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20054F DLMAR 3B B /L D 23655 T, A339. 0% 2 #Ek L, £XMITI-VIbEW3EE &
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EFELVSVOESR VO EEL, MT7ICRTEIIC, CIMIE AL D36.9% 05,
C2MJIt v D37.7% ., C3MItE /L D38.7% ., HITDCAMIE L D39.8% ~LTFEI N TN D,
EHB IS VO MEEEFMRBR LITOA TS, R1ix, EXHIEASELOE
M MARBRER 277, M8k, B REMRARICEDCINOCTOELEIEELILD
HEHFMERT, 180°C, 200°C, 225°C, 250°CTOHOEEMEREBNITHOLAL, TFhoDT—
RAOTL=ZoRTAY b EXBEELILORREBEREINCCTOEGNEEIAL TS,
EXBIEESEILE . BWIZEBEEN DI ENRTRENTVND A%, TV 2 — L3 F40%,
W3 A R0.15 R /kWh, 20154E % TIZ, 43%. 0.07 R/L/kWhZ HEE L L TW5, 104ELL
WIZ, BAZE0%EERLT-WEDETH D,

#1 HEHRMILEAELOEBEMEFMABRER
Test Test Conditions Results
LIv 25 “c, unger 50 W/cm? of  |Effmp = 39.6%
ASTM G173-03(2008)
Temperature |10, 25, 60, 85 and 110C Characterization
and intensity at 50, 75, 100 and 125
W/cm2
Thermal cycle |1,500 cycles from -40C to [NPmp = 1.00
+110C with 10 min dwells
85C/85% RH NPmp=0.990
Damp heat NPmp=0.993
Humidity 500 thermal cycle NPmp =0.993
Freeze preconditioning, 20 cycles
IEC 62108
High 180, 200, 225 and 250 C |NPmp = 1.00
temperature in N2
soak
Accelerated 1,000 hrs @ 160°C in air |[NPmp=0.990
Operating Life with dark forward current
of ), 1TA&4A
JEDEC CDM 1,000 & Class IV (Pass
2,000V 2,000 V)
ESD
JEDEC HBM 4,000 & Class 3A (Pass
8,000V 4,000 V)
Outdoor test > 10t::w on sun for 6 No Failures
ALt Observed
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(1)R. Mertens (IMEC) {Z. “Crystalline Silicon for PV Application, Status, Challenges
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(2)C. Balif® (EPFL) 1%, “HighEfficiency Silicon Hetero—junction Cells: frombasics
to pilot lines” L T, ~7 B MmSIKBEMICEAL T, YL —F ViR ZIT -
7o 15IZRTEIIC, ~TuELEKRKEEMIE, a-SilckdsERZ Ny X— 3
HRALIZE L 72200CRREDKIR Y vk X, BHMigE - B 7 e 20/REEHET 5, L
L. ZPEEEOHITE L D23, 7% 2% L T, RRSIF21.2%., EPFLIZ21% T, ¥ v 7 T
HD, FA Y DOROTHERAU L $:[FIBIFE 21T > TV A, K 1 6 (2739 X 912, a-SAEIZ 1%, PECVD
2 L LT, VHF (40.68MHz) DKAI-M-PECVD#E & & 13MHz 0> 0CTOPUS — PECVD#: & & F v T W
Lo T REGRKEGEMOEHFELLOF —HINIZ, ~TrES, TCOTHL, ~THEAD
AWM NPEE T, RumflalcE L, BEIX YV 7EELESXY Y 7 HEm, R
Yefr L N EM S A2 Mt L7, £, BHETCOL HifiAgEMIT, DCAR Yy T XV, £HiAg
BRIE, A7 U —VHIBNICE D IER LT, BBAMIZT 7 AF v —nllFz3 K (4Qcem, 240
um/E) & HHW,



Heterojunction crystalline solar cells

Excellent passivation with a-Si

Ag
(screen | I
printed) ayer!

Low temperature processing!

compatible with thin wafers
low wafer breakage

Simple structure and simple
process !

n a-SitH
15 ~7 eEAHGES1IKEE

PECVD reactors for HJT cells at PV-LAB Neuchatel
Amorphous silicon deposition

iR OREIE & R

OCTOPUS cluster from Indeotec SA

KAI-M, large-area industrial reactor,
40x50 cm2 VHF (40.68 MHz) R&D reactor, 13x13 cm?2 (13 — 100 MHz)
725 V,. [mV] 714
37.3 Jg. [mA/ecm?] 36.5
77.8 FF [%] 78.2
21 % Efficiency 20.4%

1 6 PECVDIEE L EPFL-C O~ 1 824k 5L S 1 AR 35 M 4 o fit B

RIFZD2emx2emt /LTI, M1 612773 & 51T, VHF-PBCVD T#h%£21% ., 13MHz-PECVD T#h3:20. 4%

n==
NESNTVWD, nBICZD2emx2emt /LTl 21220. 8% (Voc=731mV, Jsc=36. 9mA/cm?, FF=77. 1%) .
==

