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C : Copper

| : Indium

G : Gallium

S : Selenium (or Sulfur)
I-11I-VI groups -
CulnS, ~ Cu(In,Ga)s,
CulnSe, ~ Cu(In,Ga)Se,

I II I Iv. VvV VI
S 6 7 8
B | C | N O
13 14 15 16
Al | Si | P | S
29 30 31 32 33 3
Cu/| Zn |\Ga/| Ge | As |\Se
47 48 49 50 51 52
Ag | Cd [\In)| sn | Sb | Te
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®Solliance:®=w » 15%»x & «r1CIGS 4p § 319%-+Cc-Si > e = A 7 1310.49/Wp -

4\

(KWh/KWp) (%)
200 100 Temperature-Coefficient FS-CIS \ This means:
Thin Film CIS Solar Modules ) : ) ® Mono-Si @ Poly-Si @ CIS )
. 180 Line graph: Performanceratio =1 o5 1 Om(Am)mdﬁ(ieumm o Less power reduction in case of
_‘.‘_ or .| . .
- 160 90 . ) ) high module temperatures

PR(%)

Light Light Light — 85 P | 045 (WC) | 0.30 (%) Example: 65 °C module temp.:
£ 140 R P SF-CIS module: -12%
Transparent = 120 — - ¢-Si-module:  -19.2%
electrode loyer = | E amount of power generated (KWhikWp ) ™ > Delta: 7,2%
E-’ 100 70
5]

- - -
Buffer loyer L * * L) i )
e @ e ? e ? c ? B 30 | 65 ) Module temperature ['C]
CIS layer — 0 Temperature -Coefficient c-Si (example) 25 5 65

Electrode ] 60

Coefficient

55
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B 2014 > TRCIGSA i F4GW > & & 8 - X2GW -

B o & F i 4% a4 K (Avancis, wurth solar) » p % (Solar frontier) -
* & (Hanergy * Global solar, Miasole’, )28 % & (Nanosolar)

B x3iSolarbuzzi® G o A B R S (b iR E B 4o > CIGSE B ¥ B
4 5 55242018# ¥ iF F|8GW P H- o

Thin-film Module: Production Forecast by
Technology

12 4

Ha-Sifpc-Si
CIS/CIGS
8 o

B CdTe
0 J

2013 2014 2015 2016 2017 2018
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© 2014 NPD Solarbuzz. All rights
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1974 1980 1988 1995 2000 2007 2010 2013 2016
Bell Lab Boeing Boeing NREL ITRI |
Evaporated CIS Bi-Layer Evaporated CIGS Absorber * Nano Particle
CIS/CdS Process (Cd,Zn)s 3-stage process + CBD Equip. Design
buffer » CIGS Absorber *Solar frontier
_ P s 41 sputter. 20.9%
1984, 1987, 1988 1996 ZERAR Y 25 A
*Solar frontier
ARCO Solar Showa Shell sputter. 22.3%
(Siemens Solar) CBD-Zn(0O,S,0H)x Buffer *EMPA co-evapor. 20.4%
CBD CdS buffer CIGSeS by sulfurization
CIGS by Selenization After selenization

*TSMC : module 15.1%

Matsushita Electric 2001 ZSW co-evapor. 20.3%

has a few original IPs *TSMC : module 15.7%

on nano-particle and Honda
vacuum absorber in 1987- CBD (InS) *Samsong SDI
1997 : module 16.0%
2004 *TSMC
(more than 120 patents) e s
Nanosolar -~ ISET ZSW co-evapor. 21.7%
2 e Electroplating ZSW co-evapor. 22.6%
) s
=EEEEEiEEEEEEEiT-.T-.T..TI.EE";'—_‘—__—__—__——_—__—__—_T-._—__—__—__——_——’——’——T-T‘T-T..le_i";'—__—__—__—__——_—-_—__1.7-._—__—__—__——_——’——ET‘T‘T-.iEEE“_'—_‘:_—__——_—__—-_—__‘_—__—__—__——_——_——’——iT-T-T-TLEEE";'=__—__—__——_—__—.TI.iE“—_EEEEEiiiiiEEEE*
Ly 2 A .

