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Abstract  

We present growth and optical characterization measurements of single InAs site controlled 

quantum dots (SCQDs) grown by molecular beam epitaxy on GaAs (001) patterned substrates by 

atomic force microscopy oxidation lithography. InAs SCQDs directly grown on the patterned 

surface were used as a seed layer and strain template for the nucleation of optically active single 

InAs SCQDs. The preservation of initial geometry of the engraved pattern motifs after the re-

growth interface preparation process, the lack of buffer layer growth prior to InAs seed layer 

deposition and the development of suitable growth conditions provide us an improvement of 

SCQDs active layer optical properties retaining at the same time a high ratio of single occupation 

(89%). In this work a fivefold reduction on the average optical line-width from 870 μeV to 156 

μeV for InAs SCQDs located 15nm from the re-growth interface is obtained by increasing the 

temperature of the initial thermal treatment step of the re-growth interface from 490ºC to 530ºC. 

 

1. Introduction 

Semiconductor quantum dots (QDs) have attracted great attention due to their potential as 

building blocks for quantum information technologies. Single photon and entangled photon pair 

emission from individual semiconductor QD have been demonstrated, using both optical and 

electrical injection [1-4]. The development of single QD based devices for quantum information 

technologies imposes strong requirements in the fabrication of QDs. In terms of the spatial 

location, the development of fabrication schemes of QDs with precise control of the 

nanostructure location is desirable to enable the deterministic and scalable integration of single 
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QDs in practical devices [5]. Different technological approaches for positioning semiconductor 

quantum dots have been developed, but, among them, those based on epitaxial growth of the 

nanostructures on nanoholes patterned substrates are the most widely employed [6,7]. 

Nanoholes, patterned in the substrate surface, act as preferential nucleation sites for selective 

QD formation. The selectivity arises from the local minima of the surface chemical potential 

located at the bottom of each nanohole, related to the local curvature, which drives adatom 

migration towards the nanoholes [8]. Several lithographic techniques have been used for the 

fabrication of patterned substrates with application in growth of site-controlled quantum dots 

(SCQDs), including e-beam lithography [9-13], nanoimprint lithography (NIL) [14,15] and 

atomic force microscopy (AFM) oxidation lithography [16,18]. AFM oxidation lithography 

enables the direct patterning of the substrates (without the use of resists), provides high 

positioning accuracy and it is a very promising lithographic technique for the deterministic 

integration of nanostructures in photonic microcavities and devices [19,20]. 

Some common epitaxial procedures might have an undesired impact on the patterned features 

and should be used with caution during epitaxial growth. Conventional thermal oxide desorption 

at high temperature is not compatible with the growth on patterned substrates due to surface 

pitting [21]. Instead, other techniques, such as atomic H treatment [22,23], Ga assisted oxide 

desorption [24] or special chemical native oxide removal processes [25], are suitable for 

patterned substrates. Furthermore, growth of thick buffer layers or growth at high temperature 

should be avoided due to the smoothening of the patterned motifs, in order to preserve the 

selectivity and control of the QD formation in the nanoholes. These limitations force the 

positioned nanostructures to be grown close to the air-exposed surfaces where the pattern was 

fabricated. Degradation of the optical properties has been commonly observed, being usually 

attributed to defects or contamination in the re-growth interface, introduced during the processes 

related to patterning of the substrate. Spectral diffusion effects, caused by random carrier 

trapping in the QD surroundings, produce homogenous broadening of optical emission lines of 

SCQDs in proximity to interfaces [26,27]. 

As high optical quality of nanostructures is a crucial requirement for quantum information 

applications, great effort has been devoted in recent years to improve the optical properties of 

positioned nanostructures. Optimization of the patterning and cleaning and preparation 

procedures for epitaxial growth are key steps to reduce the degradation of the optical properties 

of the SCQD caused by the proximity to the re-growth interface. Increasing the distance 

between the active nanostructures and the re-growth interface by means of thicker buffer 

layers[28] or vertical stacking [29] are convenient growth strategies to improve the optical 

quality of SCQDs.  
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Vertical stacking of positioned nanostructures allows to replicate the pattern design and to 

increase the distance between active SCQD and the re-growth interface. InAs SCQDs 

nucleation in the active layer is strain driven by the buried InAs QDs from the seed layer. This 

strategy has been applied successfully to fabricate SCQDs with improved optical properties 

[30]. Recently, it has been reported the growth of SCQDs whose optical properties could match 

those of self-assembled QDs [31,32,28]. Despite this encouraging result, reducing the 

inhomogeneity of the optical and structural properties of the positioned nanostructures remains 

a challenging task. 