‘\/f
FIFZD100em> /L Tk, 21%20.5% (Voc=729mV. Jsc=36. 5mA/cm®, FF=77.2%) . pMFZ100cm*
L TIE. #h%E19. 75% (Voc=71TmV, Jsc=37.9mA/cm?, FF=72.7%) 55T\ 5,

ROTH&RAU T, nHICZD2emx2emtz /LTl 2h#21. 9% (Voc=735mV, Jsc=38. 5bmA/cm®, FF=77.8%) .
nHIFZMD15. 6emx15. 6emE /L TlE, 21#20% (Voc=719mV, Jsc=36mA/cm®, FF=77.2%) , n{ICZ>238. bem?

LTI, 7h=19.65% (Voc=722.8mV. Jsc=35.48mA/cm’>, FF=76.7%) . nfCZD596cm* /L Tlx,
2219, 3% (Voc=728mV. Jsc=36mA/cm?, FF=73.8%) . ORI TH 5,

10



4. 3 BEXKEENSEF:

(1) M. Konagai (B TIT.K) I%. ” Thin-Film Photovoltaics: An Overview” &L T.
HEIBEOR  EE  RAR C B D A TR I A AT o 7o. 20104 oD #f dib S 1K RS 7R i A PE 820, 2GWIZ %f
L C., CdTel.4GW, ZZESil. 1GW, CIGS0.4GW T, Y —F—7 1 F 4 7 HIGNDCIGS K E
MWAPED THHLRITEOFHEETH 5H,1976~19904F D2 8% 7> & . 1990~20104E D 10~12% .
2010~20204E D 15% DR\ LOHNICH Y . & 5220504 I\ IT 72 R40% D1 — R~
v TN D, Tablel ~3IZ- T L HIZ, WEKEGEMONEOBLK (M. Green et al.,
Progress in Photovoltaics 19, 565 (2011).) H#MAM I N7z, HEESI KB EM O &R R
fboF—Hfye LT, TC0, EHE. THE. BEEKHNERENH 5, TCOIZ DWW TIX, i
i+ T K TDSN0,, W=7 7 AF ¥ —Sn0,, Zn0, W-7 7 A F ¥ —Zn0D WF FE B 23 HF I &
i,

Table L. Confirmed terrestrial cell and submodule efficiencies measured under the global AM1.5 spectrum (1000 W/m?) at
25°C (IEC 80904-3: 2008, ASTM G-173-03 global).

Classification® Effic.® Area® Voo K FFY  Test Centre® Description
(%) {cm2) V) (mA/cm2) (%) (and date)

Silicon

Si (crystalline) 25.0+0.5 4.00 (da) 0.706 427" 828 Sandia (3/99)° UNSW PERL [13]

Si (multicrystalline) 20.4+0.5 1.002 (ap) 0.664 38.0 80.9 NREL (5/04)® FhG-ISE [14]

Si (thin film transfer) 19.1+0.4 3.983 (ap) 0.650 37.8" 77.6 FhG-ISE (2/11) ISFH (43 pm thick) [4]

Si (thin film submodule) 10.6+0.3 94.0 (ap) 0.492' 29.7' 72.1 FhG-ISE (8/07) CSG Solar (1-2 pm

on glass; 20cells) [15]

-V cells

GaAs (thin film) 28.1+0.8 0.998 (ap) 1.111 29.4" 85.9 NREL (3/11)  Alta Devices [5]

GaAs (multicrystalline) 18.4+05 4.011 (1) 0.994 23.2 79.7 NREL {11/95)° RTI, Ge substrate [16]

InP (crystalline) 22.1+0.7 4.02(t) 0.878 205 85.4 NREL (4/90)° Spire, epitaxial [17]
Thin film chalcogenide

CIGS (cell) 196+06' 0996 (ap) 0.713 348¢ 792 NREL (4/09)  NREL, CIGS on glass [18]

CIGS (submodule) 16.7+ 0.4 16.0 (ap) 0.661' 33.6' 75.1 FhG-ISE (3/00)® U. Uppsala, 4 serial cells [19]

CdTe (cell) 16.7+£05 1.032 (ap) 0.845 26.1 755 NREL (9/01)¥ NREL, mesa on glass [20]
Amorphous/nanocrystalline Si

Si (amorphous) 10.14+03'" 1.036(ap) 0.886 16.75' 67.0 NREL (7/09) Qerlikon Solar Lab,

Neuchatel [21]

Si (nanocrystalline) 10.1+£0.2™ 1.199 (ap) 0.539 24.4 76.6 JQA (12/97) Kaneka (2 um on glass) [22]
Photochemical

Dye-sensitized 10.9+0.3" 1.008(da) 0.736 21.7" 68.0 AIST (1/11)  Sharp [6]

