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4. Cherry Award2 EEZ LR ERSHEE
Cherry Award ChairCT& 5S. Wenham (UNSW) X Y. William R. Cherry Award® #%f#
(£1) . ZRETOZEE (£2) OWHANRINT,

#1 William R. Cherry Award® #i&

This award is named in honor of William R. Cherry, a founder of the photovoltaic community.
In the 1950's, he was instrumental in establishing solar cells as the ideal power source for space
satellites and for recognizing, advocating, and nurturing the use of photovoltaic systems for
terrestrial applications. The William R. Cherry award was instituted in 1980, shortly after his
death. The purpose of the award is to recognize engineers and scientists who devote a part of
their professional life to the advancement of the technology of photovoltaic energy conversion.
The nominee must have made significant contributions to the science and/or technology of PV
energy conversion, with dissemination by substantial publications and presentations. Professional
society activities, promotional and/or organizational efforts and achievements are not
considerations in the election for the award.

2 ZHFEFTOWilliam Cherry Award® =% E &

Dr. Paul Rappaport 1980 Mr. Peter A. Iles 1991 Dr. Ajeet Rohatgi 2003

Dr. Joseph L. Loferski 1981 Dr. Lawrence L. Kazmerski 1993 Dr. Timothy J. Coutts 2005
Prof. Martin Wolf 1982 Prof. Yoshihiro Hamakawa 1994 Dr. Antonio Luque 2006

Dr. Henry W. Brandhorst 1984 Dr. Allen M. Barnett 1996 Dr. Masafumi Yamaguchi 2008
Mr. Eugene L. Ralph 1985 Dr. Adolf Goetzberger 1997 Dr. Stuart Wenham 2009

Dr. Charles E. Backus 1987 Dr. Richard J. Schwartz 1998 Dr. Richard King 2010

Dr. David E. Carlson 1988 Dr. Christopher R. Wronski 2000 Dr. Jerry Olson 2011

Dr. Martin A. Green 1990 Dr. Richard M. Swanson 2002

Al D= B F 1L, Sarah Kurtz (NREL) T, @mZhEIII-VIE(L &Y L 86 K 5 O£ LR
KIGEMDUFERFE~DOHEBPFMM SN b D TH D,
“Persistence in the Face of Skepticism: Our Response When the World Says
Can’ t Be Done” 7 &t/ STHEEN R I T,

Wele DEBRD — OTE?)EHII VIGAL & ¥ 2 $2 & 0K B 76 L <0 8 DIt L K 5 6 b oD & 2 R AK 2
DEENEB Sz, 19844E(Z, J. Olson (NREL) |2 X Y GalnP/GaAs 2 #28 B/ NIRE I 1,
19904F | 1994412, 4L, 27.3%., 29.5% D mBRINEK S NI, Kb, @HE
fELIZEBRL TW5, £D%, Spectrolab ICE MBI v, 19974F 21, FH M KX E M
ELTEMEESNTWD, 19972, 4, 5EAMIT, N FX ¥ v T1eVOFHM B OEE
PEAZIRZEZ L. InGaAsNDOITI-V-NA R B FH M BB L O KRGEMOMIERN i TE 0, %)
KEWITEE T, BIREMAELPIE L, FAICH, 2011412, A X 74— FRFKI TSan
JoselZ & A Solar JunctionlX. 5.5mmx5.5mm? GalnP/GaAs/GalnAsN 3 £45 &/LD925(%4E
TV SITART L OIS, 20343 5% DR @R Z EK L TWDH NRELOGBEMTH 5,

»

It



GalnAsNOD LeVH B ZE A L7 Z &0, @mAFIZOBR N> TWDH, SHBOEMFEDOTDIT
XLVEB BN LETH D, L oA FEE S RS O BHNIC X D Vocldl b 1ight
trappingZ RICE D@L HHFTE 5, K6 IR dT Koo, LRI E (CPV)
X, BERCTHGIEROFMIZH Y . BARNE0%, TV a2 — /L 3hHE40% DEMILATHE T H

59
Concentration & Temp-optimized 3J cells
HNREL  Remises LENREL  Res
Efficiwacy vi. Concents ation Ratio Effictency vs. Concentranon Ratio
‘Sol June ot HIPSSDaa Sola Fumctwn =T HIPSS Duta = g
Mawch 3. 2012 T e Mach 9 2012
“ . - -
s = -
i X ]
"4 | 26°C - 43.5% at 925x |4 — | 60°C - 41.1% at 900x | |
b ] leoee] | i | i |
1 » Bl B4 1000 100y 1 i i fate 1oao 00D
Avea: 03008 o’ Asea 03058 oo’
Specoum: ASTM G173 Duect Spectruzm: ASTM OL73 Daset
o e
| Enabled by material quality and process improvements I
- Solar Junction CPV-8 - Tolado, Spain - April 17,2012

5 Solar JunctionlZ X % 5 & & 21 %L D InGaP/GaAs/GalnAsN3# & & /L D 5 6 4 P

Growth of PV industry — Technology Trends
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2011 installations were dominated by Cogentrix/Amonix project
SolFocus and Concentrix (Soitec) also at > 1 MW
Concentrix is scaling for 200 MW/y production in San Diego
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Solar JunctionlZ M x . Sharp® DWW Ex T, InGaP/GaAs/InGaAs 3 #2 & B I/L D 30624 T,
43. 5% DMREEmREFEIRL TWDH, HELOIERREO T LIX, FEME L SERIECE
> TW 5, NREL., AIST. JRC, SEMIIZ X % International PV Module Quality Assurance Forum
BT L2 E, BHESETHLHUMFEELE RS> TS, MERIEY AT LAOHBELE L,
EV a2 — VHEREO MERIETA T A VORELLETH D,



