
Shedding Light on Shedding Light on 
ThinThin --Film Solar Cell TechnologyFilm Solar Cell Technology

Michael JinMichael Jin
Materials Science & Engineering

University of Texas, Arlington, USA

Arlington Tech Arlington Tech –– Nov 2008Nov 2008



Arlington Tech Arlington Tech –– Nov 2008Nov 2008

Why Solar?Why Solar?

970 trillion kWh/day

50 kWh/day (3000 ft2 in DFW)
= ~ 20 trillion houses

It’s there!!!



LetLet ’’s start with s start with 
Silicon solar panel (module).Silicon solar panel (module).
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Solar system (>kW) Solar module (100W)

1W

0.5 volt



cc--Si solar cellSi solar cell
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Back contact

Front contact

N-type 
(0.5 mmmmm)

P-type 
(300 mmmmm)

Current flow

Cover glass

Adhesive

Anti reflection coating



Crystalline Silicon Solar CellsCrystalline Silicon Solar Cells

1st Generation

Bulk Si based  (>>>> 200 µm thick)

- 90% current market
- 10~15% efficiency
- 25 year warranty (80% power)
- Low light absorption

® thick material needed
- Heavy, rigid, and many cells

are physically connected to
get high power. 

Single c-Si cells (GE)
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Indirect bandgap
(low absorption coefficient)



Texture/buried contactTexture/buried contact
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EdgeEdge --Defined FilmDefined Film --Fed Growth TechniqueFed Growth Technique



GaAs (III-V compound semiconductor) 

- Direct bandgap (high absorption coefficient)
- Multijunction capability

Eg
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Single c-Si solar cells 
powering the world’s 
first satellite (<1 W)
Efficiency: 6-8%      

1958
Vanguard-1 

InGaP/GaAs/Ge
(Spectrolab)

Size:  1.3 m2

Efficiency:  26.8 %
Power:  ~140 Watts

Mars Rovers

Single c-Si solar cells 
Each array 110’x 37’
Efficiency:  ~ 13.5 %
Power:       > 200 kW

2004~
International
Space Station

2000~2012

Space Exploration & Solar PowerSpace Exploration & Solar Power
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2nd Generation

Thin-film based  (< 2 µm thick)

- 7~12% efficiency (commercial
modules)

- 10~20 year warranty
- Strong light absorption

® less material needed than c-Si

a-Si cells/stainless steel (United Solar Ovonic)

ThinThin --Film Solar CellsFilm Solar Cells

Flexible CIGS solar cell (Miasolé)
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· Amorphous Si (a-Si:H)
· Polycrystalline Cu(In,Ga)Se2 

(CIGS)
· Polycrystalline CdTe



· Organic solar cell 
- Dye sensitized solar cells
- Small conducting molecular solar cells
- Conducting polymer solar cells

Dye-sensitized cells

33rdrd GenerationGeneration

& all other exotic, 
future oriented,
high efficiency cells
targetting power
conversion 
efficiency > 50 %   
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Best Research-cell Efficiencies

Commercial
module
efficiency
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Dark horses

Concentrator Solar Cells

Thin Film c-Si Solar Cells

- Motivation: Si shortage and cost
- Deposition vs. thinner wafer

Entech (Keller, TX): Stretched Lens Array 
for Deep Space 1 Mission (1998)

- Concentrator cells employ lenses and 
mirrors to focus the sun’s light onto a 
high-efficiency, crystalline cells. 

- Less use of material
- A tracking system is crucial for 

effective operation. 

Concentrator cells
(Spectrolab, Boeing)
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HighHigh --yield/Lowyield/Low --costcost
‘‘still efficientstill efficient ’’

ThinThin --Film Solar CellsFilm Solar Cells
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Amorphous silicon solar cellsAmorphous silicon solar cells

PECVD

United Solar Ovonic

· Plasma-enhanced chemical vapor deposition 
· Roll-to-roll process has been more successful than

other thin-film solar cell technology.
· Popular among industries due to previous experience
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Polycrystalline Polycrystalline CdTeCdTe solar cellssolar cells

Module 

Close-spaced 
sublimation

Monlithic integration

Arlington Tech Arlington Tech –– Nov 2008Nov 2008



Polycrystalline Chalcopyrite Solar CellsPolycrystalline Chalcopyrite Solar Cells
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Cu(In,Ga)SeCu(In,Ga)Se 2 2 (CIGS)(CIGS)

multi-junction capability

Power conversion efficiency of 
19.9 % achieved by National 
Renewable Energy Laboratory
(NREL) in 2008 – single junction



Material ProcessingMaterial Processing
Evaporation

Selenization

· Best power conv. efficiency
· Simple
· Much more experience
· Potentially fast

Pro

Con

· Very hard to control uniformity
· Toxic hydrogen sulfide/selenide
· Currently slow

Thermal evaporation &
Sputter/selenization
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Fast and Cheap!Fast and Cheap!

Roll-to-roll process

Bonding process

Printing

Vacuum

Nanoparticle solution
(ISET, Unisun, Nanosolar,
Heliovolt/NREL KIER, Ryukoku Univ.)