In this work we report on the optical properties of single InAs SCQDs grown by molecular 

beam epitaxy (MBE) on GaAs(001) patterned substrates, fabricated by AFM oxidation 

lithography. Thermal annealing of the re-growth interface up to 530ºC and vertical stacking of 

the nanostructures provides an improvement of the InAs SCQDs optical properties with respect 

to our previously studied single layer InAs SCQDs grown on same kind AFM oxidation 

lithography patterned substrates [33]. Micro-photoluminescence (μPL) measurements of the 

vertically stacked active InAs SCQDs, located 15nm from the re-growth interface reveal an 

average exciton line-width of 156 μeV with a standard deviation of 50 μeV. 

2. Experimental details 

Nanoholes templates are fabricated by means of AFM oxidation lithography and subsequent 

chemical removal of fabricated oxide motifs. We use epitaxial GaAs substrates, consisting of 

500 nm thick GaAs layers grown on epi-ready commercial (001) substrates by MBE at a growth 

rate of Ga, rg(Ga)=1 monolayer per second (ML/s) at substrate temperature TS = 580ºC. These 

substrates are directly patterned by AFM local oxidation, operating a Nanotec commercial AFM 

system in dynamic mode in ambient conditions (RH = 20-30%). Fabricated patterns consist of 

square arrays of oxide motifs, with dimensions of the oxide base radius in the range rox = 50-

120nm and 2 μm pattern pitch. Nanoholes are formed by selective removal of the fabricated 

oxides points by a HF wet etching step (HF 50%, 5 minutes) and immediately introduced in the 

MBE system. This simple procedure prior to epitaxial re-growth is a noticeable advantage of 

AFM oxidation lithography, where no resists are used for patterning.  

Samples are first degassed at TS = 200ºC for 12 minutes before being transferred to the MBE 

growth chamber. A 30 minute atomic H treatment is applied to the samples to remove surface 

oxides [22] and to obtain a clean surface suitable for epitaxial re-growth [23]. Surface sample is 

exposed at a substrate temperature TS = 450ºC to atomic H flux, obtained by thermal cracking of 

H2, at a base pressure of H2 P = 4.5·10
-5 

Torr, with simultaneous As4 supply at beam equivalent 

pressure, BEP(As4) = 6.4·10
-6 

Torr. Once the surface oxide has been removed from the GaAs 

surface, two alternative growth protocols are followed for single layer InAs SCQD or vertically 
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stacked InAs SCQD. For single layer InAs SCQDs, a 30nm buffer layer is grown at low 

temperature TS=450ºC by atomic layer MBE [34] at growth rate rg(Ga) = 0.5ML/s, with a pulse 

sequence 1.2s (As4 OFF, Ga ON)/ 0.8s (As4 ON, Ga ON). For vertically stacked InAs SCQDs 

no buffer layer is grown and InAs will be deposited directly on the re-growth interface. 

The growth procedure for InAs deposition is common for single layer SCQDs and vertically 

stacked InAs SCQDs. This procedure consists of increasing substrate temperature to TS = 530ºC 

in an 8 minutes ramp with the As cell closed and then it is lowered to InAs deposition 

temperature, TS = 510ºC. InAs is then deposited at a growth rate rg(In) ~ 0.01ML/s at As4 

overpressure, expressed in terms of their equivalence to ML/s of As on a GaAs (001) surface, 

Feq(As) = 0.5 ML/s [35]. Indium coverage is set to ~1.5ML, below the critical thickness for QD 

formation on flat surface (~1.7ML, as observed from 2D-3D transition in the reflecton high 

energy electron diffraction diagram) to avoid the formation of self-assembled QDs in 

unpatterned regions. A 2 minutes growth interruption is applied to promote the indium atoms 

surface migration leading to InAs nucleation in the pattern sites. For the single layer SCQDs, 

the obtained InAs nanostructures constitutes the active nanostructures, while for vertically 

stacked SCQDs samples this first layer of InAs constitutes the seed layer. In the latter case, 

these InAs are capped with a GaAs spacer layer and a second layer of InAs is deposited. 

