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1.	  characteriza#on	  by	  SHG	  
2.	  suppression	  by	  ART	  
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The microelectronics industry is trying to marry III-V and Column IV semiconductors  
via hetero-epitaxy to combine the favorable properties of each 
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To	  evaluate	  strategies	  for	  suppressing	  these	  defects,	  
	  a	  fast,	  noninvasive	  diagnos#c	  that	  clearly	  dis#nguishes	  APBs	  from	  TDs	  is	  needed	  
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SHG	  characterizes	  APBs	  sensi#vely	  
and	  non-‐invasively	  

sample	  azimuthal	  rota#on	  
(p-‐in/s-‐out)	  

incident	  polariza#on	  rota#on	  
(ϕ0	  =	  22.5o)	  

300	  

600	  

900	  

0	  

Azimuthal	  angle	  ϕ (deg)	  
0	   120	   240	   360	  

1	  

0	  SH
G
	  s
ig
na
l	  (
ar
b.
	  u
.)	  

2ω 
ϕ 

GaAs(001)	   GaAs/Si(001)	  

2	  

Polariza=on	  angle	  α (deg)	  
0	   120	   240	   360	  

GaAs(001)	   GaAs/Si(001)	  

300	  

600	  

900	  

0	  SH
G
	  s
ig
na
l	  (
ar
b.
	  u
.)	  

Is(2ω) α |sin2ϕ|2  
[Yamada. Phys. Rev. B 49, 14372 (1994)] 

Si(001)	  

epi-‐GaAs	  grown	  by	  MBE	  
 
!
Ein

!

s 

p 

α	  

1	  

0	  

2	  

APDs:	  
0.1	  –	  2	  µm	  

TEM	  

10	  µm	  

~	  30	  µm	  

laser	  spot	  

Is(2ω) α |cosα(fctpcos2ϕ0cosα + tssin2ϕ0sinα)|2  



To	  test	  SHG	  sensi#vity	  to	  TD	  Density	  (TDD),	  
we	  prepared	  InxGa1-‐xAs/GaAs	  samples	  
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TDD:	  2.5	  x	  108	  cm-‐2	  

RMS	  roughness:	  5.8	  nm	  
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Scanning	  SHG	  microscope	  yields	  mohled	  	  
SHG	  response	  from	  APD-‐laden	  surfaces	  
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•	  Bright	  areas	  indicate	  dominance	  	  
	  of	  one	  type	  of	  domain	  within	  the	  	  
	  laser	  spot.	  	  

•	  Dark	  areas	  indicate	  equal	  areas	  of	  
	  +χ(2)	  and	  –χ(2)	  domains	  within	  the	  
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•	  The	  SHG	  images	  are	  NOT	  direct	  
	  maps,	  but	  rather	  higher-‐order	  	  
	  	  	  moments,	  of	  the	  APD	  distribu=on.	  
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•	  SHG	  NSOM*	  may	  be	  able	  to	  	  
	  image	  individual	  APDs	  directly.	  	  
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*Smolyaninov, Phys. Rev. B 56, 9290 (1997) 
   Bozhevolnyi, Opt. Commun. 150, 49 (1998) 
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Growth	  of	  GaAs	  on	  exactly	  oriented	  Si(001)	  
is	  preferred	  for	  high-‐volume	  manufacturing	  

Aspect-‐Ra=o	  Trapping	  (ART)	  is	  an	  established	  
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We	  found	  (serendipitously)	  that	  ART	  pawerning	  of	  
oriented	  Si(001)	  substrates	  also	  drama#cally	  

suppresses	  APDs	  in	  GaAs	  epi-‐films	  
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SUMMARY	  
•	  SHG	  characterizes	  APDs	  in	  polar-‐on-‐nonpolar	  semiconductor	  epi-‐	  
	  	  	  	  films	  sensi=vely,	  quickly,	  non-‐invasively	  and	  selec=vely.	  

•	  Scanning	  SHG	  microscopy	  indirectly	  probes	  APD	  size	  distribu=on;	  	  	  
	  	  	  	  	  SHG-‐NSOM	  promises	  direct	  APD	  imaging.	  

•	  SHG	  APD	  probe	  helps	  develop	  methods	  to	  suppress	  APDs:	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  e.g.	  1.	  vicinal	  substrates;	  	  2.	  ART	  	  	  
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•	  Compared	  to	  RAS,	  SHG	  is	  equally	  useful	  as	  an	  ex-‐situ	  &	  in-‐situ	  APB	  
	  	  	  probe,	  requires	  only	  a	  single-‐λ	  source	  for	  any	  material	  system,	  and	  
	  	  	  enables	  microscopic	  (possibly	  single	  APD)	  imaging.	  	  