Dye-sensitized (submodule) 9.9+04" 17.11(ap) 0.719' 194* 714 AIST (8/10) Sony, eight parallel cells [23]
Organic

Organic polymer 83+03" 1.031(ap) 0.816 14.46* 702 NREL (11/10) Konarka [24]
Organic (submodule) 35+03" 2084 (ap) 8620 0847 483 NREL (7/09)  Solarmer [25]
Multijunction devices
GalnP/GaAs/Ge 32.0+1.5™ 3.989(t) 2.622 14.37 850 NREL (1/03)  Spectrolab {monolithic)
GaAs/CIS (thin film) 25.8+£1.3™ 4.00(1) - - - NREL (11/89) Kopin/Boeing (four
terminal) [26]
a-Si/nc-Si/nc-Si (thin film) 12.4+0.7° 1.050 (ap) 1.936 8.96 715 NREL (3/11)  United Solar [7]
a-Si/nc-Si (thin film cell) 11.9+ 0.8° 1.227(ap) 1.346 12.92 685 NREL (8/10) Oerlikon Solar Lab,
Neuchatel [27]
a-Si/nc-Si (thin film 11.74 0.4™9 14.23 (ap) 5.462 2.99 71.3 AIST (9/04)  Kaneka (thin film) [28]
submodule)

Organic (two-cell tandem) 83+03" 1.087 (ap) 1.733 8.03 595 FhG-SE (10/10) Heliatek [29]
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Table ll. Confirmed terrestrial module efficiencies measured under the global AM1.5 spectrum (1000W/m?) at a cell temperature of
25°C (IEC 60904-3: 2008, ASTM G-173-03 global).

Classification® Effic.” (%) Area® Vic I (A)  FF? Test Centre Description

{cm2) v (%) (and date)
Si (crystalline) 229+06 778 (da) 5.60 3.97 80.3 Sandia (9/96)° UNSW/Gochermann [32]
Si (large crystalline) 214+06 15780 (ap) 68.6 6.293 78.4 NREL(10/09) SunPower [33]
Si (multicrystalline) 17.8+0.4 14920 (ap) 38.86 9.04' 75.7 ESTI (2/11) Q-Cells (60 serial cells) [8]
Si (thin-film polycrystalline) 8.2+0.2 661(ap) 25.0 0.320 68.0 Sandia(7/02)°*  Pacific Solar

(1-2 um on glass) [34]

GaAs (crystalline) 21.1+0.6 921 (ap) 12.69 1.98' 771 NREL (4/11) Alta Devices [5]
CIGS 157405 9703 (ap) 28.24 7.264% 725 NREL (11/10) Miasole [35]
CIGSS (Cd free) 13.5+0.7 3459 (ap) 31.2 2.18 689 NREL (8/02)® Showa Shell [36]
CdTe 128+ 04 6687 (ap) 94.1 1.27 71.4 NREL (1/11) PrimeStar monolithic [9]
a-Si/a-SiGe/a-SiGe (tandem) 10.4 +0.5" 905 (ap) 4353 3285 66.0 NREL (10/98)° USSC [37]

Table lll. “Notable Exceptions': ""Top ten’’ confirmed cell and module results, not class records measured under the global AM1.5
spectrum (1000 W/m2) at 25°C (IEC 60904-3: 2008, ASTM G-173-03 global).

Classification® Effic.® Area” A8 S Y FF Test Centre Description
(%) {cm?) V) (mAlcm? (%)  (and date)
Cells (silicon)
Si (MCZ crystalline) 24.7+05 40 (da) 0.704 420 83.5 Sandia (7/99)° UNSW PERL, SEH MCZ
substrate [38]
Si (large crystalline) 242+0.7 155.1() 0.721 405° 829 NREL (5/10) Sunpower n-type CZ
substrate [39]
Si (large crystalline) 23.0+06 1004() 0729 396 80.0 AIST (2/09) Sanyo HIT, ntype

substrate [40]
Si (large multicrystalline) 195+ 04 242.7(t) 0.652 39.0' 76.7 FhG ISE (3/11) Q-Cells, laser
fired contacts 8]

Cells (others)
GalnP/GaAs/GalnAs (tandem) 358415 0.880 (ap) 3.012 13.9 85.3 AIST (9/09) Sharp, monolithic [41]
CIGS (thin film) 20.3+0.6 0.5015 (ap) 0.740 35.4° 77.5 FhG-ISE (6/10) ZSW Stuttgart,
CIGS on glass [42]
CZTSS (thin film) 9.7+03 0.4362 (ap) 0.516 28.6' 65.4  NREL (8/09) IBM solution grown [10]
a-Si/nc-Si/nc-Si (tandem) 12.5+0.79 0.27 (da) 2.010 9.1 68.4  NREL (3/09) United Solar stabilized [43]
Dye-sensitized 11.24+0.3" 0219 (ap) 0.736 21.0 72.2 AIST (3/06)¢ Sharp [44]
Luminescent submodule 7.1+ 0.2" 25(ap) 1.008 8.84° 795 ESTI (9/08) ECN Petten, GaAs cells [45]