The GaAs spacer layer is grown at a growth rate rg(Ga) = 0.125ML/s and TS = 510ºC. GaAs 

spacer layers with thickness of 15 nm and 20 nm were fabricated. After 2 minutes of growth 

interruption for surface flattening, the second InAs layer is deposited. Identical InAs coverage 

and growth parameters as those used for the growth of the seed layer are employed.  

Samples for morphological characterization are cooled down and taken out from the MBE 

system, while samples for optical studies are capped with a 125 nm GaAs layer. The first 15 nm 

of the capping layer are grown at rg(Ga)= 0.125ML/s with Feq(As) = 0.5ML/s at TS= 510ºC. 

Then, substrate temperature is increased to TS = 580ºC and remaining capping layer is 

completed at rg(Ga) = 0.5ML/s with Feq(As) = 2ML/s.  

Morphological characterization of samples surface was performed by AFM using the same 

Nanotec set-up employed for substrate patterning. Nanosensors Si AFM tips with nominal tip 

radius of 7 nm were employed. μPL characterization of single quantum dots was performed at 

4K using a diffraction limited confocal microscope inserted in a low vibration cryogen free 

cryostat (Attocube Attodry 1000). Scanning μPL maps were also recorded for identification of 

the patterned regions using a XY piezo scanner. A 785nm continuous wave diode laser was 

used to excite the photoluminescence which was dispersed by a 750 mm focal length 

spectrometer at a resolution of ~30 μeV and detected with a cooled Si Charge Coupled Device 
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(CCD). The neutral exciton fine structure splitting was measured through its linear polarization 

angle dependent spectrum. 

3. Results and discussion 

Figure 1 presents nanoholes corresponding to the pattern state right before InAs seed layer 

SCQDs growth (1a) and before InAs growth for single layer SCQDs (1b). Figure 1a presents a 

pattern nanohole at the re-growth interface after the thermal ramp up to TS=530ºC and 

subsequent cooling down to TS=510ºC. Figure 1b presents a pattern nanohole after the growth 

of a 30nm thick GaAs buffer layer and the thermal ramp up to TS=530ºC and subsequent 

cooling down to TS=510ºC. AFM images and profiles along [110] (red line) and [1-10] (blue 

line) are presented. Original oxide profiles (black line) are included as references. 

Nanoholes obtained after HF wet etching replicate geometric oxide dimensions [36]. The 

nanohole geometry still remains approximately equal to that of the corresponding oxide motif 

when GaAs buffer layer hasn’t been grown (1a). From AFM measurements only a slight 

evolution of lateral dimensions of the nanohole is observed, with an average increment of 10% 

in the width along [110] crystallographic direction and an average reduction of 2% in the width 

along [1-10] crystallographic direction. In contrast, when a GaAs buffer layer is grown a strong 

evolution of the nanohole geometry is observed, leading to shallow motifs, elongated along 

[110] direction (1b). This is a general behavior found on the overgrowth of nanoholes by MBE, 

caused by the growth anisotropy [36,28]. The lack of buffer layer for vertically stacked InAs 

SCQDs preserves well the initial pattern nanohole geometry in contrast with the rapid evolution 

of patterned motifs when GaAs buffer layer is grown [37], spoiling the reproducibility and 

control of the subsequent InAs nucleation process as it will be shown later.  

Figure 2 presents 3,5x3,5 µm
2
 AFM images (2x2 pattern motif areas) corresponding to seed 

layer InAs SCQD grown directly in the re-growth interface, which constitutes the seed nuclei 

for vertically stacked InAs SCQDs (2a) and single layer InAs SCQD grown on 30nm buffer 

layer (2c). Identical parameters for InAs growth were employed in both samples (TS=510ºC, 

Feq(As) = 0.5 ML/s, 1.5ML InAs). Figure 2a clearly shows that selective InAs QD formation is 

achieved within the patterned substrate nanoholes; self-assembled QDs don’t appear at 

interstitial positions even without previous growth of GaAs buffer layer, proving the validity of 

the used procedure for epitaxial re-growth of patterned substrates. Statistics of the number of 

QD obtained per pattern site is presented in figure 2b, showing that very high (98%) single QD 

formation per pattern site is achieved as expected from the growth parameters and the size range 

of the pattern motifs employed [38]. In contrast, high ratio of empty holes or multiple InAs QD 

formation is obtained on the shallow pattern motifs obtained after the growth of a 30nm GaAs 

buffer layer, as shown in figure 2c. Statistics of the number of QD obtained per pattern site is 
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presented in figure 2d, showing the loss of both pattern selectivity for InAs nucleation and 

single QD formation control. The smoothening and elongation of the pattern motifs favors the 

multiple QD formation within nanoholes [36]. In this sense, Zallo et al. have reported on the 

growth of QDs pair on nanoholes fabricated by As debt epitaxy when GaAs buffer layers are 

grown and single QD when no buffer layer is grown [39]. 

