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* New records just
achieved for IlI-V, CIGS,
OPV, and CZTS

*l1l-V rate of improvement
has been ~ 1%/year OPV

* CIGS has been increasing
at about ~0.3%/year

* OPV is approaching 10%
and improving at about
0.8%/year

* New thin film material
CZTS has achieved 10%

mum robic 2400)
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CIGs
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e e Snem
, 'gﬂm]

United Solar
S e o0 Sowt
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Sharp
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13 7%, TR T | 11
OPV 2000 2005 2010
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Regional Electricity Prices, Insolation, and Payback

Payback Period

Solar Advisor Model with real inputs (i.e., South
facing, 25 degree fixed tilt,4.3 kW DC system size,
Local, state, and federal incentives as of October
2010, and the PV system financed as part of a 30
year home loan)
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Specific energy yield (kWh/kWp) Relative yield advantage
for various locations of CIGS against poly-Si

2000 +7% . Kinshasa Madras
e +6% ucson @ ®

1500 poly-Si +5% Mo Malta
+4% Marseille ®
1000
+3% : Freiburg @
500 +2%  Berline
+1%
0 +0% r | T Y

I
5°C 10°C 15°C 20°C 25°C 30°C

@ temperature : 10°C 11°C 15°C 16°C 19°C 20°C 29°C 25°C
inclination - 36° 32° 34° 33° 30° 29° 14° 0°

Annual average of outdoor temperature

H g L] L] -] o o L] -] L]
latitude 53°N 48°N 43°N 42°N 36°N 32°N 13°N 4°N Exemplary calculation of the energy yield by PYsol [system size:
k 100 kW. CIGS module: SCG 62-HV-L, poly-Si modules: SunTech STP
o & N " & e o ;
& o I Q' il (fs & @ 220-20/Wd, inverter: 10x Fronius IG Plus 120, orientation: South]
& & & L P & &
2 & - &

H\gﬁl: -4 - EL&! CIGS Eq@u&{gﬁ Lp VE I ‘@%F SR (YRR ¢ Nikolaus Meyer |

SNEC PV Power Expo)
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1,40€/W

1,20€/W

1,00€/W

0,80€/W

0,60 €/W

0,40€/W

q\%\' - = flmanz "t fljﬁ‘_‘ CIGS*ﬁHHu e

Cost of Sales for frameless CIS-type PV modules

; ' - Bottom-up calculation
132 I i i I - Site: Berlin
’ i i - Incl. ramp-up costs

oMw 100MW 200MW 300 MW 1250 MW

W1 = CIGS SIS R Bve et ot
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Solar PV - Technologies and End Markets

Residential Commercial Industrial Utility scale
New home development and Office buildings and Large open field Power plant
existing home retrofits "big box” stores installations
0 Crystalline-Si will dominate 0 Crystalline-Si o Crystalline-Si O ¢-Si (High CE)
0 Thin film technologies o Thin film technologies o CdTe
= Limited roof area = Limited roof space (?) 0 Other TF (2) =
= Aesthetics are important = Weight considerations g g
= Cost sensitive = Building integrated (BIPV) i :;
* Mounting technology key * Cost sensitive = Cost sensitive Solar Thermal g
= No tracking = Tracking not practical * Tracking desirable ?o?lpiiitri?fgﬂ -
* Case by case economics * Weather a factor ® Land costs at this scale Y
b
0 Thin film technologies @\ . Sior?ge g
will not likely play in a Q = Traditional &
residential market secondary (73]
U plant
) = $0.12/kWh to
N $0.14/kWh
.PL WLW’ today
<10kWp <20kWp =20kWp <2MWp =2MWp <50MWp =50MWp
f Residential . Commercial ! (Large commercialfindustrial Utility scale \
ﬁ%ﬂ‘: - pd ‘f\ﬁﬂfj:?ﬁﬁb N4 B'E%’ﬁj,?ﬂ*?’ly ]| r}( e[ Je ¥ Deutsche Bank Securities)



Crystalline Silicon

CdTe / Si-Tandem

glass

:F ) i «t— seal

frame seal Walers
= o Fr —
\ e glass II|r
- = =
encapsulant
-
S — hacksheet thin film__,
T T 2
electrical leads / j-box encapeulant
ClIG(s)
tiin film
T — glass
L H_ seal
glass

==

oo electrical leads

glass

-

j-box [ electrical leads

1100 x 1300 mm /
™,

Assumes thin film
module with 2 sheets of
3.2 mm soda lime glass

Density = 2.5 glcc

glass mass, Kg
L
[=]

<~

| 600 x 1200 mm |

T T T T T T T T T T T T T T T T T T T T

0.5 1.0 1.5 2.0 2

Module Area, m2

Typical Glass Densities

2.2 glcc = Fused Silica
2.5glcc - SLG
3.1 glce — Lead Crystal

.5

[Thin glass and glass density can decrease module wc—:-ight]

[ A 20 TR TS R I R B RGO 3 < 2011 NREL

Photovoltaic Module Reliability Workshop)



- 12%

4500 . g

4000 - i 8

= [

g3 3%00r > -8% §

_ o

;E 900 T yuiy =

o2 2500} L 6% =

LR +

%5 2000} . commerd?! 3

£1 150 . ' Rkt

B g i Residential ey

S 1000} L 2% o
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0= o 5 _ _ L 0%
2010 2020 2030 2040 2050

