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Thin -film  Crystalline Si  

J Low-cost 

J Simple 

L Scarce 
L Toxic 

J Efficient 

J Stable 

J Abundant 

J Well-known 

L $ material 
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Marriage of thin -film with c -Si cells  

through nanophotonics  
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Thin -film  Crystalline Si  
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A PLAN?  

NANOPHOTONICS ... 
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STEP BY STEP: INGREDIENTS  

Nanophotonics 
in the cSi PV 

field 

A 

Low-cost 
lithography 

B 

Controlled 
profile 

C 

Optical 
properties! 
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SURFACE NANOPATTERN  
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Periodic  pattern ? Nanoimprint lithography, laser holographic lithography 

Disordered  pattern ? Hole mask colloidal lithography 

2µm 

Flexible 

pattern 

Very high 

resolution 

Max. 

throughput

? 

Fine tuning  

Precise 

alignment 

Exists in 

industry 
Cost? 

Non 

flexible 

No 

precision 

Amount of 

process 

steps 

New 

technique, 

far from 

application 

A 

Ack INL, France 

Ack Chalmers Univ., Sweden 
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PROFILE TUNING òINVENTORYó 

DRY 

Reactive ion etching 

WET 

TMAH etching 

Metal-catalysed 

dry etching 

B 
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See poster 1AV. 3.25 (O. El Daif et al. 

nanopatterning cSi) and references therein  
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OPTICAL PROPERTIES ON 

POLISHED CSI 
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Random nanopatterning - R=9%
Periodic nanopatterning - R=12.6%
Random pyramid patterning - R=12.7%
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Random nanopatterning with ARC - R=5.3%
Periodic nanopatterning with ARC - R=5.6%
Random pyramids with ARC - R=5%

We can thin down ARC and 

passivation layers:  

dielectric layers are costly! 

C 
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ANNUAL ENERGY YIELD  

In Belgium 50% direct and 50% diffused light 

Up to 24% is lost due to system losses 

~3% losses due to the angular mismatch 

Nano / Pyramids  

 

Å 13% relatively less loss 

Å  0.5 % absolute less loss 

C 

O. EL DAIF - 28TH EU PVSEC 



13 © IMEC 2013  

STEP BY STEP: INGREDIENTS  

Nanophotonics 
in the cSi PV 

field 

A 

Low-cost 
lithography 

B 

Controlled 
profile 

C 

Optical 
properties! 

O. EL DAIF - 28TH EU PVSEC 



14 © IMEC 2013  

STEP BY STEP: INGREDIENTS  

Nanophotonics 
in the cSi PV 

field 

A 

Low-cost 
lithography 

B 

Controlled 
profile 

C 

Optical 
properties! 

O. EL DAIF - 28TH EU PVSEC 



15 © IMEC 2013  

LETõS JUST TRY !  
NANOIMPRINT  VS RANDOM  PYRAMIDS  FOR PERC CELLS  

Surface damage  

? 

Sample Jsc (mA/cm2) Voc (mV) FF (%) Eta (%) 

NIL 33.7 643 77.4 16.7 

RP 37.2 636 79.2 18.7 
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STEP BY STEP: INGREDIENTS  

A 

Low-cost 
lithography 

B 

Controlled profile 

C 

Optical 
properties! 

D 

Cell 
design/integration  
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