indices. However this method is limited, as none of the material choices are without 

significant drawbacks; the composition of AlxGa1-xN required to achieve a significant refractive index 

contrast displays a large lattice mismatch to c-plane GaN, which can lead to dislocations and cracks 

[19,20]. Alternatively, AlxIn1-xN can be lattice-matched to c-plane GaN yet exhibits such a small 

refractive index contrast that a large number of layers is required, which coupled with an extremely 

slow growth rate, leads to long growth times [21,22].  Additionally, the available refractive index 

contrast under lattice-matched conditions is limited. On the other hand, the recently developed 

mesoporous DBRs consist of alternating layers of homogenous and mesoporous GaN, and are thus 

lattice-matched. The effective refractive index of the mesoporous layers can be calculated as a 

weighted average of the refractive indices of air and GaN, and so a high refractive index contrast is 

possible for highly porous structures. Furthermore, this recently developed fabrication method boasts a 

fast growth rate and facile fabrication method [23].  

Our QD samples were grown by metal-organic vapour phase epitaxy in a 6 x 2 inch Thomas Swan 

close-coupled showerhead reactor on c-plane sapphire. We utilise the recently developed wafer-scale 

fabrication of III-nitride mesoporous DBR (MP-GaN DBR) using a facile electrochemical 

porosification of epitaxially grown lattice-matched alternating Si-doped (~2 x 1019 cm-3) and undoped 

GaN layers [23]. The InGaN QDs were grown using a modified droplet epitaxy method [24,25], which 

are located in the centre of a 200 nm intrinsic GaN layer between the top and bottom MP-GaN DBRs. 

After sample epitaxy, 10 pairs of top and 10 pairs of bottom GaN/MP-GaN (56 nm and 47 nm thick, 
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respectively) DBRs were formed in a simple one-step electrochemical etching without any extra 

processing steps. Upon the application of a bias to the sample in an Oxalic acid-based electrolyte, the 

Si-doped nGaN layers were selectively porosified, which proceeded both vertically and laterally [23]. 

After electrochemical porosification and formation of the MP-GaN DBRs, porous micropillars were 

made by first drop casting silica microspheres followed by inductively coupled plasma reactive-ion dry 

etching to a depth of ~1.5 µm. The mesoporous DBR structure and the resulting porous pillar structures 

can be seen in Fig.s 1 a) and b).	

	
	

	

	

Optical measurements were performed on porous samples with and without micropillars using 

microphotoluminescence (PL) spectroscopy. The samples were held in a cryostat at a nominal 

temperature of 5.6 K, and optical excitation was achieved using a frequency doubled femtosecond-

pulse tuneable Ti:Al2O3 laser tuned to 350 nm, 375 nm and 400 nm. The emission was collected using 

a 50x magnification objective lens (N.A. 0.4) and analysed using a 300 mm spectrometer with a 1200 

lines mm-1 grating and a liquid nitrogen-cooled charge couple device (CCD) camera. Autocorrelation 

measurements were made using a Hanbury Brown and Twiss (HBT) configuration by passing the 

signal though a 50/50 beam splitter to two photo-multiplier tubes (PMTs). 

Figure 2 a) and c) shows emission spectra measured from areas of non-pillared and pillared samples, 

respectively (for both cases the samples were measured under excitation at 375 nm with a power of 

4.56 μW). Although sharp peaks from QD emission can be observed in both samples, it can be seen 
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Figure 1. a) SEM image of a cross section of the mesoporous DBR. Ten pairs of mesoporous-
GaN/GaN layers positioned above the QD layer, and ten pairs below. b) SEM image of the 
etched micropillar.	

http://dx.doi.org/10.1063/1.5045843


 4

that the micropillar structures have allowed for a significant reduction in collected background 

emission. The reason for this is likely to be two-fold: firstly, the reduction in the material volume 

reduces the area of quantum well (which is the source of the background emission). Secondly, the 

introduction of increased surface area will allow carriers within the quantum well to diffuse to the pillar 

surface, where they can undergo non-radiative recombination [26]. These effects will cause a reduction 

in the emission intensity of the quantum well relative to the quantum dot.  Autocorrelation 

measurements were performed on the emission peaks in the spectra (see figure 2 b) and d), 

respectively), and while no discernible anti-bunching can be observed from the non-pillared sample, a 

g(2)(0) value of 0.307 ± 0.005 is observed from the pillared sample. This is below the limit of 0.5 

required to conclusively demonstrate single photon emission [16], and is therefore evidence of the 

presence of a single quantum emitter in the pillar.  