Residential 23 153 581 1244 1794
Commercial 4 32 144 353 585
Utility 8 81 368 910 1498
Off-grid 3 32 154 40 695
Total 37 298 1247 2907 4572

[}%‘Q[: -+ ﬂ Jﬁz‘;TQEE'J%’TﬁQ(E‘ﬁSI_‘M’E : IEA analysis based on survey reports of selected countries)
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compatibility) ~ 28, (Thermal Stability) ~ iﬁ”ﬁ.ri’FlU;?iﬁ@ﬁ?[‘_i@T(Suitable thermal expansion ;
CTE of CIS 11.2~11.4x10° K™ direction at 20°C) ~ {“2# :{%(Chemical inertness) * fL w543
et TT(Sufficient humidity barrier) ~ 17" % (Surface smoothness) ~ Fi £l (Weight) - FT
(Impurity) ﬁfJ’E' PV Ti (8.6x10° K~ D=4.5 g/em® ~ W=118 g/m’) + NiCr-steel
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Thermal Stability A

Y=
Q& =
Monolithic Integration \ I , Higher Efficiency ~ 5=

Surface Smoothness < mmmp lON barrier

\ Flexibility

Enable CIGS growth

|

Dimensional Stability
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Substrate:
Stainless Steel - Glass 2mil 55430

+ Solution deposition 3

+ Roll to roll processin
= . * Film thickness from up to Sum

» High tensile strength

+ High tear strength + Dielectric strength Solution:
+ High temperature capability + lon barrer ) Tunable composition in aliphatic
« Currently used in manufacturing = Enable sodium doping alcahol
+ Electrically conducting + Smoath surface
Film: l
Drying )
l’ Firing
Glass |ayer,
p !
Stainless steel foil # [ stainless steel foil coated with 0.5um glass layer
Stainless Steel
w1 ATO nmn
%) dS ~100 nm
L]
’ CIGS um
58
CIGS ~2, pm
! Avg. Ra =86 4nm
Pt )
0.1% 700 nm
Y
018

o =580 nm

Glass -13um

"'SI.Gtuhl:ruo

8 | 018 | Awg Ra=kbnm

gl <5 substiate
ﬁ?ﬂ‘: S IRANE Y b 0 TR et 5 =V (Rl YR ¢ Systems Approach to High Performance CIGS
Material Set Including Flex Ultra-Moisture Barrier and Hi-Temp MLI Substrate PVMR Workshop)
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Global Solar Energy, Inc. (“GSE") ITo
roll-to-roll ¥ 2 A » it A Zn0
X 24 CIGS o -
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Back side
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Q) FiE=a R

CIGS WU IR DV ] i (back contact)FTRI%f CIGS “NfE v ] (S uRy3e - i
Mo ~ Pt~ Au~ AL~ Ni~ Nb~ V~ Ag Al Cu [ [[V2 Rl B0 [ (L F AR - 7 %
AR CIGS MR Pt Ni~ Au =2 Mo JURL T SAAYIS IS & i | R ITR
IR S CIGS EARFUERE > Pt Au rgf&? CIGS W 2 7 [k fOAE #8555 - e el
o Mo FREEND RUFIUEFRENE > T 75 CIGS IRV Cu -~ In & 4 A1 - Ak L
>~ RS TR E) ) Rt (DFZI L IS O ARIPRERTRL S T R - ()% CIGS
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Methods for Na incorporation into CIGS
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| selenisation of Mo is lowered by the presence of Na-l At high Se partial pressure the formation of

Na trends to make bond with Se preferentially
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.0 Layer Property Value Units Measurement Technigue
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Influence of Thiourea Concentration on Cell Performance
of Device with 10nm-thick ZnS(O,0H) Buffer Layer

ZnS{0,0H) (120nm, TU 0 6M)

SLG
Mo

Current density (n
Relative QE (arb. umil)

[ %)

500 700 900 1100 1300

Wavelength (nm)

The performance of solar cells with 10nm-thick ZnS(0,0H) buffer layer
deposited with 1.2M TU became almost the same as that of the device with
120nm-thick ZnS(0,0H) buffer layer deposited with 0.6M TU.
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T. Minemoto et al. / Thin Solid Films 519 (2011) 7568-7571
CBO with CIGS
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Fig. 1. Schematic diagram of the configuration of co-sputtering of Zn0 and Zn$ targets

for Zn0, _ 5, film deposition.

Deposition condittons

Process param eter Walues

Working pressure 2x10™ , 2% 107 Pa
Zn0 power 3384w

Zn3 power 10~37 w

Target size 2inch

Working distance A0

Deposition temperature

Room temperature

O Maximum efficiency of 11.1% was
obtained at x=0.18, which is 90.5%
that of the CdS/CIGS solar cell
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Fig. 5. Predicted band alignment of CICS and Zn0, _

VBO with ZnO (x=0)
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Fig. 4. Solar cell parameters of 200, _ 5 01GS solir cells as  function of sulfur content £ The parameters for tse CBD-CAS buffer layer are also shown (rangles).
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