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DOE National Lab module research balances various
materials thru joint industry R&D and long-term research

Customizing organic molecules for
optimal cell eficiency in materials
that can be processed
without expensive
vacuum chambers

Thin Films (CIGS)

Supporting the novel manufacture of
CIG5 cslls from ink-based precursors

Transferring discovary that highest
performance material has nanostruc-
tured patterns into
a fast and unrform
manufacturing
process

Produced thinner films with
same cell performance

Discovered a mare durable
way to make electrical contacts

Dye Sensitized Cells

Advancing the effi menw and stablht!.'
of inexpensive = s
dye-based solar  BE :
cells with novel ESISE
nanostructures 5 &

m Water Silicon

Combining thin amorphous man
and wafer silicon 1o make high
efficiency eells with smaller
total amounts of silicon

Devzloping new ink-jet
printing methods for silicon
glectrical contacts

14% | Concentrator PY

Dewising strategies for making guicker,
gasier, 1255 F]I'EGISB cells but malntainlng
record performance =

Achieving record
stficiencies (33.8%)
aven without concentration

Lilime (S
AR el

Develaping methods of making
thin silicon film salar cells on
inexpensive glass and at low
processing temperatures
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|layer backside contact  absorber layer buffer layer

(mo) (€15}
process step deposition ion beam supported  wet chemical
low temperature deposition
depaosition

©\ thin film solar cells
coppes, indium, selenjum in the compound CulnSe;
of with gallium in the mixed phase Cu{ln,Ga)5e3

Ultra light and super thin
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front side contact
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Rearch: Trails, Errors, Success!
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FROM:Web Site of National Renewable Energy Lab




Ni/Al contacts
Zn:Al + Zn0:i

n-type CdS
p-type
CulnGaSe,

Mo
Glass



FROM: Materials Challenges for Terrestrial Thin—-Film Photovoltaics
Alvin D. Compaan

000 005 090 015 020 025 030
Rositicn {pm)

ClGS

Znd, ITO-25004

CdS-To04

CIGS 1-2.5 um

Glass, Metal Foil,
Plastics




Zn0,ITO- 25004

CdS-700A

CIGS 1-25pm

Glass, Metal Fail,
Plastics
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>3k & . 3-Stage Process
. Highest Eff. by NREL |
> WA 52 AR

| large area, Low cost |
> A0 5 KA AR (CBD)

>7e% (Screen Printing)
| Expected Champion Low Cost |




a: laboratory b:production

Heater

Substrate —»  §

Substrate 7
Motion

Sources

b)

FROM: June 2003 ¢ NREL/SR-520-34314

Tolerance of Three—Stage CIGS Deposition to Variations Imposed by
Roll-to—Roll Processing




The NREL protocol for Nowadays High Efficiency Cells
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Figure 1. Schematic profile of the 3-stage process.
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o PARAMETER

Sample Device Ve (V) I {lmﬂtfumz} Fill factor (%) Efficiency (%) Femarks
S2051A1 | 0-689 3571 TH-12 149-2 New record

2 0-683 3568 T741 149-1

3 0-680 3611 T764 19-1
C106E-2 0678 3522 TH-65 15-8 Previous record

FROM: PROGRESS IN PHOTOVOLTAICS: RESEARCH AND APPLICATIONS

Prog. Photovolt: Res. Appl. 2003; 11:225-230 (DOI: 10.1002/pip. 494)




From:Characterization of

) |(mV)

Vae J.. | Official
(%) | (mA/ |Measure
::mzl ment?
690 [B1.2] 354
Y7 (800 357
14 (791351
690 (812 351 Yes
GO0 [81.1| 35.3 Yes
95 [(B00| 355 Yes
725 (806|336 MNo
716 (804|334 Yes

19. 9%—Efficient CIGS Absorbers




Precursor Deposition
(low substrate temperature)

Selenization/Annealing/Recrystallization |
(high substrate temperature 450-600°C)

) |

Methods Materials Pretreatment Selenization
utte Cu, In, Ga
s .  stacked elemetal Selenization reaction \
i Evaporation | layers, alloys or SelS, H,Sel/S gas ambient
. compounds
l —  with or without
Electrodeposition selenium I I |
, e ———
3 Sprgy pyrolysis . Cu, In, Ga, Se/S by H. annealing SelS, H,Se/S gas ambient |
compounds :
i
- Cu, In, Ga, O Binder elimination Selenization reaction |
Paste coatin » 1 |
i ! 9 compounds H, reduction to metal alloy J Se/S, H,Se/S gas amblent

Small grained, alloyed or stacked layer

q

Glass substrate

with defineshmatpt YRS PHOTOVOLTAICS: RESEARCHPNpCRHaing fdfS layer

Prog. Photovolt: Res. Appl. 2004; 12:93 -111
(DOI: 10.1002/pip. 527)




Glass/Mo Electrodeposition of Tﬁggiﬁm

Sputtering CulnSe, Anneal

Absorber Culn(Se,S);

Interconnects Zn0 Buffer Surface
Encapsulation Sputtering (CBD)CdS Treatment

Window layers

N
The processes are "mastered” for 5x3 c¢cm? and 30x30 cm?