Figure 3 presents 3,5x3,5 µm
2
 AFM images (2x2 pattern motif areas) of vertically stacked InAs 

SCQD active layer grown on 15 nm (3a) and 20nm (3c) thick GaAs spacer layer. The obtained 

statistics of QD number per pattern site are shown in figure 3b and 3d. Sample with 15nm thick 

GaAs spacer layer preserves the pattern design with high fidelity and shows 89% of pattern sites 

occupied by single InAs SCQD, closely replicating the single QD occupation on the seed layer 

(figure 2b). However, sample with 20 nm thick GaAs spacer layer shows 75% of the pattern 

sites empty (figure 3b). This is due to the vanishing of the strain field at the GaAs spacer layer 

surface. The optimal value obtained for the spacer layer thickness around 15 nm is largely 

determined by the size of the SCQDs at the seed layer used in this work. Bigger InAs nuclei 

(with similar composition) would yield strain field extended to longer distances, that would 

allow high ratio vertical stacking of positioned nanostructures on thicker spacer layers. 

The optical emission was analyzed at 4K for all samples. Optical characterization of both 

capped and uncapped sample of vertically stacked InAs SCQDs with 15nm thick GaAs spacer 

layer has been performed. The uncapped sample was used to study the nanostructures directly 

grown on the patterned surface (seed layer). The role of this layer is to act as a strain template 

for nanostructure vertical stacking and poor optical efficiency is expected. Emission from the 

seed layer is only found under high excitation power (Pexc), as presented in figure 4a for two 

different pattern sites. The emission is weak and distributed over a very broad energy range 

where no individual peaks can be identified. In contrast, measuring under the same conditions 

two pattern sites of the capped sample, we find intense, narrow and well resolved peaks arising 

from excited shell emission and ground shell charged excitons and biexcitons as shown in figure 

4b. The result suggests that the emission of the seed layer in the capped sample will be 

negligible at low excitation powers and allow us to evaluate the optical quality of the vertically 

stacked InAs SCQDs in the active layer in the following. 

Figure 5a shows a μPL map showing a region of 6x7 pattern sites in the vertically stacked InAs 

SCQDs capped sample. In order to identify all optically active InAs SCQDs, high excitation 

power was used and optical emission from 900 nm up to detector cutoff (~1040 nm) was 

integrated. The photoluminescence study reveals that ~85% of the pattern sites are occupied by 

optically active nanostructures, which is in good agreement with the pattern occupancy 

evaluated by AFM for samples with 15nm thick GaAs spacer layer (figure 3b). The average 
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emission energy for the whole array is centered at 1.247eV, with a standard deviation of 23 

meV. Partial capping and annealing method could be used to improve the optical emission 

energy uniformity as it has been demonstrated for self-assembled [40,41] and site-controlled 

QDs [32,42].  

As a figure of merit we have analyzed the spectral line-width of single emission peaks in more 

than 50 InAs SCQDs under low excitation power (Pexc~12-40nW) [11]. The full width at half 

maximum (FWHM) is extracted from gaussian fits and represented in a histogram plot in figure 

5b. The median, average and standard deviation values of the line-width are 146 μeV, 156 μeV 

and 50 μeV, respectively. Inset shows the spectrum of the InAs SCQD with the lowest FWHM 

value, 64 μeV, achieved in this work. These values represent a great improvement with respect 

to our previous work on site-controlled InAs nanostructures [33] where the SCQDs showed an 

average FWHM 870 μeV. This fivefold reduction has been obtained without increasing the 

distance between the optically active InAs SCQDs and the re-growth interface (15 nm in both 

cases) and highlights the crucial importance of the highest temperature that undergone the re-

growth interface. In that previous work this temperature was TS = 490ºC instead of TS = 530ºC 

employed in this work. Furthermore, similar optical characterization of the nanostructures 

grown on a 30nm thick GaAs buffer layer, as the ones presented in figure 2c, shows average 

FWHM value of 304 μeV and median FWHM value of 273 μeV, even though the distance from 

the re-growth interface is twice that of the vertically stacked InAs SCQDs sample. Ignoring this 

parameter (distance from re-growth interface) the only difference between the samples is the 

highest temperature the re-growth interface is exposed, being TS = 450ºC for single layer InAs 

SCQDs instead TS = 530 ºC for vertically stacked InAs SCQDs samples. These results clearly 

show that the thermal treatment of the re-growth interface is more crucial than increasing the 

distance of the active nanostructures from re-growth interface for improving the SCQDs optical 

quality.  

