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Figure S1. (a) SEM and (b) AFM images of AlN buffer layer grown for 5 mins on Si (111) 

substrate.  

 

 

 

 

Figure S2. SEM images at 45
o
 tilt angle of initial GaN nanostructure morphology (growth 

duration of 20mins) on (a) AlN buffer layer and (b) bare Si (111) substrate, showing 

the presence of micro-network and nanowire-like morphology, respectively.  
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Figure S3. SEM images at 45
o
 tilt angle of (a) GaN nanowires grown for 2 hrs on bare Si (111) 

substrate and (b) GaN micro-network nanostructures grown for 2 hr on ~2 nm thick 

AlN buffer layer. The same growth conditions were used in both cases. Here the 

morphology difference arises due to the presence of the AlN buffer layer. 

 

 

 

 

Figure S4. SEM images at 45
o
 tilt angle of GaN micro-network nanostructures grown with (a) 

0.5 sccm, (b) 1 sccm, and (c) 1.5 sccm N2 flow on Si (111) substrate with AlN buffer 

layer.  
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Figures S4 and S5 show the SEM images of GaN micro-network grown under various conditions. 

It is seen that such micro-network nanostructures can be formed under a wide range of epitaxy 

conditions. Figures S4 (a)-(c) depict the morphology of GaN micro-networks grown at N2 flow 

rates of 0.5 sccm, 1 sccm and 1.5 sccm, respectively, with the substrate temperature at 755
 o
C. It 

is observed that the micro-network lateral widths and growth rates vary with different N2 flow 

rates. For 0.5 sccm, 1 sccm and 1.5 sccm N2 flow rates, the micro-network nanostructure lateral 

widths are nominally ~42 nm, ~30 nm and ~18 nm, respectively, whereas the growth rates are 

~52 nm/hr, 71 nm/hr and 80 nm/hr, respectively. As such, it is clear that a higher N2 flow rate 

promotes the vertical growth of the GaN micro-network but suppresses the lateral adatom 

migration.
[1]

 Moreover, Figures S5 (a)-(c) show the impact of substrate temperature variation on 

the GaN micro-network nanostructure morphology at 670
 o

C, 710
 o

C and 790
 o

C, respectively. 

The N2 flow rate was kept at 1.5 sccm for these samples. For the growth temperatures of 670
 o
C, 

710
 o
C and 790

 o
C, the micro-network nanostructure hole diameters are found to be ~27 nm, ~45 

nm and ~89 nm, respectively, while the growth rates are ~60 nm/hr, 73 nm/hr and 81 nm/hr, 

respectively. Larger hole diameters imply smaller micro-network nanostructure lateral widths. 

Therefore, at an elevated growth temperature, the GaN micro-network nanostructure vertical 

growth is enhanced with suppressed lateral growth.
[2]
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Figure S5. SEM images at 45
o
 tilt angle of GaN micro-network nanostructures grown with (a) 

670
 o
C, (b) 710

 o
C, and (c) 790

 o
C substrate temperatures on Si (111) substrate with 

AlN buffer layer. 

 

 

 

 

Figure S6. Graphical representation for the distribution of micro-network (a) pore size, (b) pore 

circularity, and (c) width. 

 

 

 

 



6 
 

 

Figure S7. (a) Energy-dispersive X-ray spectrum (EDS) of InGaN micro-network nanostructures 

and (b) Elemental mapping of Si substrate. 

 

 

 

 

Figure S8. SEM images at 45
o
 tilt angle of InGaN micro-network nanostructures growth with (a) 

755
 o
C, (b) 675

 o
C, and (c) 600

 o
C substrate temperatures on Si (111) substrate with 

AlN buffer layer. 

 

We have further studied the effect of growth parameters on the formation and properties of 

InGaN micro-network nanostructures. Shown in Figure S8(a)-(c) are the SEM images of InGaN 

micro-networks grown under different growth temperatures at 755
 o

C, 675
 o

C and 600
 o

C, 
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respectively. From Figure S8(a), it is seen that substrate temperature of 755
 o

C results in the 

mixture of InGaN nanowires and micro-network morphology with micro-network growth rate of 

~92 nm/hr. The formation of nanowire structure here indicates the promotion of the vertical 

migration of the adatoms under N2 rich conditions at high substrate temperatures. Also from the 

photoluminescense (PL) spectrum, only the GaN PL peak at ~365 nm was dominant,
[3]

 implying 

the In adatom desorption from the micro-network surface at high substrate temperature due to its 

low sticking coefficient.
[4]

 At 675 
o
C substrate temperature, the formation of the nanowire 

structures is less pronounced (Figure S8(b)) with a growth rate of ~85 nm/hr. A lower substrate 

temperature of 600
 o

C completely eliminates the nanowire formation with a micro-network 

growth rate of ~73 nm/hr, which was found to be the optimum window of the growth 

temperature (Figure S8(c)).  
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Figure S9. Generation rate versus intensity counts for InGaN micro-network nanostructure and 

conventional nanowires. 

 

The generation rate was calculated for the different excitation intensities, assuming a fill factor 

of 75% for both the micro-network nanostructures and nanowires, an InGaN composition of 33%, 

and an absorption coefficient α of 10
5
 cm

-1
, based on previous parameters.

[5]
 From the rate 

equations, the generation rate   and the detected counts   are given by:
[6]

 

             

        

where A is the non-radiative Shockley-Read-Hall (SRH) recombination coefficient, B is the 

radiative recombination coefficient, C is the Auger recombination coefficient, n is the carrier 
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density, and θ is a constant determined by the setup. By considering only the points at low 

excitation powers, before the onset of the droop in relative EQE, the Auger recombination 

coefficient can be neglected in the analysis of the rate equations. By fitting the G vs I curve (the 

fit is the red guideline), shown in the of Figure S9, the parameter 
 

  
 can be extracted. The values 

for 
 

  
 are 5.2 × 10

11
 cm

-1.5
 s

-0.5
 and 1.6 × 10

12
 cm

-1.5
 s

-0.5
 for the micro-network nanostructure and 

the conventional nanowire samples, respectively. Assuming that both samples have comparable 

radiative recombination coefficients due to the similar InGaN compositions in the active regions, 

the non-radiative SRH recombination is approximately three times less in the micro-network 

nanostructures as compared to nanowires. The significantly reduced non-radiative recombination 

in the micro-network nanostructure explains their remarkably higher photoluminescence 

intensity as compared to the nanowires. 
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