EEIP: mfch Hl e s Sk el @i 2 i e
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(30MW/100MW) » 374 (30MW) » % % (30MW) > % F (30MW)

4

11

O 5 F = Hac2015# 47 £|CIGSH: 225 16.5%#7 % 4% » 2015 87

O 2015# % % wc RCIGS = F ae e 3 20 5 1T 14% > JESGS:uiE o

r i < TSMC's booth at the Intersolar 2015 in Munich
5 : proudly presented a CIGS module with 16.5 percent
W= efficiency. Now the company announced it is set to

. I E exit the solar energy business and to close its manu-
2 facturing facility in Taichung, Taiwan.
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" p ASolar Frontier v B %%

m Solar frontier= = >*2006+# - H % £ & Showa shell(1978# 4= 3 » PVF= %)

B 2007 & B4 ¥4 £ CIGS PV » 2014 #  90% A _F p # 3> 2016
£ 15500 F4E e s B o P ow A 2TRATR R RS @ % #2,000F & CIS
B> B3 R EF3GW

BB R 5 v R E A A QOOMW( 2ok 8 <) » & B 150MW

B B 4EH2Sers v > H2SEr i B fepr > @ * 33 AL 4r o

B Solar Frontier lgr_20154E 7 % 0.5cmX0.5cm- | & ¢ e F 22.3%+E K k4o P

R A 1‘1 w T35 o 13.8% 0 & iF Hi i dE 3k % 14.6% - Solar Frontier ¢

PEF 2 5T = AT R IAT H\: 37 US0.4/W » & 4237 % US0.3/W o
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B i & B(Hanergy)= = 1994# » ¥£55e 42k 4 B3 > h 4 37 > B
o R 1ATELE A o
W 2012# 4= JcfSolibro ~ Miasole ~ Global solar % & " « Fx o

SOLIBrO |£Hanergy Gls.gﬁilﬁ ‘@Hanergy e MiaSolé. @ Hanergy

T AAEUEQ@EE A L AEUEO di A Bas AL @ 7 dhak R AF
Cell 3% 1 21% Cell 3% 1 17.7% Cell 3z % T NLA

Module #»z % : 16.2% Module »c % : ~14.7% Module »x % : ~17%

A4l s 145MW(2016) @7870cm?  #ilA i : 100MW(2016)

A A : 50MW(2016)

. :& ! 25 :9 y ‘/& N B)F;_'__-F PR '- > ,
Hanergy's 10 GW of Thin-Film 2014 pA3% 5 18 > 2015+ 4 & Bk 2 b

(per proposal October 2013) 20164/{ f§= J_§] :Ef‘_ fg » 1 T&?E’ = ?7j 52‘)% ﬁﬁ & _ﬁﬁ %i I@T"? ©

B d T RIBIPVIIZ &2 > gk 3CKT -
a-Si/uc- - '

/ si

a-Si/a-
|es SiGe
3N E R H10GW A i Hope v
[F 4L %k : Solarbuzz]

WwWw.auto-online.com.tw
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Natlonal Renewable A Materials Science & Technology
Energy Laboratory

Using co-evaporation method Using co-evaporation method Using co-evaporation method
Cell efficiency : 19.9% Cell efficiency : 22.6% Cell efficiency : 20.4%

(at 0.42cm? on glass) (at 0.5cm? on glass) ( at flexible substrate )

No production planning High efficiency processes transfer No production planning

or scheduling to Wurth solar and Manz. or scheduling

WURTH o, o O manz

A HEARENI RE SRR
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MIASOLE
SOLAR
tsmc SOlal‘ P( FRONTIER A Hanergy

i BETE AR S ]