The longer annealing time at a higher temperature used in this work for vertically stacked InAs 

samples prior to onset of epitaxial re-growth on the patterned surface strongly reduces spectral 

diffusion effects caused by the presence of charge carriers at interfaces [26,27,43,44]. In 

addition, the removal of GaAs buffer layer growth step prior to InAs seed layer deposition 

preserves the initial geometry of the engraved motifs, which allow us to control the InAs 

nucleation process obtaining a high single QD formation ratio. 

The line-widths found here are of the same order as those reported for InAs SCQDs grown near 

to re-growth interface on nanohole patterned substrates fabricated by different lithographic 

techniques [11,12,45]. Higher annealing temperature or longer atomic hydrogen treatments of 

the re-growth interface than used in this work [23] will be crucial to further reduce spectral 
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diffusion effects and to improve the optical quality. In this sense, Jöns et al. have demonstrated 

the growth of InAs SCQDs with a median optical line-width value of 13μeV in e-beam 

lithography patterned substrates located only at 22nm from the re-growth interface that match 

the optical properties of self-assembled InAs QD [32]. They use a short thermal anneal of the 

re-growth interface up to 570ºC and a 10nm thick buffer layer. In that work the single QD 

nucleation per pattern site ratio was around 20%, with a high probability of empty pattern sites 

or multiple QD formation, evidencing that the growth of high-quality InAs SCQDs with high 

yield and uniformity is still challenging nowadays. So the procedure presented in this work is a 

relevant result, simultaneously improving the optical quality of the InAs SCQDs and controlling 

the single QD occupation ratio. It shows the relevance of the re-growth interface preparation 

process and proves the highest temperature the re-growth interface is exposed as a crucial 

parameter in the surface preparation step of patterned substrates. Moreover, the developed 

process has a great room for improvement by increasing the temperature of thermal treatment of 

re-growth interface above 530ºC and/or by introducing AlGaAs blocking layers between re-

growth interface and the SCQD active layer.  

Figure 6 shows a more detailed optical characterization performed in two InAs SCQDs from the 

vertically stacked sample, labeled in the following QD1 and QD2. The excitation power (Pexc) 

dependence of the µPL integrated intensity (not shown) of the main peaks has been fitted to a 

power law IµPL=αPexc
m
 as usual [46,47]. At low powers, QD1 emission is dominated by a single 

peak at 1.2798 eV, with FWHM 115 μeV and exponent m = 1.12 ± 0.03, which is attributed to 

the neutral exciton X. With increasing excitation power the spectrum becomes dominated by a 

peak at 1.2782 eV with exponent m=1.80±0.08 attributed to the neutral biexciton XX. Angle 

resolved linear polarization measurements (figure 6c) reveals that both X and XX are indeed 

two linearly polarized doublets split by the electron-hole anisotropic exchange interaction as 

expected for InAs QDs on GaAs (001) [48]. The fine structure splitting (FSS) is clearly resolved 

with a value 82 ± 2 μeV. The two other peaks shifted in energy from the neutral exciton by 3.1 

meV (1.2829 eV) and -6.8 meV (1.2730 eV) show no polarization splitting and present 

exponents m = 1.20 ± 0.03 and m = 1.41 ± 0.02, respectively. They are attributed to positively 

and negatively charged trions X
+
 and X

-
 [49] with slopes different than one due to the carrier 

trapping dynamics [47]. 

The same analysis for QD2 emission shows that the peaks at 1.2361 eV and 1.2386 eV have 

exponents m = 2.01 ± 0.15 and m = 1.16 ± 0.03 and polarization resolved measurements 

consistent with neutral biexciton XX and exciton X recombination, respectively. A FSS value of 

42 ± 3 μeV was found in this case. The emission spectrum however is dominated from the low 

excitation regime up to saturation by a peak at 1.2341 eV with FWHM 95 μeV which shows no 
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polarization dependence and, therefore, is attributed to a negative trion X
-
 arising from a more 

efficient charging process in this QD. 

