UNSW Photovoltaics Centre of Excellence
III - supported by the Australian Research Council

“The Future of Thin-film Solar
Cells”

Martin A. Green

University of New South Wales
Sydney

U N SW Photovoltaics - Electricity from Sunlight




I I Photovoltaics boomin

10




First generation cells

Larger Si wafer area than ICs

Issues

. thinner cells
. simpler SI purification

. higher conversion efficiency.
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III Second Generation: thin-film

Thin-film Technoloqgies

Advantages

. low materials cost

. large manufacturing unit
. Tully integrated modules
. aesthetics, ruggedness?

. Silicon
. amorphous
. microcrystalline
. polycrystalline
. Chalcogenide (polycrystalline)
. CIS, CIGS [Cu (In,Ga) (Se,S),]
. CdTe
. Dye sensitised, Organics

UNSW
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Silicon Thin-Film

a-Si, uc-Si, c-Si
INES amorphous, microcrystalline, (poly-)crystalline




T Chalcogenides: CdTe and CIGS

. highest efficiency
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Cost reduction
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Grubler et al.,1999
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Cost reduction

UNSW
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III The 3 generations
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1 II The 3 generations
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I II Thermodynamic efficiency limits

n< (1-T,S/E) = 93.3% (direct) = 73.7% (global)
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The 3 generations
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UNSW approach

Evolutionary emphasis
upon crystalline silicon

(robust, abundant, non-
toxic)
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UNSW approach

Evolutionary emphasis
upon crystalline silicon

(robust, abundant, non-

taking the next step
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UNSW approach

Evolutionary emphasis -
upon crystalline silicon 11

(robust, abundant, non-

| taking the next step
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Third generation options
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I II Si-tandem concept
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CSG Solar approach

. high-T silicon

. high-density contacts
. good optics

. deposit then process

. also suits hot-carrier
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1 II Fabrication of Si quantum dots
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JOIR Si quantum dot photoluminescence

Norm. PL Spectra
(2-5nm dots; 300K)
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Third generation options
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U0 - Hot-carrier cell concept
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1 II Summary

. heed to fix carbon problem at source
— provide clean, more cost-effective electricity options
. photovoltaics provides a solution provided
— volumes increased and costs reduced dramatically
. high energy conversion efficiency Is the key to lowest
possible long-term costs
. high efficiency thin-film technologies described for
post-2020 era
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