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Solar Energy

• Humanity uses 12 TW of power

• 100.000.000.000.000 kWh/y

• World will need 15 TW by 2012

• Five TW scale energy sources:
• Coal
• Oil
• Gas
• Nuclear fuels
• Solar

The earth receives more energy from the sun in just ove r 
one hour than the world uses in an entire year
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1. Thermal solar � transfers radiation into heat

2. Photovoltaic's (PV) � transfers radiation into electricity

Figures from wikipedia and NREL
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source: Credit Suisse company compiled data

Photovoltaic Solar Installations
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source: Credit Suisse company compiled data

Grid parity

• Grid parity reached

2025

2020

2015

2010
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Solar Energy Costs

• Energy payback time: 2 - 5 years
• Economic payback time:

• Efficiency 15% ® 150 Wp/m2 ® 120 kWh/year/m2

• Investment: 4 €/Wp ® 600 €/m2 ® 5 €/kWh/year

• Electricity costs: 0.2 €/kWh ® > 25 years payback time !!
• Solar cell guaranteed lifetime: 25 years 

• R&D in photovoltaic industry concentrates on reducing €/Wp by
1. Higher conversion efficiency
2. Lower production costs
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Three generations of solar cells

1. Wafer cells
• + mature technology
• + large scale available

2. Thin film cells
• + cheaper production
• + option to flexible

3. New concepts
• + Potentially cheapest
• + Potentially efficient

• Mono / multi crystalline
• 200-300µm thick
• Efficiency 15-16% (22%)

• 1 - 10 mm thick
• “Cheap” substrates
• Efficiency 6-12 % 

• 3D structures
• New materials
• Efficiency < 5%
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NYDOCS1 - #771442v40 /8

Wet processing in solar cell manufacturing
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Front Contact Metallization 

• Screen printing of Ag fingers
• 120 micron wide ® 4-5% shading !

• Reduction of shading by electroplating fingers
• 80 mm Screen printed Ag seed layer

1. 100 mm Ag or Ni/Cu/Sn electroplating (light assisted)
2. 100 mm Ag Light Induced Plating (LIP)

Source: Fraunhofer ISE
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CoO estimate electroplated contacts

Cost item %

Silver 36

Water 8

Bath liquid 7

Electricity 0

Heating & Light 1

Facility 2

Operator 19

Maintenance 3

Depreciation 23

Electroplating of Ag grid on Si wafer
• 2000 wafers/hour/ line
• 50 MW/year

• Wafer production Costs: + 0,15 €
• 50% Materials
• 30% Equipment
• 20% Labor

• + 0.4 % efficiency 
• Wafer production costs / Wp: + 0,016 €
• Module production costs / Wp: - 0,01 €
• Module price / Wp: -0,06 €
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sources: 
Wambach et al. EU PVSEC 2007
Hesse et al. EU PVSEC 2007)

Thin film solar cells 

• Better energy output – kWh/KW 
• Lower production costs (1.35 vs 1.80 €/ Wp)

• Less material usage (0.2 vs 10 kg / kWp)
• Potential for lower costs throughout value chain

• Roadmap of glass-to-glass and flexible substrate
• Better aesthetics
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NYDOCS1 - #771442v40 /12

Wet deposition in CIS TFPV manufacturing

• CI(G)S: CuInGaSeS

• Industrial
• 1 – 2 mm Cu/In (Ga)(Se) stack
• CBD of CdS buffer layer

• Research
• CuIn(Ga)Se2 absorber layer
• ZnO Transparent Conductive Oxide 

(TCO) window layer
• Electroplated grids
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CI(G)S Absorber precursor electrodeposition

• Deposition process:
1. Co-evaporation
2. Two step process

1. Precursor deposition
2. RTP

Co-evaporation

Electroplating
• Cu/In/Ga(Se) stack

• Annealing
• Selenization /Sulfurisation

• Future: CuZnSn(Se/S) ?
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Electrodeposition of Semiconductors

• Photo absorbers
• CdTe
• CuInGaSe (CIS)

• Buffer layers
• CdS
• ZnS
• In2Se3

• Transparent conductive oxides
• ZnO

• Free energy of formation:
• Positive potential shift
• Window of stoichiometric growth
• Self-regulated growth

CdTe

Free Energy of 
Formation

Potential 
shift

-98.4 kJ mol-1 +0.5 V

D. Lincot, Thin Solid Films 487 (2005) 40– 48
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CIS Electrodeposition

Cu2+ + Se(IV) + 6e� ® CuSe
2Cu2+ + Se(IV) + 8e� ® Cu2Se
2CuSe + 2e� ® Cu2Se + Se2-

2In3+ + 3Se2- ® In2Se3

Cu2Se + In2Se3 ® 2CuInSe2

2 mM Cu2+, 
10mM In3+

4 mM SeO2
2-

0,5 M NaCl.
-0,35 V vs. Ag/AgCl,

CuInSe2

Nanocrystalline nodular structure

Detrimental high defect concentration
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Post plating annealing treatment

IRDEP Paris:

13,8% (10x10cm)

CuInSe2As-plated

30 min 
@ 400oC

-0.5% Se

1 mm
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ZnO window layer electroplating

• Transparent Conductive Oxide (TCO)
> 90% transparency

• 10-5 Wm conductivity (doped)

• ZnO deposition conditions
• 0.1 M Zn(NO3)2

• 0.1 M KNO3

• pH 5.5
• 65 – 80 oC
• -0.8 to -1 V vs Ag/AgCl
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Current density dependent structure

Current density transient at -0.9 V vs Ag/AgCl 
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Summary

• Photovoltaic's is a growing market: 
• The sun is a huge energy source
• There is an demand for sustainable energy

• Growth is limited by too long payback time

• R&D focuses on reaching grid parity by:
• Increasing the conversion efficiency
• Reduction in production costs

• Electroplating contributes by:
• Industrially used processes
• Potential for low-cost production for thin film solar cells