Chemical solution
(IBM and NASA GRC)

Physical vapor deposition
(Miasole and Daystar)

Physical vapor deposition
(Heliovolt – FASST® process)
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International Solar Electric Technology Inc. (ISET)International Solar Electric Technology Inc. (ISET)

· 3 MW/yr pilot plant (3QT, 2008)
· Target: 50 MW/yr scale
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NanosolarNanosolar

· Major TPP of SAI
· Licensing from ISET & Unisun
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RyukokuRyukoku University (Japan)University (Japan)
(Mechanical ball milling)(Mechanical ball milling)
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IBM T. J. Watson Res. Center IBM T. J. Watson Res. Center (Dr. David Mitzi)(Dr. David Mitzi)

h: 10.1 % 
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NASA Glenn Res. CenterNASA Glenn Res. Center

III

VI

I

P

[{PPh3}2Cu(SMe)2In(SMe)2]

MetalMetal--organic organic 
singlesingle--source precursorsource precursor 1 [{PPh3}2Cu(SEt)2In(SEt)2] 

2 [{AsPh3}2Cu(SEt)2In(SEt)2] 
3 [{SbPh3}2Cu(SEt)2In(SEt)2] 

4 [{PPh3}2Cu(SPri)2In(SPri)2] 

5 [{PPh3}2Cu(SPh)2In(SPh)2] 

6 [{PPh3}2Cu(SePh)2In(SePh)2] 

7 [{P(Bun)3}2Cu(SEt)2In(SEt)2] 

8 [{P(Bun)3}2Cu(S(Prn))2In(SPrn)2] 

9 [{PBu3}2Cu(SePh)2In(SePh)2] 

10 [{PPh3}2Cu(SMe)2In(SMe)2] 

11 [{PPh3}2Ag(SMe)2In(SMe)2] 

12 [{PBu3}2Ag(SEt)2In(SEt)2] 

122 266 

47 276 
45 271 

163 260 

117 280 

53 219 

- 264 

- 239 

* * 

164 242 

141 238 

- 285 
  

SSP
Tm

(°C)
Tdecomp

(°C)

Banger et al. Chem. Mater.2001, 13, 3827
Banger et al. Inorg Chem.2003, 42, 7713

Arlington Tech Arlington Tech –– Nov 2008Nov 2008



AerosolAerosol --Assisted SynthesisAssisted Synthesis
(Chemical Spray (Chemical Spray PyrolysisPyrolysis))

- Solvent 
evaporation 
continues 
at the surface of 
substrate.

- Gas-phase thin-film syn.
- Conformal & dense film 
- Possible decomposition 

of precursor in gas phase

- Poor adhesion 
- Method for 

nano- material 
synthesis

HOT

HOT

Arlington Tech Arlington Tech –– Nov 2008Nov 2008



AM0 (calibrated with 
GaAs single junction cell)

Cell area 
GRC = 0.4 cm2

IEC = 0.45 cm2

M. H.-C. Jin et al., Proc. of the 19th European PVSEC, 1943 (2004)

AACVDAACVD --CuInSCuInS 2 2 Solar CellsSolar Cells
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1.  A. Mere et al ., J. of Phys. and Chem. of Solids 64, 2025 (2003).
2.  O. Kijatkina et al ., Thin Solid Films 431-432, 105 (2003).
3.  A. N. Tiwari et al ., Solar Cells 22, 263 (1987).
4.  P. R. Ram et al ., Solar Cells 14, 123 (1985)
5. J. D. Harris et al ., Mat. Sci. & Engr. B 98, 150 (2003).
6. M. Jin et al ., Proc. of the 19th European PVSEC , 1943 (2004).

Chalcopyrite Solar Cells by AACVDChalcopyrite Solar Cells by AACVD

6CIS/CdS/ZnO/ITO                 412            7.2       0.37  1.00                       
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Solar Market Prospect in USSolar Market Prospect in US
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From DOE-SAI website

$10B industry !!!
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Technology Pathway Partnerships (Technology Pathway Partnerships (TPPTPPss))
$168 million (FY'07-'09) 

FY07
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TPPsTPPs –– 2015 Target Capacity and Cost2015 Target Capacity and Cost
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Component Prototype Component Prototype && PilotPilot --Scale ProductionScale Production
(Photovoltaic Technology Incubator )

FY’07: $25-30M

Electrodeposited CIGS
(2010 potential: 120MW)
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Recipe for Recipe for ThinThin --Film PVFilm PV

· Potentially much less expensive than bulk-Si based technology

· Deposited on various substrate:  glass, plastic, & metal foil
- Low Process temperature (< 500 ºC)
- Roll-to-roll process possible (high throughput)
- Monolithic integration
- Wide range of applications

· Strategy for success
- Minimum efficiency of 10 %
- Minimum substrate size of 0.5 m2

- Production yield > 90 %
- Production volume > 10 MW
- Long term stability and market acceptance 

Low cost



Photovoltaic Materials Laboratory at UTAPhotovoltaic Materials Laboratory at UTA

· Current Members

* CIGS
- Dr. Ki-Hyun Kim (post-doc)
- Alex Alphonse (master)

* Amorphous silicon
- Soo Kim (Ph. D.)

* Organic PV and DNA
- Dr. Jong-Kwan Lee (post-doc)
- Yi Yang (master)
- Clement Lee (master)

* TCO & Nano-materials
- Prof. Dong-Chan Shin (visiting)
- Ameena Fnu (Ph. D.)
- Daniel Wu (master)
- Xin Wang (master)

· Former Members
- Karan Agrawal (Spansion)
- Vidya Kolachure (Weber Aircraft)

· Major Collaborators
- PV branch, NASA Glenn Res. Ctr. 
- Dr. James Grote (AFRL)
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