a~SITRNHEL0%., 2¥AEX T ATREEMDNEIL2% DR T, KiE. M1 73T X1
UniSolarB 3G X 7T A CTHIMI I H16.3% ER L TWVWDHEDOETHD, =“HFEEHKIL, K
KRHE T, lem*B /LT, FIHIZER13. 5%, BEMMNFI12.2% ., KEFEE/L T, #MIHLE12%,
LEARHFI0.T%, ZFEL TWVWDH, BT, TV 2= VOLEMDFISWPLL L, CVD= R
MEH, a-SiDNHILMEl, 2 ETh D, CIGSH D EmhEAL O F —HfifiL, TCo, Ny 7 7
— . EE, T AW, R TH D, ISWA, NHEEE L TER20.3%, Y —TF—7
o7 4 7%, 30emx30cmY T E Y 2 — L TEHIRIT.2% ORI T, 150WE Y = — L (Bh=R
12.2%) #HMLTWDE, SHBOEDRIEOTZDICIE, VA FXy v 7HEToOmBFRL
MULETHD, 7V T LA, CZTSUREDHARBEOBERN THLH, 71X Tk
LTI, 75. Tem* TEIR15. 9% DRI TH 5, CZTSE ML, B LEEHEDO NS A 4 =
TIZH, IBMIZ9. 6% &2 EH L TV 5, CIGSKROFMIT, FMEHmRA, KEHEY 22—
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OFRE L, R TH D, CdTek /L TlL, First Solar®O/NAIEE VB RIT. 3%, T2 2 —
VNI T%, EY 22— L3 X §0.75/WOARPL T, 201 14F O A pE 513 2. 3GW, 20144 £ T
W2, EYa2a— A a A M&$0.5/WE TIZEBMT 2 TETH D, CdTeROFREIL., M B &R
B, REMEEY 2—LoBhFEmE RETHDHL, AERARBEMOBRICE L THL@®EN
boleh, 4. 5ITiED, o, NEDODO A KIGEMAI B ORI b HE SN, ¥
— 7y MERhE3I0% T, BB L IRMEE LD FE TH S, CIGSOENREE T, £1520.3%
DR TH %,

Tripel-junction with a-SiGe:H as middle cell

16.3 % initial efficiency recently demonstrated !

10
J/ ’ s 4 2B.6 mAfcm?
0 0.8
0.7
21 V2242V
] FF-0.771 0 |
3 4 1,9 43mA/cm? o5
E Eff=16.3% 943
: 04
61 ez | /944 9.73
5] 0.2
0.1
-10 00 L\, et Y
0.5 00 0.5 Lo L5 20 13 300 500 700 900 1100
Voltage (V) Wavelength (nm)
UNFS@LAR.

J. Yang et al., to be publ in APL 2011

1 7 VUniSolarlc X% 3#EAEIESIZ 7 LAt /LOT-VERE & 45 6 % B 4

(2) J. Meier (Oerlikon Solar-Lab) i%. “Perspective of Thin-Film Silicon

Photovoltaics - from Lab Cells towards Large—-Scale Solar Modules” ¢REL T L —
T U AT o 72, Oerlikonfh O EEFH A D% . 2 £ TOHEBR, BT RBS ®E i,
HESiE X, BERME, EMEEE, REBRENEEOREZAL, IRI0%NEY 2
— T, 0.0582— 1 /WOMKEY 2a— L3R b, EUAFO/RIRIAE =g Ny 7 XA N
MR T X 5, VHFIENeuchatelKRDEE T, KA Op-CVDL Y | A1 A HER D FH
FITHD, T v 7L TIL, Asahi U XV, LPCVD ZnOS & -3 Rk EITEN
TW5, A 27 aELT 4+ %255 (a=Si/pce-S) ild. 19944E DWCPEC-1T. Meier N4
L 72 RRDAKAT-M 2 5 A [ LPCVD-ZnOD TCOZ VN T JElT . a-Sik /L T, ZE(L%h310. 09% .
a-Si/pc-Si¥r7AhENLT, HFEILI%DEEKR LI EEZHREL TS, 4RIL,