Cu*t + 2e < Cu

E = 0.34 4 0.0295 log (& /acy)

In** + 3 < In

E = —0.34+0.0197log (et /oy,
Ga't + 3e < Ga

E = —0.56 +0.0197 log (3! /ac,)

HSeOF + 4H™ + 4¢™ + OH™ & H;S¢0; EgalH”r
+ 4de”™ & Se 4+ 3H,0

E = 0.74 + 0.0148 log(ashe o5 /0rse ) — 0.0443pH)

FROM:J MATER SCI 41 (2006) 1875 - 1878




Z 4 JC r%_l, Yl 7]2/0\ ( Examp

° %%ii a Potenciostat/Galvanostat EG&G Princeton Ap
lied Research model 263, which was coupled to a PC, 50ml
single compartment cell ;

e IAEWAL: ITO on glass, aluminum, 304 steel;
e RWA: Pt bar;
o R saturated Ag/AgCl (KC1 saturated)

o WMEM&: prepared with ultrapure water (18 MQ)
nd the Reagents were of analytic grade.

o WEJF: 0.6M nitric acid+0.3 M dietilelentria
ine : 3 mM Cu(NO3)2, 3mM In(NO3)3, and b5mM SeO2.



Z 4 v ,_%_l, S AR ( EXamp

e PH{E: adjusted to 8.5, using HNO3 and NaOH ;
e ##AXK,: bubbling argon gas for 5 min;

From:]J Solid State Electrochem (2007) 11:407 - 412
DOI 10. 1007/s10008-006-0162-7
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T EAMENABIBRR ;

RO Pt;

A WA Ag/AgCl (KC1 saturated);
W, M. CuCl2. InCl13. GaCl2. H2Se03;
PH{&: sAF A 1.5, using HCI (volumel0%)
BE: KR ELSTC;

#R A bubbling argon gas for 5 min;

-0. 6%

LI ,\ial‘jﬁi)i}fz%%#: pofeH R WAk (SCE) B &%

—0. 8V, JTARATIE] 60min;




Bath concentration/mM

Composition/{at%

Sample no CuCls InCls GaCla H; 520, Cu In Ga Se Cufiln+Gay  Gafiln+Ga)
a 2.5 S0 65 15 13.65 2385 7.70 54.80 0.43 0.24
b A0 45 65 15 21.92 18.20 7.76 52.12 0.84 0.30
C 5.0 S0 70 10 27.21 2072 Q.77 42,30 0.89 0.32
d 2.5 45 70 10 13.27 17.19 9.60 5925 0.48 0.35

FROM: J MATER SCI 41

(2006) 1875 - 1878




Metallized Substraie
(Glass/Mo)

* Dispersion/Ink

Precursor Coatin ¢

) J

Dirying

Y

Reduction

L 4

Selenization/Sulfidation

v

Glass/MofCIGS

Non-vacoum CIGS Deposition

Screen Printing

Zeta potential/1EP

Mixed Oxide & Solvent Selection

Farticle size/shape

Precursor

Y

Surface area

Mixed Oxide (Nuno-Particles)
Preparation

L

Mixed Oxide Characterization

 J

Mixed Oxide + Dispersant + Solvent

L 2

Mechanical Milling

Rheology/
Viscosity

\ 4

Colloidai Ink of Mixed Oxide

Non-vacuum Process Ink Preparation



From the 3 stage process to Multistep Processes

....... A new conseguence of CIGS « Softhess »

High Cost Direct deposition ., Glass

L] Low cost
— Mo = Precursor deposition




ZnQ, ITO - 2500

Cds-700A

CIGS 1-25pm

Glass, Metal Fail,
Plastics




G5 %7 % (BD (Chemical Bath Depositon)

a@ﬁ:ﬁﬁ%ﬁ%%%%%%%%ﬁ*%%&

o R FIAF]: CdC12. &AMk (SC(NH2)2). triethy
olamine (TEA) . &JK (VAR & 449PHAE )
CdC12 5Bk =Xtk A1 1
o HERAEE: 60~90°C, PH{A: PHMASLE &
~11, ATJRAE AR E LK EZRT G, BFE]A