HANERGY HOLDING GROUP
Using sputtering metal precursor Using sputtering metal precursor
Cell efficiency : N.A. Cell efficiency : 22.3% Solibro, MiaSole, Global solar
Module efficiency : 16.5% (at 0.5cm2 on glass ) Sold to China’s Hanergy
( 645mmX1645mm glass substrate) Module efficiency : Cell efficiency : 17.3%
Average module efficiency : ~13%  30cmX30cm : 17.8% (at 0.5cm? on s.s foil )

Average module efficiency : ~13%  Module efficiency : ~15%
(640mmX1240mm glass substrate) ~(connect with 34 modules to form
Cd free buffer layer : ZnS,(0,0H)  1.68m?s.s. substrate)

o ReEAER B ES £(90.6-0.8 USD/Wp) »
HAR®F3 80 BIRA T -
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: Industrial Technology
. 3 2 Research Institute
International Solar ElectricTechnology

&J [ SEL ¢ynanosolar .- ITRI

*Ink material: Cu, In, Ga oxide **Ink material: Cu, In, Ga binary selenide  ***Ink material: Cu, In, Ga oxide

nano-particles nano-particles
Cell efficiency : 14.3% Cell efficiency : 17.1% o

(at 0.098cm? on glass ) (at 0.47cm?2 on Al foil ) Cell efficiency : 14.5%
16cmX16cm : 12% (at 0.141cm2 on metal foil )

On flexible substrate: Sub-module efficiency: 11.34% 10cmX20cm : 13.98%
Molybdenum Foil 13.0% (218.9 cm?~15cmX15cm) , _

PI Foil (Upilex) 10.4% **Using Cd-free materials as the
Stainless Steel Foil 9.6% buffer layer

— InS/CIGS : 13%
— ZnS/CIGS : 14.5%

> R E R R A2 CIGSRL 78 " ISET(¥ 1 47 )2 Nanosolar(# it 47) 5 1 > & * CdS4 rk -
> R F R RO 7 e AN 2 RS R - T 214.5%(90.140m?) -

ALZURLE P 2L ARG B LEIHES 20.4USD/Wp LT 2 o

7 %R kwww.isetinc.com/pdfitech_white_paper4.pdf
**www.nanosolar.com/sites/default/files/NanosolarCellwWhitePaper.pdf
***Teodor K. Todorov, Oki Gunawan, Tayfun Gokmen, David B. Mitzi. Progress in Photovoltaics, in press
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7 4 ?f‘; Sy o wa loasizns| znoiazol|(agzte | 4% 5
W | G || B /Ekﬁvi‘@l S T P ICBD%‘l REGAE || gl | CIGSA 2
| I f ' i i
RORB&ER & Vh# g AOA - ,
)y | 2 L X .}\‘ X ¥ =y . \NP_H‘P+ I-V&»
EHAHRM I R2R" % |R2Ri 4% | vi"f @i'@lﬁi ;ﬁlﬁi Ii.;b‘@lfg_ £ R
CEF 7 SN L | |
4 %z [ e | ozz) | cics dS/ZnS ZnO/AZO Agﬂ_‘fﬁ \lf P
wt | Lo | puw ! Rt | RelE BDﬁfz Rase | ;,wg,f  .CIGS =
| |\
i , -
\ RZRfﬁL'f'}_@f ®m Maintenance
\ﬁ:é:"i . l - O Utilities, Rent
2 e .2 - O Material
O 7 R ArrtE ZRARIZ LB A3tk 2 < o
apita
i/l A2/& VE %3 5
N @ Labor
2
OxF RABRAT HALRT HF - :
RS AR
%)IJ‘ ‘i ﬁﬁﬁi? ; CIS hi Cls/foil |
Caplpolor cap,hioglh :::t

Material glass

reference : NREL
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AR coating

1-3 um

Front contact

100 nm

Intrinsic layer

0.1-1.5 ym

Buffer layer

50-100 nm

[1///

Absorption layer

Back contact

Substrate

30-100 nm

T 13um

0.5-1.5 ym

1-3 mm

Cell structure
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Ni/AL AL Cr/AlL ... Fin®* £H T

MgF,, Si0,/TiO,, ... Fuk &%
AZO,GZ0,BZ0, .- ym & T K (1 1)
Zn0, ZnMgO, ... }3& ﬁﬁ_% n }% )

CdS, CdZns, Zn3(0,0H), InS, .

