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Overview

 Introduction to Commercial Thin Films

 Current Research Topics in Cadmium Telluride

 Current Focus Areas in Copper Indium Gallium Selenide

 Summary of High Level Goals for Commercial Thin Films
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Commercial Thin Film Technologies

Cadmium Telluride (CdTe) Copper Indium Gallium Selenide (CIGS)

Image Credit: First Solar Image Credit: Solar Frontier



energy.gov/solar-office 4

Commercial Thin Film Technologies

 CdTe (First Solar) Currently Represents the Majority of Domestic Cell 
Manufacturing Capacity.

 Raw Materials can be Converted into Completed Thin Film PV 
Modules in just a Few Hours.

 First Solar’s Estimated Cell and Module Manufacturing Labor Intensity 
was Roughly 50% Lower than Canadian Solar’s in 2018/19 (0.9 
FTE/MW vs. 1.8 FTE/MW)

Image Credit: Solar Power World
A Few Thin Film 

Highlights

c-Si CdTe CIGS

US Utility Scale Fleet as of 2019, 
Including ~30% Thin Film Capacity

25 GWAC
Total

(Data from the 2019 Utility Scale Solar Report from 
Lawrence Berkeley National Lab)
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The Potential for Cost Advantages

-4% 0% +7.5%+4%
CdTe Fielded Energy Yield 

Compared to Silicon

Image Credit: First Solar

Figure Credit: Reese and Haegel et al. 2018, Nature Energy, 3, 1002–1012

Recent Spot Prices 
(Before Tariffs)
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Global Thin Film Market Update

≈ 10 GW/yr
Supply Chain

≈ 150 GW/yr Supply Chain

Continuous Technology Advances are Needed in 
Order for Thin Films to Maintain Competitiveness
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Overview

 Introduction to Commercial Thin Films

 Current Research Topics in Cadmium Telluride

 Current Focus Areas in Copper Indium Gallium Selenide

 Summary of High Level Goals for Commercial Thin Films
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CdTe Performance Targets

Absorber Contacts

Current Status

Cu Doping GrV Doping
1014 cm-3 1016 cm-3

1 µs 10 ns 

24% Efficiency Goals

Low Doping High Doping
1015 cm-3 1016 cm-3

3 µs 50 ns 

Figure Credit: Kanevce et al. 2017, J Appl Phys, 121, 214506

Front SRV Rear SRV
102 cm/s 105 cm/s

Current Status

24% Efficiency Goals

Front SRV Rear SRV
102 cm/s 102 cm/s
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CdTe Research Areas
Copper-Doped CdSeTe Group V-Doped CdSeTeFront Barrier and TCO

Front Interface and Junction

Rear Contact and Interface

Rear Metallization 
and Barrier

Front Barrier and TCO

Front Interface and Junction

Rear Contact and Interface

Rear Metallization 
and Barrier

Bulk Loss 
Mechanisms

Bulk Loss 
Mechanisms

CdTe Layer Formation 
and Post-Treatments

CdTe Layer Formation 
and Post-Treatments
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CdTe Research Areas
Copper-Doped CdSeTe Group V-Doped CdSeTeFront Barrier and TCO

Front Interface and Junction

Rear Contact and Interface

Rear Metallization 
and Barrier

Bulk Loss 
Mechanisms

Front Barrier and TCO

Front Interface and Junction

Rear Contact and Interface

Rear Metallization 
and Barrier

Bulk Loss 
Mechanisms

CdTe Layer Formation 
and Post-Treatments

CdTe Layer Formation 
and Post-Treatments
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Approximate CdTe Historic Federal Funding Levels
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$7.9M/yr Maximum in 2014-2015

Currently Holding at 
Roughly $5.5M/yr

 Annual Funding Estimates are Approximate, and can vary Significantly based on how Projects are Sorted.

Funding rates were annualized by dividing overall federal funding 
by project duration. Does not include BAPVC or PVMC funding.
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Overview

 Introduction to Commercial Thin Films

 Current Research Topics in Cadmium Telluride

 Current Focus Areas in Copper Indium Gallium Selenide

 Summary of High Level Goals for Commercial Thin Films
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CIGS Research Overview
Figure Credit: NREL Strategic Energy Analysis Center, Draft Analysis

Front Interface and Junction

Front Barrier and TCO

Bulk Loss Mechanisms

CIGS Layer Deposition 
and Post-Treatments

Rear Contact and Interface

Rear Metallization and Barrier
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CIGS Research Overview

CIGS Layer Deposition 
and Post-Treatments

Cu(In,Ga)Se2 module technologies face 
significant challenges in high quality, 

large area absorber fabrication.

Bulk Loss Mechanisms

Figure Credit: NREL Strategic Energy Analysis Center, Draft Analysis (Preliminary)
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Approximate CIGS Historic Federal Funding Levels

$7.6M/yr Maximum in 2014

Currently at 
Roughly $2M/yr

 Annual Funding Estimates are Approximate, and can vary Significantly based on how Projects are Sorted.
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Funding rates were annualized by dividing overall federal funding 
by project duration. Does not include BAPVC or PVMC funding.
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Overview

 Introduction to Commercial Thin Films

 Current Research Topics in Cadmium Telluride

 Current Focus Areas in Copper Indium Gallium Selenide

 Summary of High Level Goals for Commercial Thin Films
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Summary of High Level Goals
Cadmium Telluride (CdTe) Copper Indium Gallium Selenide (CIGS)

 Increase cell efficiency without increasing 
manufacturing cost or reducing service lifetime.

 Identify new materials and architectures that 
will continue to expand the roadmap for future 
technology improvements.

 Develop and improve manufacturing methods
that undercut the $/WDC costs of industry-
leading cell and module technologies.

 Identify use cases that value flexibility, light 
weight, or substrate fabrication architectures.

Image Credit: First Solar Image Credit: Solar Frontier
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Questions? 
THANK YOU!

…QUESTIONS?
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Highlights for SETO2 8974 (CSU, Sites)
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Highlights for Lab Call19-21 34353 (NREL, Metzger)
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Highlights for PVRD2 8161 (CSU, Barth)
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Highlights for PVRD 7551 (CSM, Rockett)
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Brion Bob, Technology Manager
Brion.Bob@ee.doe.gov

Thank You!

mailto:email@ee.doe.gov
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