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Cross sectional TEM analysis 

Figure 2 : 25° tilted SEM images showing typical results for samples grown under the same 
conditions but with different preparations. a) 1µm pitch EBL pattern transferred into a 250 ± 
10 Å oxide layer by 20 s dip in BHF, with a large dispersion in NW length and radius as 
indicated by the boxes. b)  Unpatterned sample with growth on native oxide.  Boxes indicate 
the dispersion in NW length and radius. c) 1µm pitch EBL pattern transferred into 230 ± 10 Å 
oxide layer by 1 min CF4 RIE, with a lower length-radius dispersion.  

Patterned substrate preparation  Pitch dependence of  NW growth rate 
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• Length and radius (L-R) distributions of NWs on both 
patterned & unpatterned samples were measured. A linear 
dispersion is obtained for patterned growth where residual 
oxide is found in holes and growth on native oxide  
 

• A reduced spread in the obtained NW dimensions is 
obtained for “oxide-free” holes, ↑Laverage & raverage with        
↑ growth time indicates simultaneous radial growth.  
 

Incubation time and L-R curve origins  

•  Measurements of the average lengths and diameters of 
vertical nanowires in 20 patterned areas, each with 
progressively increasing hole diameters and pitch were 
used to calculate the overall axial and radial growth rates 
 

• This confirms that significant accompanying radial growth 
occurs. Furthermore, the rate of radial growth increases 
with increasing pattern pitch. 

Figure 4: Cross-sectional TEM images of NW-substrate interface of 
sample with EBL pattern transferred by 1 min CF4 RIE etch. a) HAADF 
image showing a vertical NW and several “crawling” crystallites 
originating from EBL holes (~48 nm diameter hole). b) HAADF image 
showing a vertical NW and EBL hole. c) HRTEM image showing the 
NW-Si interface. d) BFTEM image showing a crystallite in an EBL hole. 

e) HRTEM image showing the crystallite-Si interface.  

Figure 3: Cross-sectional TEM images of NW-
substrate interface of a sample with a 250 nm 
pitch EBL pattern transferred into a 250 ± 10 Å 
thick oxide layer by a 20 s BHF etch. a) HAADF 
image showing the cross-section with two 
vertical NWs and several empty EBL holes. b) 
HAADF image showing NW with a GaAs seed 
extending into the Si substrate. c) HRTEM image 
showing the GaAs seed extending through a 
residual ~20 Å thick oxide layer at the bottom of 
the EBL hole. d) HAADF and e) BFTEM images of 
an unoccupied EBL hole showing residual oxide 
in the bottom of the hole.  

• Periodic arrays of Ga-catalyzed GaAs NWs grown by GS-
MBE on Si(111) using patterned oxide templates. 
 

• Transfer of EBL defined pattern  of holes by wet/dry 
etching techniques is a 

     crucial step   
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Growth Temperature: 630°C 

V/III Ratio: 1.8 

Growth Rate: 1 µm/hr 

Growth Time: 15 minutes 

Gallium Pre-deposition: 30 s 

Cooling: No As2 overpressure 

Comparison of MBE growth results 

Figure 5: Measured length and radius of NWs with linear fitting parameters for a) a 1µm pitch EBL pattern transferred into a 250 ±10 Å oxide layer by 20 s dip in BHF for 15 min MBE growth, b) 
unpatterned growth on native oxide for 15 min growth time and c) 1 µm pitch EBL pattern transferred into a 230 ±10 Å oxide layer by 1 min CF4 RIE for three separate MBE growths for 5, 10 and 
15 min total durations.  The radial growth rate (GRradial), axial growth rate (GRaxial), and initial droplet radius (ro) are indicated in each case. 

 
 

• Droplets of size ro and NW nuclei may not all form 
simultaneously at the beginning of growth, but may form at 
different times during the deposition (where delay is the 
incubation time, tincubation).  
 

• A greater spread in incubation may be expected where 
there is residual oxide, since a Ga catalyst droplet must 
dissolve a hole prior to making contact with the underlying 
substrate. 

Figure 6: SEM images of patterned areas with 48 nm diameter holes and c) 250, d) 500, e) 
1000 and f) 2000 nm pitch after 15 min MBE growth. All images are tilted at 25° with 500 
nm scale bar.  

• The pitch dependence 
of the radial growth 
rate may therefore be 
due to shadowing of 
the adatom flux  
desorbing from the 
oxide surface between 
the NWs due to 
neighboring NWs 

• We propose that gallium-rich conditions may increase the 
size of the liquid droplet, resulting in an inverse tapered 
morphology which promotes 

     step-flow radial growth via  
     secondary adsorption on 
     the NW sidewalls 

 
 
 
  

 

• Different results obtained  
depending on etching used to 
transfer an identical EBL 
pattern of nanoscale holes 
into ~25nm thermal SiO2 

 
• Similarities with native oxide 

Table 1: Gas-source MBE growth 
conditions used in this study. 

 
• TEM analysis of the NW/Si 

interface revealed the 
presence of residual oxide at 
the bottom of patterned 
holes transferred by BHF; 
empty holes are also found 
 
 

• Using CF4 RIE, patterned 
holes are clear of oxide    

Figure 1. a) Apparent EBL hole diameter vs. 
total EBL dose (µC/cm2) for several different 
wet/dry pattern transfer recipes as measured 
from plan-view SEM images. b) Plan-view SEM 
image of a 9,000 µC/cm2 dose EBL patterned 
area with 250 nm inter-hole pitch which was 
transferred into a 250 ±10 Å oxide layer by 3 
min CF4 + H2 RIE. b) Cross-sectional BFTEM 
image of sample taken from the same area. 

Figure 7: a) Axial and b) radial growth rates as a function of the pattern pitch. Each data set 
represents a different prepared hole diameter.  

 
 
 
• Isotropic (wet) etching 

results in undercutting 
of resist, larger overall 
hole diameters 
 

• Under-etching leaves 
thick oxide inhibiting  
nucleation &  growth 

• Cross-sectional lamella were prepared using focused ion beam (FIB) milling 

 


