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Project OverviewProject Overview
ObjectivesObjectives: : 
Establish a worldEstablish a world class thin film PV moduleclass thin film PV moduleEstablish a worldEstablish a world--class thin film PV module class thin film PV module 
capabilitycapability
Attract PV manufacturing operations to theAttract PV manufacturing operations to theAttract PV manufacturing operations to the Attract PV manufacturing operations to the 
statestate

Project Project PlanPlan::
Design, build and operate a stateDesign, build and operate a state--ofof--thethe--
art  generic thin film module facilityart  generic thin film module facility
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TASK 3 DFT Modeling 



Why Thin Film?Why Thin Film?
Crystalline Silicon

• Expensive single crystal
or multi-crystalline growth

Thin Films
• Deposited in large area layers by

numerous inexpensive methodsy g
• Wafering kerf loss
• 300 – 400 μm thick
• Individual cells must be

p

• 1 – 5 μm thick
• Monolithic patterning and• Individual cells must be

handled and connected
together

• Monolithic patterning and
interconnection
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• Expensive single crystal
or multi-crystalline growth

Thin Films
• Deposited in large area layers by

numerous inexpensive methodsy g
• Wafering kerf loss
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• 1 – 5 μm thick
• Monolithic patterning and• Individual cells must be

handled and connected
together

• Monolithic patterning and
interconnection

Thin Films have a significant cost advantage, but commercial
thin film modules are 10% efficient vs. 15% for Silicon modules.

☼☼ Gigawatts of Thin Film production capacity are being 
installed… 



Which Thin Film?Which Thin Film?
OrganicOrganic

••LowestLowest potentialpotential manufacturingmanufacturing costcost

•• HighHigh potentialpotential materialsmaterials sustainabilitysustainability

•• MostMost complexcomplex ofof allall PVPV materials/devicesmaterials/devices

•• LongLong termterm stabilitystability needsneeds toto bebe demonstrateddemonstrated

•• LabLab cellcell efficiencyefficiency 55 –– 1010%%yy %%

•• NoNo significantsignificant commercializationcommercialization
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Which Thin Film?Which Thin Film?
Amorphous SiliconAmorphous Silicon

••EasilyEasily manufacturedmanufactured usingusing plasmaplasma enhancedenhanced CVDCVD withwith silanesilane andand
otherother gaseousgaseous fuelsfuels

•• HasHas beenbeen inin commercialcommercial productionproduction sincesince thethe 19801980’s’s

•• MajorMajor instabilityinstability problemproblem hashas slowedslowed progressprogressjj yy pp p gp g

•• TandemTandem structuresstructures helphelp mitigatemitigate stabilitystability

•• CommercialCommercial tandemtandem modulesmodules areare nearingnearing 1010%%

•• LowLow lablab cellcell efficiency(efficiency(1313--1414%%)) limitslimits upsideupside potentialpotential forfor modulesmodules
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Which Thin Film?Which Thin Film?

Cadmium TellurideCadmium Telluride

•• EasilyEasily manufacturedmanufactured usingusing closeclose spacespace sublimationsublimation

•• HasHas beenbeen inin commercialcommercial productionproduction forfor fivefive yearsyears

•• PsychologyPsychology ofof CdCd hashas somewhatsomewhat affectedaffected marketabilitymarketability

•• CommercialCommercial modulesmodules areare nearingnearing 1010 -- 1111%%

•• LabLab cellcell efficiency(efficiency(1616%%)) providesprovides somesome upsideupside potentialpotential forfor modulesmodules
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Which Thin Film?Which Thin Film?

Copper Indium Gallium Copper Indium Gallium DiselenideDiselenide
•• MostMost complexcomplex materialmaterial ofof thethe majormajor thinthin filmsfilms makesmakes manufacturemanufacture

moremore challengingchallenging

•• HasHas beenbeen inin (unsteady)(unsteady) commercialcommercial productionproduction forfor tenten yearsyears

C i lC i l d ld l ii 1111 1212%%•• CommercialCommercial modulesmodules areare nearingnearing 1111 -- 1212%%

•• LabLab cellcell efficiency(efficiency(2020%%)) providesprovides goodgood upsideupside potentialpotential forfor modulesmodules
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Which Thin Film?Which Thin Film?

