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*V. G. Karpov, A. D. Compaan, and D. Shvydka, “Effects of nonuniformity in thin-film photovoltaics”, Appl. Phys. Let. 80 (2002) 4256-4258.  

2L 

Substrate 

Epilayer 

*Non-uniformity  → Loading losses 

Lattice-Mismatch → Defects → Low VOC 
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Non-uniform growth on polycrystalline CdTe  →  efficiency losses. 

V. G. Karpov, A. D. Compaan, and D. Shvydka, “Effects of nonuniformity in thin-film photovoltaics”, Appl. Phys. Let. 80 (2002) 4256-4258.  

 Improve uniformity by isolating grains.  
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Javier Terrazas, Aaron Rodriguez, Cesar Lopez, Arev Escobedo, Franz J. Kuhlmann, John McClure, David Zubia, Ordered polycrystalline thin films for high 

performance CdTe/CdS solar cells, Thin Solid Films, Volume 490, Issue 2, IMRC 2004, 1 November 2005, Pages 146-153 
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p-CdTe 

p-ZnxCd1-xTe 

p-ZnxCd1-xTe n-CdS 

2.4 eV 

1.5 eV 
2.3 eV 

Ef 
EC 

EV 

metal 

Reduced 
lattice 
mismatch 

band offset 
enhances 
electron-hole 
charge separation  

Graded bandgap creates a field 
along the structure 

high level doping 
(1018 cm-3) thus 
creating a tunneling 
junction with the 
metal electrode 

Spatial variation of 
the band-gap can 
increase both Jsc 
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• BOP allows system energy as 
a function of dislocation 
spacing to be derived 

• Minimization of system 
energy with respect to 
dislocation spacing leads to 
an equilibrium spacing 
around 3.8 nm, matching 
remarkably well with 
experiments 

J. J. Chavez, D. K. Ward, B. M. Wong, F. P. Doty, J. L. Cruz-Campa, G. N. Nielson, V. P. Gupta, D. Zubia, J. McClure, and X. 
W. Zhou, Defect formation dynamics during CdTe overlayer growth, Unpublished 



•Critical Island Width, W (fixed substrate) 
•CdTe-CdS: 4 nm 
•ZnTe-CdS: 40 nm 
•ZnTe-CdS: 100 nm (only 5 dislocations) 

12 



13 



14 

CdS on  ITO/Glass or Single Crystal CdS

Process Flow

Photo
resistPR

Blanket SiO2 or Si3N4

CdTeCdTeCdTe

Ebeam litho 
and 

RIE etch

100 nm 
and bigger

2-8um

Glass (1mm thick)
Indium tin oxide (ITO) 150nm

Cadmium sulfide thin film (CdS) 100nm

Glass (1mm thick)
Indium tin oxide (ITO) 150nm

Cadmium sulfide thin film (CdS) 100nm

Glass (1mm thick)
Indium tin oxide (ITO) 150nm

Cadmium sulfide thin film (CdS) 100nm

200nm

Nitride 
or oxide 
frame

Etched 
windows

CdS

ITO

Glass

CdTe single 
crystal grains 



Feature size 200-500nm 

Standard 

Nanopatterning 

Nano Imprint 

Feature size 125-275nm  

Interferometry 

Feature size 150-250nm 

eBeam 

Feature size 50-150nm 15 



CdTe Selective growth CdTe nucleation SiO2 mask on CdS 

CdTe selective growth  
on SiO2/CdS patterned 
substrates 

SiO2/CdS substrate where 
glass spacer was placed 
during CdTe deposition 

SiO2 

CdS 

CdTe 
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CdTe ZnTe 

Planar Micropattern Nanopattern 
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