30m1n

CdS thin films from two different chemical baths —structural and
optical Analysis Journal of Crystal Growth 285 (2005) 41 -48




G5 %7 % (BD (Chemical Bath depositon)

aﬁﬁ:ﬁﬁ%ﬁ%%%%%%%%ﬁ*%%&

o R FIAF]: CdC12. &AMk (SC(NH2)2). triethy
olamine (TEA) . &JK (VAR & 449PHAE )
CdC12 5Bk =Xtk A1 1
o HERAEE: 60~90°C, PH{A: PHMASLE &
~11, ATJRAE AR E LK EZRT G, BFE]A

30m1n

CdS thin films from two different chemical baths —structural and
optical Analysis Journal of Crystal Growth 285 (2005) 41 -48




ss/ible Reasons for CdS Alternatives

(1) Basic Performance.

Higher current from improved blue photon collection
(generally realized), while maintaining equal voltage
(generally not realized).

(2) Conduction-Band Offset Considerations

(a) Better match to CIS, especially when no blue photons
present (current issue). (b) Better match to wide b%nd-gap
CIGS (voltage issue).

FROM: CIS Team Meeting
Alternative Junctions Subteam Report by Jim Sites




« High Conductivity and Transparency

Zn0,ITO- 25004

CdS-700 A
CIGS 1-25pm

Glass, Metal Foil,
Plastics
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® 5| ZnS. InSEFA#HEAXCAS

Buffer Layer Efficiency
CdS 19.5% (2004)
ZnsS(0,0H) 18.6% (2003)
InS(Q,0H) 16.2% (2003)
Cd-PE 15.7% (2003)
Zn0O 15.0% (1999)
Znin,Se, 14.5% (1998)
ZnSe 14.2% (2000)

FROM:1 March 8, 2005 Alternative Junctions Subteam Alternative

Junctions Subteam Report by Jim Sites
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ble I: Device performance parameters of the matched CIGS devices with without T
Cell Voc (V) Jsc (mA) FF (%) Eff (%
3401712 -1 (INa) 0.624 329 74.0 152
34017.32 — 4 (Na-less) 0.494 336 64 .3 10.7

FI'OHI: Study of the Electronic Properties of Matched Na—containing and

Na—free CIGS Samples Using Junction Capacitance Methods

Peter T. Erslev’. Adam F. Halverson'. J. David Cohen', and William N. Shafarman’

! Department of Physics. University of Oregon, Eugene, OR 97403 US.A.

> Institute of Energy Conversion, University of Delaware, Newark, DE 19716 US A



High Eff. &9 4.

I:]f()n]: Study of the Electronic Properties of Matched Na-containing and

Na—free CIGS Samples Using Junction Capacitance Methods
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FROM: Advanced Materials Industry No. 4, 2005,
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Standard 5LS glass

= Nd-Yag Laser
<3

: ﬁ scribing
Ry Cu{Ga.n) Se,
7 evaporation

= @AW
\/J’

f

CBO-CAS iy |
= . RF i-Zn0
) = ;

InlAl (Ga)

Mode d’interconnection

/'

Schematic view of a monalithic
integrated C155 solar moduls

stzndard EVA
- low Fe front glass
busbars Cu {Mi}

saribing

Par Courtoisie : Dr. Hans W. Schock (HMI, Berlin)



gxible CIGS Solar Cells
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Manufacturer Capacity in MWp/a Substrate (m x m) Efficiency max./mea
CIS

Johanna Solar, Germany 30 (2008) 0.5:% 1.2 —/9.4% [20]
Wiirth Solar, Germany 14.8 (2007) 0.6% 1.2 < 13%/11.7%
Global Solar, USA 4.2 (2006) metal foil 1 ft wide 10%/8%
Showa Shell, Japan 20 (2007) 0.6 x 1.2 14.29%/11.8%
Honda Soltec Co. Ltd., Japan 27 (2007/2008) 0.8 x 1.3(0.2 x 0.2) 13%/10%
Sulfur Cell, Germany 5 (2007/2008) 0.65 x 1.25 8.2%/~7%
AVANCIS, Germany 20 (from 2008) 0.6 x 1.2 13.1%/12.2%
Solibro GmbH (Q-Cells), Germany 25-30 (2009) 0.6 x 1.2 —
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FROM: Advanced Materials Industry No. 4, 2005,
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Wirth Solar (site web) Shell (web)

50 kWp , 42,5 MWh produits par an
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THANK YOU?