1.7eV/1.1eVDa-Si:H/ p c-S:HZ ' F AEBNLIZOWTHE I N, EIT. L, AL—F
v k. yield, = 2 MiZ®H D, ORGDMAKAI-MY 2T A DFbIc X v . HIFESiHERE O E %
x> 72, @LPCVD-ZnODTCOD light trappingll LV . BEAROLEIZ DA N DHa-Si
BEOKBEZ I N7, OFMKHEE LT, F—7 L7z uc-SioxHREEZEANLZ, @
7 7 AF ¥ —LPCVD-Zn0% FH B L REETCOIZ A7, ®Corningk #E T, HLWTFT 7 R
FyY—HT7AEREZRE L, BREXHET, 77 2F v —HEBIZTEI D, WEDHENLE
ER., a-SiH/uc-SHZ »F Akv/LD/NEFE/L (1.04cn®) T, FIEZIER13. 9%, ZEL
NEI2.24% BN ELN T WD, KAI-12000 1. 4m’PECVDEEE 2 VT, 1.4n*Da-Si, ¥ > 75
LAEILDORDEY 2 — /LT, K%, 9.7%, 12.2% (BEMHEHKI3.1%) OLEMDELEZHET
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W5, X1 81, 1. 4em*Da-Si:H/ pc-S:HX VT LB NLVEY 22— VDOI-VEEZ7RT,12.2%
IX165WE Y 2 — LIZHYS L, 17TAWE Y 2 — L2 EB T 52012, 9FI13. 1% % HET+, K
1 91%, 1l.4em®®a-Si:H/ pc-SHE U FLAEBLET 2a— () LaSiELEY 22— ()
AT, ZAET, [, T5OMVOAEEICEMRL TWD, 4%, TV a— /L3R 0.5
—n /W, TV a2 — Uflifl1.382— o /WOEBIZEBRL TITEZW0nERAE,

14
12 P e o T T — - - -
1 e ———— o e o e o e e Sy el e - -
z
R e e —
=
2 0.6 1 EUPVSEC 2010 [EUPVSEC 2011 i
G | [Power ini (Wp) 163.0 175.0
0.4 - [Vocicell mV) 1360 1385
7T [Jsc (mAicm2) 12.7 13.3 N
FF (%) 70.9 71.3
0.2 7y (%) 12.2 13.1 7
0 Bottom cell 1580 nm 1400 nm
0 50 100 150 200
Voltage (V)

18 l.4cm?*®a-Si:l/pc-S:H¥ > T AEBILEY 2 — LD I-VEMHE

¥

K19 1.4cm®®a-Si:H/ uc-SHX¥ VT AEBALEY 22— () aSitLrEY 22— (F)

HWESI NGB EICB N TH, @R, =22 MIBSREM LI, 71 ~L
T ORGSR E O, e LA ORI & SRARBRR 72 & O BEERHTIE IS A . Bk
RHUEE IS LD &R, AR, RE AR, TCOMER DK = 2 Me, B ED [
ERECHEHTLIREINHAENEETHL EEZDND,
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4. 4 CIGS, IT—VIRILEMEEKRBEMDE :

(1) H. Sugimoto & (Y —F—7 w7 47 ) (. "Challenge to 18% Efficiency
30x30cm?-Sized Cu(InGa)(SeS), Submodules in Solar Frontier "& B L T, 7' L —F U i & 17
S 72, 2011~2012 4E 2% % 13.3%150W, 2013 A2 %h = 14.2%160W, 2014 F2%h% 15%
170W E ¥ =2 — )V OAFEDOFE Th 5, 30cmx30cm 7 E ¥ 2 — /LT, ZFE 17.2% % F B
LTW5, 2 012, 30cmx30cm # 7 E ¥ = — /L (7 8—F ¥ [fHifE 808cm?) @ 1-V Fiik %
R, HEL6% D DHE 1T2% ~EKEN IO TS, EREESIL, TiO#@E) Th
Do TN AMEIERR N, B ER T O ek, KB A RS O uniformity coE (Mo i &
oy — MR, @ 7 U 7 —%—o Cullll b, IEHEEERREOIRE, ZnO BEO v — b
K1) | light trapping (2 X 2 KKK, & TH D, ZnO T 7 A F v —H A XD Fi b
12 X % light trapping 2 H#EIZ L 0 Jsc 23 L.5% M, HrLnw Ay —=>7 (£ Vv v 7 4HE
. L= F—= TOEME) I, @BE. 77 v 7 LA AEENSEI I,
dead J& 100 m L EAKJ S 4L, Jsc i 3% OEEMMAAIRETH 5, BIKERF O HRElb, > 2
o L—Ta ORES, light trapping D ENRTRETH 5., 4% . NEDO K AR & M 6e £ ol
R 7aY=s N EEOME 18%LL EXAREL & LTS, 90x120cm® £ ¥ 2 — /LT, 7
N—=F v U T hFE146%NFEBL TWVDH, I HIZ,CZTS ® 5ecmx5em 7 E Y 2 — /LT,
B T2% 2/{ TV 5D,

40
35
E 30
<
EP Eff: 17.20 %
3\20 L VOC: 693 mV
@ Jsc: 34.6 mA/cm?
& 15 FF:0.716
o
c10 }
g With ARC
S 5 | Aperture area: 808 cm?
o 30x30cm2-sized submodule
0 B i I i il

0 200 400 600 800
Voltage/cell (mV)

