
Chalcogenide	  glass-‐ceramics	  for	  
photovoltaic	  applica5ons	  :	  
developpment	  of	  the	  new	  

composi5ons	  

Ilia	  Korolkov,	  Xiang-‐Hua	  Zhang,	  Jean-‐Luc	  Adam	  



According	  to	  Kardashev	  	  ’s	  scale,	  we	  are	  the	  civiliza6on	  of	  ZERO	  level	  !	  	  
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Modern	  solar	  cells	  :	  State-‐of-‐the	  art	  
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40GeSe2	  –	  40Sb2Se3	  	  -‐	  20CuI	  

Favorable	  ceramiza5on	  parameters:	  
T	  =	  Tg+50	  

Ini5al	  phase	  separa5on	  :	  
Co-‐existance	  of	  stable	  and	  unstable	  
phases	  
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Photochemical	  mesurement	  

J	  v=0.6	  	  	  =	  0.102	  mA*cm-‐2	  	  

8	  mm	  

LiClO4	  
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3-‐electrode	  PC	  measurement	  setup	  

Typical	  
sample	  
External	  
surface	  well	  
polished,	  
internal	  
covered	  
with	  silver	  
paste	  



Compositon	  is	  tolerante	  to	  the	  oxide	  impuri5es	  -‐-‐-‐	  	  
No	  demande	  of	  high	  purity	  expensive	  element	  	  
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IR	  spectra	  measurement	  and	  SEM	  image	  of	  
40-‐40-‐20	  glass-‐ceramic	  without	  metal	  

doping	  

IR	  spectra	  measurement	  and	  SEM	  image	  of	  
40-‐40-‐20	  glass-‐ceramic	  doped	  with	  

1000	  ppm	  of	  Al	  



Advantages	  of	  glass-‐ceramics	  and	  it	  
unique	  microstructure	  

J	  v=0.6	  =	  0,04	  mA*cm2	  
J	  v=0.6	  =	  0,102	  mA*cm2	  
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Advantages	  of	  crystall	  for	  structural	  
inves5ga5ons	  
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TEM	  image	  of	  P-‐N	  junc5on	  	  for	  crystalized	  
sample.	  We	  can	  see	  two	  types	  of	  crystals	  

with	  a	  large	  interface	  
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HRTEM	  chemical	  analysis	  of	  composi5on.	  One	  can	  see	  that	  Iodine	  spa5aly	  co-‐exists	  with	  
selenium.	  	  



Facile	  thin-‐film	  prepara5on	  

Pomp	   Trap+	  liquid	  
nitrogen	  

Raw	  elements	  	  
Se,	  Ge,	  Sb,	  CuI	  

100	  mm	  
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Only	  40-‐40-‐20	  
target,annealed	  

Sous-‐couche	  of	  CuI	  5nm	  –	  620	  nm	  of	  
40-‐40-‐20,	  annealed	  for	  4	  minutes	  

Co-‐deposi@on	  of	  CuI	  and	  40-‐40-‐20	  target,	  
annealed	  for	  4	  min	  

Sous-‐couche	  of	  CuI	  5nm	  –	  200	  nm	  of	  
	  40-‐40-‐20,	  annealed	  for	  4	  minutes	  

Crytstaline	  phase	  are	  tunable	  due	  to	  the	  possibilty	  of	  co-‐deposi5on	  and	  hea5ng	  treatment	  



Bulk	  heterojunc5on	  solar-‐cell	  
500	  nm	  GeSe2	  –	  Sb2Se3	  –	  CuI	  
Annealed	  for	  3	  h	  at	  260	  C	  

Planar	  p-‐n	  junc5on	  sollar	  cell	  
400	  nm	  Sb2Se3	  +	  50	  nm	  4-‐4-‐2	  VC	  

Current	  density	  is	  0.79	  mA	  

These	  results	  
obtained	  by	  
M.	  Bo	  Fan	  
Lab.	  Verres	  et	  
ceramique	  
Mars	  2014	  
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Conclusion	  

•  Concentra5on	  of	  Ge	  does	  not	  exceed	  10%	  -‐	  it	  
is	  the	  only	  expensive	  element	  in	  this	  
composi5on	  

•  Glass-‐cermaic	  is	  not	  sense5ve	  to	  the	  presense	  
of	  Oxygen-‐impuri5es.	  

•  Prepara5on	  of	  thin	  films	  is	  flexible	  due	  to	  the	  
ceramiza5on	  nature	  

•  Stability	  of	  the	  composi5on	  can	  be	  controlled	  
by	  varying	  of	  Ge	  concentra5on	  
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Thank you for your attention 
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