Copper Indium Gallium Copper Indium Gallium DiselenideDiselenide
(T St t)(T St t)(To Start)(To Start)

Additional Advantage:Additional Advantage:

Most expertise among State University
System Faculty: USF, UF, UCF
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Project OverviewProject OverviewProject OverviewProject Overview

Milestones/ Timeline :Milestones/ Timeline :Milestones/ Timeline :Milestones/ Timeline :
Year 1 Year 1 -- Facility operational, subFacility operational, sub--module module 

i t  di t  dexperiments underwayexperiments underway
Year 2 Year 2 –– Processing equipment operational, Processing equipment operational, 

module level processing underwaymodule level processing underway
Year 3 Year 3 –– Demonstration of effective module Demonstration of effective module 

fabrication and performance, industry fabrication and performance, industry 
participationparticipationp pp p
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Project OverviewProject OverviewProject OverviewProject Overview

Milestones/ Timeline :Milestones/ Timeline :Milestones/ Timeline :Milestones/ Timeline :
Year 1 Year 1 -- Facility operational, subFacility operational, sub--module module 

i t  di t  dexperiments underwayexperiments underway
Facility

Design completed – in final permitting
Hardware being orderedHardware being ordered
Deposition system designed, being ordered
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Solar PV LaboratorySolar PV LaboratorySolar PV LaboratorySolar PV Laboratory
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Solar PV LaboratorySolar PV LaboratorySolar PV LaboratorySolar PV Laboratory
Capabilities

Fully Integrated Module Fabrication
• Glass through encapsulation

G i tt i i t ti d k i• Generic patterning, interconnection and packaging

Physical Vapor Deposition
• Sputtering, Evaporation, Close Space Sublimation

In-Situ DiagnosticsIn Situ Diagnostics
• Glass integrity, composition and thickness monitoring

Stability Testing
14

Stability Testing



Deposition SystemDeposition SystemDeposition SystemDeposition System

•Initial design combines chambers to increase versatility with
limited fundslimited funds

• Substrate is 1 ft2 glass
• Initial technology: single junction CIGS

E l t hi h ffi i t d
15

• Evolve to high efficiency tandem



Project OverviewProject OverviewProject OverviewProject Overview

Milestones/ Timeline :Milestones/ Timeline :Milestones/ Timeline :Milestones/ Timeline :
Year 1 Year 1 -- Facility operational, subFacility operational, sub--module module 

i t  di t  dexperiments underwayexperiments underway
Sub-module Experiments

CIGS experiments underway at USF to help 
guide design of large area systemg g g y
CIGS-related experiments underway at UF and 

UCF to provide additional options and UCF to provide additional options and 
enhancements 1616



Single Junction CIGSSingle Junction CIGSSingle Junction CIGSSingle Junction CIGS

Potential Module Efficiency – 15%

Use and refine known processes.
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Single Junction CIGSSingle Junction CIGSSingle Junction CIGSSingle Junction CIGS
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Single Junction CIGSSingle Junction CIGS
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Tandem JunctionTandem JunctionTandem JunctionTandem Junction

Potential Module Efficiency – 25%
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Tandem JunctionTandem Junction

Spectral Splitting
More effective use of the solar spectrum

Candidate Materials/ Work in Progress

Copper Gallium Diselenide – USF, UF, UCF
Copper Indium Disulfide – UCF, USF
Cadmium Selenide - USF
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ConclusionsConclusionsConclusionsConclusions
• The TF piloting lab is in final permitting
• A versatile deposition system has been designed and is• A versatile deposition system has been designed and is

being ordered
• A processing approach based upon single junction CIGS is

being developed for initial operations
• Ongoing lab-scale experiments at USF,UCF,UF will help

develop additional choices and optionsp p
• Efficiencies up to 25% can be attained with tandem

structures
• Initial discussions with industrial collaborators are being• Initial discussions with industrial collaborators are being

conducted
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