2 0 30cmx30cm V7 E Y 2 — /L (7 X—F ¥ & FE 808cm?) D I-V H Pk

(2) A.N. Tiwari & (EMPA) (Z. "Flexible Cu(In,Ga)Se, and CdTe Solar Cells: Current Status
and Future Prospects” & B L T, 'L —F Vi 21T o7z, AE 47 L7z FLISOM & o4k
FRFZEBH % TdH 5, roll-to-roll 2L 5 7 L& 7V RKBEMIT. BB O RN E D,
RGN, KEE2X M, SdHE, CHE., THREXZATL208, G, REMGE®EMEN
VETHL, EAVESI8%, B/ Vv 7P TED 22— RESI5%EZHEL LTS,
EMANFADOF =ML, E7 P —WE, v A7 ol s REHE, 2 N RREL, M
kil Na K—v > 7 S Thsb, KU A I K ET, 2% 18. 7% (Voc=712mV, Jsc=34. 8mA/cm?,
FF=75.7%) . A7 > L A LT %h% 17. 7% (Voc=699mV, Jsc=34. 2mA/cm’ FF=73. 8%) T& 5, 10cmx10cm

15



YT ET 2 — LT, B 14.8% %13 TH Y (FLISOM) . 2h% 16%LL LR FHETH D L LTS, 4
#%oOFEIL, roll-to-roll EEOURE, T/ Vv v I v X —axyvay, HiE, TH
5, £7c, CdTe BV IRIEZAG TSN, AT VA ETEHE 156%, AU ~— ETH)
F13.8%., EY 22— /VE IA% TH D,

ZOSE T, EH - RT3 A MR, R PE & o #0058 B FE R L OK 1
B O, KEETY2—LOohER E0HLOWREEORENRECHL, EHHIC
X, 2SI 2EPDFENR (>26%) . KEBEBMOBBRA D =X LLKEME Y 2 — /b
OIS RBENBEMIAEE THILIEEZLND,

4. 5 FHMH-HEKXBGEM

ARG EMICE LT, C. Brabec (Univ. Erlangen—Nurnberg) ” Printed Solar Cells:
a Next Generation Platform” SHEHL T, VL —F VEEZIT-o 7=, KIBEHRPVHE i &
LT.ABR. BTNy MRS LT05, 7. AKRRGEMOIRIBBI SN,
N7 ~TuaEAs (BJT) OMENAEZ T, PSHTOMIZ, 350 LD @&y R TRHER% UL E
MEBLTWD, HMEN TV AERKRGEMOLRIL, 3%DF—F—Thbd, =21k
T, RO FRTHFEI 1% EEBLTNWD, ARRAKRKGEMODER ENLETHD,
1.65eVDabsorber, i FOfEGZ XL X —DO AN EME FZ X VX —MHENEETH
Do BURoOBE 2 2 ML, 8.5 —n /WRREZA, GWAEREIC LV, WiEa 2 N§1/WLL T2 A
BECTHD, 26 hax—m/NEBETLLTWD, K2R Moo IZiX, BURO FE R
MEbRE, RAEEERE, BRWNAED  KRWGEEHEPIRETCH L, NY THE, TCOEM, Ag
BR, 0L, MBI TORK=ZAMEBRLETH DL, £/, FRkT—~ & LT, AgH/UA
Y EM ., Zn0, TiOx, MoOx, V,0,, Wox , ¥ v arv R—=Vg v Tyl ar"—g 0,
TR, REORALIBEI I NI,

Flo, taFE - ARKEBEMO B T, FE1B% 2B Lot romRl, SEFE
LOBRF DRV ETHY , ASLONIEBEICE2FERNEORENLETHD I ENIERMS
n<Twnas,

4. 6 PVavER—=x2b:

S. Kurtz (NREL) iZ.” The Challenge to Move from “one-size-fits—all” to PV Modules
the Customer Needs” LB L T, KB HEHEZITo7c, PVEY 2 — LT ZIEIZH2 0 | 51
HERBROHEL SN H D, WHHIORIE, 20F RO NN T ERRDLr—ABH Y |
BENHEETH LD, BIRFATIE, HEmiE T LEY, HE— FBEEIE= RV
F—E— NI HE. ®IREMBETOPVE Y 2 — AT, 2 LI Tkoic, KE
MERDHTHAH, K2 1%, 100°C TLOOORE B EIC K S MEMSI KB BME Y 2 — LD
THlFam EEET XA X —KERIEE—F) 27T, PVEYV 2 — 1DV D004k
E— bR I, AV A I NI DA F—aRx T Z = O, T A %@
LToU—2&Eift, KORE, REZIKITDE D,
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Predicted lifetime based on 1000 h @ 100°C

(Arrhenius behavior)

Kurtz, Whitfield, et al, Prog. In PV (2011)

Lifetime for thermal mechanism

1.2

1.4 1

Activation energy (eV)

.6

A module that lasts 30 y in Munich might last 1-3 y in Saudi Arabia
Aging rate can vary by a factor of 10 - 1000 depending...