The FSS values found for QD1 and QD2 are comparable to those found in self assembled InAs 

QDs emitting at similar energies [50]. It shall be noticed that the energy splittings have opposite 

sign in both QDs with the low energy peak of the doublet linearly polarized along different 

directions in each QD (almost 90 degrees shift). QD confinement anisotropy (elongation), 

strain, and piezoelectric effects as well as intrinsic atomistic asymmetries or extrinsic (caused by 

In/Ga alloying for instance) have to be analyzed in detail to explain this result but are beyond of 

the scope of this work [50,51]. A reduction of the FSS value with increasing exciton emission 

energy and decreasing QD size has been observed for self-assembled QDs [50,52]. In this sense, 

the use of a partial capping and annealing method or post-growth annealing treatments to limit 

the QD size could be useful to obtain smaller InAs SCQD with expected reduced FSS values 

that could be used to develop deterministic entangled photon pair sources. 

The capability, shown in this work, of simultaneously improving the optical quality of InAs 

SCQDs and retaining high single occupation ratio, proves the highest temperature the re-growth 

interface is exposed as a crucial parameter for re-growth interface cleanliness, making more 

attainable the technological goal of developing a high yield growth process for highly uniform 

site controlled nanostructures with improved optical properties. 

4. Conclusion 

In summary, the growth and optical characterization of single InAs SCQDs grown on GaAs 

(001) substrates patterned by AFM oxidation lithography has been reported. InAs SCQDs 

directly grown on the patterned surface were used as a seed layer and strain template for the 

nucleation of optically active single InAs SCQDs with high probability using optimized growth 

parameters, resulting in a fivefold reduction of the exciton line-width from 870 μeV to 156 μeV 

for these QDs. The preservation of initial geometry of the engraved pattern motifs after the re-

growth interface preparation process, the lack of buffer layer growth prior to InAs seed layer 

deposition and the development of suitable growth conditions provide us an improvement of 

SCQDs active layer optical properties retaining at the same time a high ratio of single 

occupation (89%). The presented results demonstrate the highest temperature the re-growth 

interface is exposed as a crucial parameter in the surface preparation step of patterned 

substrates. Higher temperature and longer treatments of the re-growth interface than the 

employed in this work would make more attainable the development of a high yield growth 

process for uniform site controlled nanostructures with improved optical properties. 
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Figures 

 

Figure 1 – 600x600nm
2
 AFM image of pattern nanoholes obtained after and thermal ramp up to 

TS=530ºC and subsequent cooling down to TS=510ºC (a) and after atomic H treatment, growth 

of a 30nm thick GaAs buffer layer, thermal ramp up to TS=530ºC and subsequent cooling down 

to TS=510ºC (b). Corresponding AFM profiles along [110] (red) and [1-10] (blue) 

crystallographic directions. Original oxide profile (black solid) and negative oxide profile (black 

dashed) are shown as references. 
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Figure2- 3.5x3.5μm
2
 AFM images, showing 2x2 pattern sites, of seed layer InAs SCQDs 

grown without GaAs buffer layer on the patterned substrate surface (a) and InAs SCQDs grown 

on 30nm thick GaAs buffer layer (c). Occupation histogram plots are presented (b and d). 
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Figure3- 3.5x3.5μm
2
 AFM images, showing 2x2 pattern sites, of vertically stacked active layer 

InAs SCQDs with 15nm thick GaAs spacer layer (a) and 20nm thick GaAs spacer layer (c). 

Occupation histogram plots are shown (b and d). 
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Figure 4- Spectra taken at two pattern sites for InAs QD seed layer (a) and InAs QD active 

layer (b) at low temperature T=4K. Note the factor 10 in PL intensity scales. 
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Figure 5 – High excitation power μPL map of patterned region showing 6x7 pattern sites (a) 

and optical FWHM line width histogram of 57 InAs SCQDs (b) Inset: single InAs SCQD 

emission with FWHM 64μeV. 
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Figure 6 – Optical characterization of two InAs SCQDs. μPL spectra for increasing excitation 

power for QD1 (a) and QD2 (b). Polarization dependent energy position peak for labeled peaks 

in QD1 (c) and QD2 (d).  

 

 