Cu(InGa)Se,, CulnSe,, Culns$,,
Cu(InGa)s,, ...

Mo

ko k (pk)
TR
-3 3

Glass, 88, Polymer, ...
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A

CIGS: & ¥ i Mep-typeX il » £ 5 7

EE Moo B kwfr i (>100emt) > B & K
S IOEE SN )u]{é]""ﬂp\ e N
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K=

FI# gp e prdp+ B e k4% 3
285k 0 7 ez 350-1300nm
THTHH LI TR

L

MeEF %
Eaing s BRI BER
®valnotchs # » & Pﬁfﬁz 5

7R

B & &k carrier density>1016 (cm®) - life time~200ns » # & (9
200nm) % Ga/(In+Ga)+t -

Nl LT PR Wi s

150KV X20000  1am _ WD 10

w?* B »x ¥ (~15%) ~ + E,"E,;F'*CIGS u&wfﬁ* 4, F ( 11%) -] fs F.CIGS
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Evaporation temperatures
Cu — 1300°C to 1400 °C
In— 1000°C to 1100 °C
Ga—1150°C to 1250 °C
Se — 300°C to 350 °C

o CuO
0 Inzos Milling m

od

0 Ga,0,

Substrate

Linear Source

Hydrogen

A— reduction

Vv VVY's
.

f SelenizatioE
H

HLk -

CIGS . R — - ’ —
& S5 H A DHRFAE | KA F ¥ 3 e & HpL 4 ® F ﬁﬂhi;%

* wB R # ® i ?

Rz | RELBE | ¢ -3 ® o ®

2k FerRE | 2RSS %-¥ v % %
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— A A i AR A G Peid #1430 (RTP)AG 1 22 H2Se/H2S #1748 o

\

RTP# 2.
O FIRRAG R o BEREA P EEF F 55 A b
EEAKE LS ERCF A F o

H2Se/H2S#: 2 :

it * H2Se/H2S:& 7 /e is o lﬁ;f‘lé:v'q-\\'—' %d ;r: f‘;}a’i«;’,‘nﬁgfujr“g FEIE ,
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M oo e i 3K

B Yo e i

Ik % 25 B B
mEEREMK
dy£d,2d, =T £ T,£T,

i iR

3k % (quartz furnace)

it aa 1Y F

LR A T i
BRIz ¢ do
d,=d,=d;=—=> T,=T,=T,

I FABE S 2 37 m e G

i)
WL E 3 F R RIALE (3
=D CARAERLRRA AF AT @
FEESAIR B PR 1L KB
WAERFRE £ ($30min/pcs) 7&(£H15min/pcs)
H,Seit * £ | % (%0.28M3%pcs) 5 ($0.03M3/pcs)
B4 RN B (BFF~) %(1000F ~ 1177 )
BRI K(EI10T) 3 (+3C)
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Cross section SEM Top view SEM
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¥ Wk WA

1P B 2 471 SCBD LA £ 3

X bR EA Y R CBD | SCBD
SR ERCEN e I £
L8 EA A % % (1/5)
&+ A HE PN B % (1/2)
B ik £ % 4 (1/5)
T o ogie TR 3
Bl A2 F e R A 7 Z
BqE/LE 7 & 2
A5 ) A7 P wE | =(1/2)

60cmX120cm
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A
Sample
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Shallow Chemical Bath Deposition
k Patent US8539907 )
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