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An	
  SAED	
  pattern	
  (Fig.	
  7)	
  taken	
  from	
  the	
  interfacial	
  layer	
  heat-­‐treated	
  for	
  15	
  minutes	
  

is	
  correspondent	
  with	
  the	
  SnOx	
  phase,	
  which	
  suggests	
  that	
  Cu	
  diffuses	
  into	
  the	
  SnOx	
  

layer	
  without	
  phase	
  transformation	
  and	
  leads	
  to	
  formation	
  of	
  SnOx-­‐Cu	
  solid	
  solution.	
  

It	
  suggests	
  that	
  Cu	
  can	
  act	
  as	
  a	
  dopant	
  in	
  SnOx	
  phase	
  with	
  proper	
  control	
  of	
  heat	
  

treatment.	
  

	
  

 

Fig.	
  7.	
  Selected	
  area	
  electron	
  diffraction	
  (SAED)	
  images	
  acquired	
  via	
  TEM	
  from	
  the	
  Cu-­‐diffused	
  SnOx	
  
layer	
  of	
  a	
  Cu/SnOx	
  junction	
  heat-­‐treated	
  at	
  300˚C	
  for	
  15	
  minutes.	
  The	
  d-­‐spacings	
  measured	
  by	
  SAED	
  

are	
  consistent	
  with	
  those	
  of	
  SnOx. 
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The	
  pure	
  SnOx	
  is	
  towards	
  the	
  top	
  of	
  the	
  layer	
  is	
  less	
  smooth	
  (Fig.	
  6a).	
  The	
  

oxygen	
  content	
  is	
  the	
  highest	
  towards	
  the	
  top	
  of	
  the	
  SnOx	
  layer,	
  which	
  is	
  caused	
  by	
  

oxygen	
  diffusion	
  into	
  SnOx	
  layer	
  from	
  the	
  top	
  surface	
  during	
  heat	
  treatment.	
  	
  The	
  

dark	
  contrast	
  phase	
  in	
  the	
  Cu	
  layer	
  is	
  caused	
  by	
  the	
  voids	
  (dark	
  spots	
  in	
  the	
  bottom	
  

layer	
  in	
  Fig.	
  6a).	
  Further	
  work	
  needs	
  to	
  be	
  done	
  to	
  optimize	
  the	
  deposition	
  of	
  Cu.	
  

	
  

3.3 Microstructure	
  Characteristics	
  of	
  the	
  Cu/SnOx	
  Junction	
  Heat-­‐Treated	
  at	
  
300˚C	
  for	
  60	
  Minutes	
  

 

The	
  thin	
  film	
  heat-­‐treated	
  for	
  60	
  minutes	
  shows	
  an	
  approximately	
  constant	
  

concentration	
  of	
  Cu	
  (10.1	
  to	
  12.5	
  At.	
  %)	
  throughout	
  the	
  entire	
  SnOx	
  layer	
  (Fig.	
  8).	
  	
  

The	
  Cu	
  diffused	
  SnOx	
  layer	
  has	
  the	
  same	
  smooth	
  appearance	
  in	
  the	
  STEM	
  image	
  as	
  

the	
  sample	
  heat-­‐treated	
  for	
  15	
  minutes,	
  but	
  this	
  smooth	
  layer	
  continues	
  to	
  the	
  top.	
  	
  

 
(a) 

 
(b) 

 
(c) 

 
Fig.	
  8.	
  	
  HAADF	
  STEM	
  Image	
  with	
  EDX	
  elemental	
  map	
  overlays	
  (a),	
  EDX line scan (b), and (c) EDX 
spectrum of Cu/SnOx interface heat treated at 300˚C for 60 minutes. Cu is diffused into the SnOx layer with 
an approximately constant concentration across the entire SnOx layer.  



	
   23	
  

	
  

It	
  appears	
  the	
  Cu	
  diffusion	
  in	
  SnOx	
  has	
  reached	
  a	
  saturated	
  concentration.	
  

Like	
  the	
  as-­‐deposited	
  sample,	
  the	
  oxygen	
  content	
  is	
  higher	
  towards	
  the	
  top	
  of	
  the	
  

SnOx	
  layer.	
   	
  

Table	
  2	
  shows	
  that	
  that	
  the	
  diffusion	
  of	
  Cu	
  into	
  the	
  SnOx	
  layer	
  increased	
  with	
  

heat-­‐treatment	
  time	
  and	
  that	
  there	
  was	
  no	
  significant	
  Sn	
  diffusion	
  into	
  the	
  Cu	
  layer.	
  	
  

Table	
  2.	
  Atomic	
  concentrations	
  of	
  Sn,	
  O,	
  and	
  Cu	
  acquired	
  by	
  EDX	
  in	
  three	
  locations	
  
in	
  the	
  Cu/SnOx	
  junction	
  as-­‐deposited,	
  heat-­‐treated	
  at	
  300˚C	
  for	
  15	
  minutes,	
  and	
  
heat-­‐treated	
  at	
  300˚C	
  for	
  for	
  60	
  minutes.	
  

Location	
   Time	
  at	
  300˚C	
  (min)	
   Sn	
  (at.	
  %)	
   O	
  (at.	
  %)	
   Cu	
  (at.	
  %)	
  
	
   	
   	
   	
   	
  

~200	
  nm	
   0	
   0.0	
   5.0	
   95.0	
  
Into	
  Cu	
   15	
   0.1	
   3.4	
   96.6	
  
Layer	
   60	
   0.1	
   4.4	
   95.5	
  
	
   	
   	
   	
   	
  

~200	
  nm	
   0	
   38.9	
   57.7	
   3.4	
  
Into	
  SnOx	
  	
   15	
   40.7	
   48.4	
   10.9	
  
Layer	
   60	
   42.3	
   45.2	
   12.5	
  
	
   	
   	
   	
   	
  

~450	
  nm	
   0	
   32.3	
   65.5	
   2.2	
  
Into	
  SnOx	
   15	
   37.3	
   56.3	
   6.4	
  
Layer	
   60	
   35.1	
   54.8	
   10.1	
  

	
  

	
  

	
  

	
   As	
  a	
  summary,	
  we	
  have	
  found	
  that	
  

1)	
  With	
  proper	
  heat-­‐treatment,	
  Cu	
  readily	
  diffuses	
  into	
  SnOx	
  without	
  phase	
  

transformation,	
  but	
  little	
  Sn	
  diffuse	
  into	
  Cu.	
  

2)	
  By	
  controlling	
  heat-­‐treatment,	
  SnOx-­‐Cu	
  gradient	
  can	
  be	
  formed.	
  

3)	
  Cu	
  reaches	
  a	
  saturated	
  concentration	
  of	
  ~10	
  at.	
  %	
  in	
  SnOx.	
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4 CONCLUSION	
  

SnOx-­‐Cu	
  gradient	
  alloy	
  thin	
  film	
  can	
  be	
  fabricated	
  via	
  a	
  simple	
  thermal	
  

treatment.	
  Future	
  work	
  would	
  include	
  variation	
  of	
  experimental	
  parameters	
  to	
  tune	
  

the	
  diffusion	
  process	
  and	
  study	
  the	
  effects	
  on	
  the	
  band	
  structure	
  of	
  the	
  

heterojunctions.	
  The	
  effects	
  of	
  porosity,	
  and	
  crystallization	
  of	
  the	
  SnOx	
  layer	
  require	
  

more	
  examination.	
  Photovoltaic	
  testing	
  is	
  needed	
  to	
  study	
  the	
  efficiencies	
  of	
  cells	
  

fabricated	
  with	
  this	
  method..	
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