
Supplementary Materials 

 

I. The detailed growth parameters of samples A-H 

 

Table S1 Detailed QD growth parameters of samples A-H 

Sample 

number 

x in  

AlxGa1-xAs 

 

AlxGa1-xAs 

capping 

layer/nm 

GaAs capping 

layer/nm 

indium 

flux rate 

(ML/s) 

Temperature 

(TC-25℃) 

As flux 

(Torr) 

A 0 0.5 6 nm 0.004 575 5× 107 

B 0.2 0.5 6 nm 0.004 575 5× 107 

C 0.4 0.5 6 nm 0.004 574 5× 107 

D 0.6 0.5 6 nm 0.004 575 5× 107 

E 0.8 0.5 6 nm 0.004 576 5× 107 

F 1 0.5 6 nm 0.004 575 5× 107 

G 1 0.5 20 nm 0.004 573 5× 107 

H 0.2 0.5 20 nm 0.004 576 5× 107 

 

II. Representative AFM image of uncapped InAs QDs  

Atomic force microscope (AFM, Bruker Icon) under peak force tapping mode was used 

to illustrate the size and density of single QDs (SQDs). As shown in Figure S1, the 

SQDs with single lines emission at ~900 nm display an average height of 7-8 nm and a 

typical diameter of 30 nm. The density is lowered down to almost 1 dot/ 𝜇𝑚2. 

 
Figure S1. (a) Representative AFM image (1 𝜇𝑚 × 1 𝜇𝑚 ) of single QD, the insert 

image shows the SQD size; (b) corresponding lateral profiles of the QD along [110] 

(red line) and [11̅0] (black line) crystallographic directions, respectively. 

 

 

 

 

 

 

 

 

 

 

 



III. Representative FSS values of samples B-F 

 

Figure S2. Representative FSS values of samples B-F in (a-e), respectively. The FSS 

value increases as a function of Al component in the capping layer. 

 

IV. Representative STEM images of samples A-F 

 

Figure S3. Three of representative SQD STEM images of samples A-F shows the tilt 

angle increases as the Al component in capping layer increase and the tilt direction 

randomly distributes in right and left.   

 

 

 

 



V. The mechanism of the ultra-large FSS 

To explain this phenomenon, another AlAs capped QD sample was grown without 

indium flushing process. A typical STEM image of SQD is displayed in Figure S4(a), 

revealing different thickness of AlAs on top of the SQD, which mainly caused by the 

weak mobility of Al atoms on the QD surface1. The similar phenomenon of non-

uniform AlGaAs thickness could be observed in Samples B-F, as illustrated in Figure 

4(b). Subsequently, when the substrate temperature was increased to the congruent 

evaporating temperature of InAs material during indium flushing process2 (Figure 4(c)), 

the top of In(Ga)As QD beneath the ultra-thin AlxGa1-xAs layer became sufficiently 

active to break through the capping layer, and finally decomposed into In/Ga/Al and As 

atoms at the surface3, 4. The tilted QDs are supposed to form when meets the non-

uniform thickness of AlxGa1-xAs layer. This obliquity in [11̅0]  crystallographic 

direction is larger than that of [110], as shown in Figures 4(e), owing to the higher 

desorption rate of facets on [11̅0] (As-terminated staircase steps) compared with [110] 

(Ga-terminated staircase steps) as the activation barrier of [11̅0] is smaller than [110]5, 

6. All these factors together we consider eventually contribute to the increase of FSS as 

a function of Al concentration in AlxGa1-xAs. 

 

Figure S4: The illustration of the mechanism of the ultra-large FSS. (a) the STEM 

image of single QD capped with 0.5 nm AlAs without indium flushing. (b) deposition 

of 0.5 nm AlxGa1-xAs on the top of QD; (c) indium flushing process after 6 nm GaAs 

capping; (d-e) illustrate the randomly-oblique QD during indium flushing with AlxGa1-

xAs capping, 𝜃11̅0  and 𝜃110  represent the tilt angle of QD in along [11̅0]  and [110] 

crystallographic directions, respectively. The tilt angles are achieved by statistically 

analyzing the STEM images in supplementary materials Figure S2.  

 



VI. Optical properties of samples G and H 

Figure S5 shows the representative photoluminescence (PL) spectra of WL and SQDs 

in sample G and sample H, respectively. The WL emission is not observed in sample G 

while it’s blue shifted to 850 nm of sample H, which share the same PL properties with 

In-flushing QD of samples F and B, respectively. 

 

Figure S5. (a-b) Representative PL spectra of sample G and H with emission 

wavelength ranging from 820 nm to 900 nm as shown in black lines, the red lines 

represent the PL of SQDs, together with corresponding wavelength distribution of 

SQDs in (c-d), respectively. 

 

VII. Growth method and optical properties of SQDs emitted at 980 nm 

Growth Method 

After growth of 300 nm GaAs buffer layer, InAs QDs were deposited at the temperature 

of (Tc-25)℃  with an indium (In) flux rate of 0.004 ML/s and an arsenic (As) flux 

pressure of 5 × 10−7 Torr. Then 4.5 nm In0.15Ga0.85As strain reduce layer (SRL) was 

deposited on the top of InAs QDs with In deposition rate of 0.2 ML/s, Ga deposition 

rate of 1 ML/s and As flux pressure of 1.9 × 10−5Torr. Finally, 0.5 nm Al0.4Ga0.6As and 

100nm GaAs were overgrown on the top of InGaAs SRL. 

Optical Properties 

Figure S6 shows PL spectra of SQDs with InGaAs SRL and AlxGa1-xAs capping layer 

(x=0, 0.4, 1). The emission at 930 nm represents GaAs/InGaAs/GaAs quantum well 

and the emissions at ~980 nm represents SQDs. The properties of SQDs change 

obviously in different Al composition in the capping layer. AlxGa1-xAs-capped SQDs 

show distinctive three-line and four-line spectra, which is the same as InAs QDs emitted 

at 880 nm. 



 

Figure S6. Black lines show ensemble spectra with emission wavelength ranging from 

920-1100 nm and red lines show corresponding PL spectra of SQDs emitted at ~980 

nm with AlxGa1-xAs capping layer (x=0, 0.4, 1). 
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