X2 1

X2 21%.

100°C T 1000 BN EIC D < FESi KB EM T Y = — Lo Tl FH

(EMAfE =R L — KA H T — F)

1000 fi] @ damp heat (7% 5 )

HKBEOET 2 — LOKEBEEDE Y 2 —

VRIS ORI R RS, TV 2 — L ~DKEFHIX, TV a2 —AEEICKET D EE

ANDN, BHETHDL, PVEY 2 — LOEEERRZEL T, HaTH.

R IE 0D [E B

B 72 EE N VLB TH Y . TEA Taskl32 FOEE 2 BT TH 5,

Water in module after damp heat

0.006

0.005

0.004

0.003

0.002

0.001

Water Concentration (g/cm?)

0

2-D Constant Environmental Exposure Kempe, Solar Cells (2008)

15cm -

-
« sauare

- - - - ™

Years at
27°C/71%RH

==-1

© 40em 1000 hrs 2
square 85°C/85% RH 4
L mmeee Loo=—c=aaa =
0 5 10 15

Distance from Edge (cm)

The water concentration after 1000 h of damp heat depends on
module geometry and does NOT match concentration in field

X2 2

10005 ] @ damp heat (K& ZE)

5 O R BE K A7
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4. 7 PVIRTL:

M. Braun (Univ. Stuttgart) I%. Is the Grid Ready to Accept Large Scale PV
Deployment?” LB L T, KM ZIT o7, FAYVIE, REEPVEAOREH THDH, R
A4 D1990~2010F 12T, KRN A266W, A1 H21GW, A R276GW, JR 1 J121GWIZ % L T,
HARRE T 2L X —_ KIEGW, /SA F~ ZA5GW, JE SJ27GW, PVITGW & . PV & & &I,
A DRI ST D, 20114FESH8H D RDOH ZHIZ & 5 &, 13GWDOPVT, PVId,
BEREBEDOIONLU LE2, BMALELEDLLE0%U EOFLSEZRLTCND, REHEIT, B
ELBEHELEH 220610, ZRMOBLEAD- DX, PV AT A Dsmart integration
ﬁ%%f%éoﬁ%m %WWW%%<%%&“%T%5&LTM50WVXTA@th
integration® 7= ¥ (T EEBRILEO a2 MEBIZMZ . ZBEESL T A N—FROE»N L,
(D Ji] 2 5 i) 480 ®$F%l1ﬁﬂ @QvATLEXa2 T Dk, @Y A N TORAEEHE
RES XN —FE REECTHD LT,

»

4. 8 EHRIOITSL, BE:

(1)N.M. Pearsell (Univ. Northumbria) iZ.” Updating the European Strategic Agenda”
LB L T, PearsellL N EZERE L LT 294 CTHERSNTZT —F 7 7 L—7 (Science,
Technology and Applications of the EU PV Technology Platform) 2% & 7= [EUICE
T APVOWMI R OS5 #% O A (SRA:Strategic Research Agenda) @& AR (2011.9)
BT 2MEN D o7, THOBWMARKE. PVICK T 2 55 - ZIE ORI, #F 505 5 0 i
B F e BB OMEME, R EN, SRROWM DO FZIZH D, & 21, Strategic Research
AgendallBZ ENLHPVO EEL — 7 v M DEK & 7R T, NEDOOPV2030+0 — K~ v 7D Z — 77
Yy P EIFIERCBEENRE SN TV D, FEaSiPV, PV, 48 (CPV) TSV T, 2011
~20164, 2016~2025, 2025~20354FE DK RF| . FWIAYBH S (RIEBA ) . T IR %2 B
% (OSHMEE) . REAFFEB % (KR o744V 7 ¢, FBERMERET —~
DELSEEDHLNL TS, R31F, —pHlE LT, MmSIKEEMOMEREDO T4V 7
S FaT, [EHIL. www. eupvplatform. org CAFTE 5,

%% 2 Strategic Research Agendall & TN APVOFE X — 4~ v K DHEL

Table 1. Targets for the development of PV that are used as the basis for the research objectives,
together with current and historical data (see below for summary of assumptions used in the cost

calculations).
: LONG TERM
.
1980 TODAY 2020 2030 POTENTIAL

a 100 kW system
[2011 €/ W, excl. VAT

| Typical eleciriclty >2 0.19 010 | 006 003
generation costs Southem

Euvrope (2011 €/ kWh]

Typical system energy payback >10 0.5-1.5 <0.5 <0.5 0.25
time Southern Europe (years|

Typical turn-key price for >30 25 1.5 1 0.5
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#3 MASIKBGEMOMIERBEDO T T AV T 4

Table 2. Research priorities for silicon materials needed for crystalline silicon photovoltaics — time
horizons for first expected application of research results in (pilof) manufacturing and products.
Targets to be achieved in those time horizons are also shown.