	
	

	

a) b)

c) d)

Figure 2.  a) Spectrum and b) autocorrelation histogram from the non-pillared porous DBR sample 
excited by a 375 nm pulsed laser at 4.56 μW. c) Spectrum and d) autocorrelation histogram from the 
pillared DBR sample. The non-pillared DBR sample shows no discernible anti-bunching, while the 
pillared sample exhibits a g(2)(0) of 0.307 ± 0.005.	
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In order to further improve the purity with which the single photon emission could be extracted, the 

pillared sample was probed with varying excitation conditions. Pulsed laser sources of wavelength 350 

nm, 375 nm, and 400 nm (second order harmonics of a tuneable Ti:Sapphire laser at 80MHz) were 

used to excite the sample; and in each case measurements were taken at a range of laser powers. Figure 

3 shows a plot of all the g(2)(0) values recorded in this series, alongside the spectra and autocorrelation 

histograms corresponding to the lowest and largest g(2)(0) values. We see that by reducing both the 

excitation power and energy, the emission from the QD can be extracted with less background 

contamination, and, hence, increased purity. The lowest g(2)(0) value of 0.126 ± 0.003 was obtained 

using excitation at 400 nm at a power of 0.8 μW. By tuning the excitation energy below the GaN 

bandgap (λ>~355nm), we selectively excite carriers only in the active region, which leads to a 

reduced background. By further tuning the excitation wavelength to 400nm, where the density of states 

in the InGaN layer is lower, we are able to further reduce the overall carrier density, and achieve a 

cleaner emission spectrum with less background contamination (a similar effect is obtained by 

reducing the excitation power). Together these effects enable the isolation of the single photons from 

the QD with increased purity.  We note that the values of g(2)(0) that we present are the measured raw 

values, and are uncorrected in any way. They thus represent the true purity with which the single 

photons are emitted, and can be isolated and measured with our system. 

This increased purity comes with the caveat of reduced emission intensity, although we note that the 

photon detection rate was still as large as 9000 cps on the PMT detectors, corresponding to a collection 

rate of 105 photons per second by the objective lens [NA 0.4].  (For 350 nm excitation at 2.4 W we 

achieve a g(2)(0) value of less than 0.5 and count rates as high as 3.6 x 104 cps on the PMT detectors, 

corresponding to a collection rate of 5 x 105 photons per second). This rate is currently limited by the 

extent to which we can collect all emitted photons with our NA 0.4 objective, and the internal 

efficiencies related to the dot excitation and emission processes, including any non-radiative decay. 

The overall efficiency between laser excitation (80MHz) and collection is ~0.1%, and if this could be 

improved to 100%, we could then expect an even further improvement of the emission rate (up to 

>1GHz) by using a faster excitation rate, and non-polar QDs [25], cubic [27] or smaller QDs [28], 

which would be expected to exhibit faster emission lifetimes.  
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We have utilized the recently developed simple one-step porosification and one-step dry etching to 

form porous micropillars containing InGaN quantum dots.  Using these structures, we have explored 

the impact of excitation conditions on the observed purity of single photon emission from the 

structures. It has been shown that the value of the autocorrelation g(2)(0) measurement can be greatly 

reduced by the combination of a low power and low energy excitation laser. In this manner we have 

obtained a raw (no background correction of any kind) g(2)(0) value of 0.126 ± 0.003.Thus we report a 

working quantum device utilizing porous GaN. Such a structure is a meaningful step towards the 

realization of high reliability GaN-based optoelectronics for on-demand single photon sources. 
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