Industry Target: Target: Target:
manufacturing | polysilicon polysilicon polysilicon
aspects i Consumption 5 g/ W Caonsumption <3 g/ W Consumption <2 g/W
Cost 1525 €/kg % Cost 1020 € /kg Cost <10 €/kg
[depending on quality] [depending on quality] [depanding on quality)
 Wafer thickness <150 pm Wiater thicknass <100 pm Wafer thickness <50 pm
Applied / New Si feedstock | New Si feedstock MNew Si feedstock
advanced Improved crystal growth Lowdefect (high electronic | ¥ Lowdefect (high elecironic
fechnology Reusable crucibles with low- quality) silicon waofers quality) silicon wafers
aspects impurity inclusion ¥ Improved wafering Improved watering
Reduced kerf loss in Wialfer equivalents Wiafer equivalents
sawing High-hroughput reactars for MNew encapsulants
% Fracture mechanics of thin Si (epitaxial) deposition Safe processes
waters | Improved encapsulants Si yield >00%
Metal pastes 5”“9d, for Safe processes Kerfless mathods for Sifoll
bwhemperglure firing and Conductive adhesives o produciion with thicknass
highvesisfivity emitters ather solder free solutions <<50 pm
| Avoidance of hazardous for module inferconnection Integration of up and
materials Recycling of kerf down-corvertors in crystal-
% Encapsulants with low total Si yied >75% line Si cells and medules
_ cost of ownership Kerfless methods for Sifoil
New frames ond support or ribbon production with
ing structuras thickness <75 pm
Reduction of glass thickness
Improved racycling
Lowimpact, safe manufoc-
turing
i Development of Curbased
confact systems
Basic research Defact characterisation and Defact contral in silicon Waferequivalent technolo-
and contral in silicon New feedstock technalo- gles
fundamentals | = New feedstock technolo- gies 1 New materials for metal
gies Novel wafaring technolo- confoacts and cell / module
Advanced wafering fech- gles manufacture
nObgiGS dergqu ivalents tachnolo- Material dwelopment for
¥ Waferequivalent technclo- gies up- and down-conversion
gies MNew materials for metal layers
I Reliability and ageing of contacts
Cu-basad contact systems New encapsulants
% New encopsulants Material development for
up and down-conversion
layers

5. 48 -

s s -

AEORET, KELERBICHETIRROZHE L o7z, 2L, BAbRAE{L, M
(EERICEV IS LOMH LB ATV 5D,

BAETLROMASIRIL, AR TOREM AL 4620 L £ < RFELKRE, W
& DHFERFEDIBEOIRA W IS HZER L TEY, SRICFIIHESIZNERTDH
DT D Z LR ESND, Diw. TODICH, MIRMEO —EORILPNEERKRA

3
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FO—=D2DThoEFEZLD, MHmSIKBEEME Y > a3 Tk, KD OB RIE RN
AT, Zhvrk, BE., BBORENALICHER T 2R LK T, —FH., BAEENND
DT 78 < é\?&ﬂftﬁ\%mbéo Fo. RN TREFSBEENEAL TWD, N, b
NENT., MmSiKmBEmAERICEN T, R —7TEo7n, PEHIZEBWE ML, BB, &
ENBWEF TS, 2, qﬂlm%i UNSW, ¥ [E., ECNSCSERIS/) b HifffE A% L Tk
D\bﬁﬁm\%%ﬁk%ﬁmmﬁn%%%km%ﬁ%b LV E D ENMET
D, FERLSIEED —OBEZBEERNTDICH ., bAEICE T 20585 & O 58k & PE
HENLETH DL, DBEIZIE, i:ﬁ%ﬁ%%é?é_%b\ fill = 23 EALL &2 T & 72\ & FE 72 0 5T B
%%%ﬁi:é:ﬁiﬂw)%mfwéo

ZICKRT, BIEROTROR I bRICHND, EFEE LB L, ARSI KBEERIC

LT, Mg, 2 A, FAETHLENTEZLOZHAET IR RDLNLTND,

AE6HMNL, BB KGHFEEICHEHT 2 HROLFEMFEHEBENIEE D, BRKTOEN
BRI EC AT LOEBBEENHRB SN TEY, DREICK T 2EENERGEM -
ME, EHET a2V BLOVRATACHETIMERBOBRILOR WK LA I,

KO HEMFZELFESTHF T ZPETCOAE - ARIINTLIV YV —2ADZIIZENINLD,
PERECFBHEMEICHREN S, BRI LNI DM ERH A D,

W IE D27 EU-PVSECIZ., 20124E9H24H ~28H1IC, RA Y DT T 7 7L ks THETE
Th D, F21E K3 EEEE S (PVSEC-21) 1X, 20114E 11 H28H ~12H 2H , f& [ T, 38th
IEEE PVSCIX. 201246 H3H ~8H., T X* VA A—2AF  CTHIETETH 5,

(ML k)
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