CPVIZ, mithrefb, K= X MEOWREMEZ A L, fidhSiids bR s a2 M, HER I
ok bmtErib, CkoERLEY, 2ok, aodEmtERik, K= X Me, E
FaLIZ LD PV EE N DI0% 2 HD oKL, £o2ERCERL X o,

5. HaXERBEOHE

S. Baldwin (DOE) iX. “Renewable Electricity Futures : How Much of Our Power Can
Renewables Supply?” &L T, BSAXIEPFHEH LT o 72, 20114E IR T 5 KEE T
HDHEAMET R LF— (RE) OBFFI12.7% (NA A~ A 1.4%, HE :0.4%., K7 :
7.9%. KB :0.05%., S :2.9%) THY ., 20064ELk, KI5 CKEEEACSP, PV) & &l
INEL B x L AER29%, 3B%THRELTWDS, LML, N A~ A K, #BUT, K
WRARH Y, KEBEBIOERNDIIEHT L, ZNO6DOERD, READLEL T LE
feoEIGEHIRT 5, REEADAREMELZERL D, W, LEHR., RFOF—L0, &
R RE ) & BRE Bl &2 B4 L 72, 20504F £ TIZ80% £ TOm L /LA REE NE A%
A9 5 7= . NRELORegional Energy Deployment Systems (ReEDS) OARXEILEET LE
K OABBDGridView it a A bET v 2 H W, BRIV XLV OKEZ Y v REET VLT
L7720, MBI OV AT AT —ZPRRVIAENTWS, EhfE, 77Uy FOZ
PESPREOE R A B A OGBERELINT. E) bBROa A FRLEFBHER NV T,
20504E D KE DTN EH D HPVOEIGIT5~T% LKW, D7 — AT, JRTF 7%, A5k
10%1ZxF LT, PV7%., CSP13%. A /J40% L E STV D,

A% OB X, Ocomprehensive cost benefit analysis. @power systemreliability,
®development of market mechanism, @accelerating technology development, &% %

LE L,

6. AEEBEDIFEVYI R

T —F UVEHETLIZ, RRBFEBONE Y 7 AEHENT 5,

6.1 EBE., FIMH - THNA X

(1) D.B. Mitzi (IBM) I%. “High-Performance Photovoltaics from Earth-Abundant Thin—Film
Absorbers” EREL T, L —F UiHZITo7=, ™W L-LD PV Hili &2 EHT 57201213, K7 m
A XK (<$0.50/watt) TEghs (O10%) KEEME Y 2 —VEERLETH L, BEEEBRD
v F A KRB CdTe X0 Cu(In, Ga)Se, (CIGS) X, mzh=R T2 A b ORI EM & L CHIES
oy FEPELGW OAEPEL~ULIZH D, LA L, CdTe R0 CIGS X, Efli CEIHEICHIFIND D Te, InX°
Ga THERL SN TW5D, B2 1E., 2R 13% D CIGS BT W AEEFTHITIE, 4 F F o d In 2343
T, 2010 £ In EFEREN 600 2T, TA AT LAHHETO In OFEELEFET D &, FFE 106W
LN D CIGS AFEL S5, Cd X, &R T, fBk. RoNTTHOARITHIR I L5 GEHE &
%, CdTe R CIGS IZfRD D @B EFFCE BB RN a7 A NEFREGEMA B & LT Cu,S,
FeS, (pyrite). SnS < Cu,ZnSn (S, Se), (CZTSSe) 72 KR D, AMFIEIL, CZTSSe IZHH L7 b DT,
Zh3 10% LA LoD CZTSSe KBGREMLIZBUZ [T 7B 0 ML 2 ik 7o, MABHIIZIE, 1988 FEDOF R, H
WOUEINKR) MR, KB e L i, 1996 ED IS (B L¥EEH) NI THh5, IBM
TH, AR D i b (Cu/ (ZntSn)~ 0.9, Zn/Sn~ 1.2) | $EZK35 600nm JE 0> CZTS WL %
FWEhE 8. 4% (Voc=661mV, Jsc=19. 5mA/cm?, FF=65. 8%, Mif&=0. 446cm®) 2535 HIL Tz, T D,



FIRTE e IV ARKDNA T U v RHEERREZBE L, N R¥ Y v Eg filfllo 7=, Se i
ANZERE L, 2010 4E121%. %1% 9.7% (Voc=516mV, Jsc=28.6mA/cm’, FF=65. 4%, [HfE=0.44cm®) 72
BoTz, 2011 FEI2IE, B 7 IRT XL 912, CZTSSe (Eg=1.15eV) & Vv, 4% 10. 1% (Voc=517mV,
Jsc=30. 8mA/cm?, FF=63. 7%, if&=0. 45cm®) 55 TWD, —F, CZTS (Eg=1.04eV) ZHW\TH,
[ U2h3 10.1% (Voc=423mV, Jsc=38. TmA/cm®, FF=61.9%) %5 TUV5, CdS/CIGS /L & D
PEDEN D, FREIE, FF & Voc TH Y | HER L LT, BEHERGIOS RS> CZTSSe 1 D K a7
ENEZLND, VEF v U T HMAIE TIX, CZTSSe @ 3. Ins (Z%f LT, CZTSe TiX 10ns TH 5,
CIGS TIL, Vg (0.03eV) DEWT 7 &7 Z — R NFEIZDN TV A3, CZTSSe Tl Vo, LV B
Cuy, (0. 12eV) DIRWT 7 & 7 X —KIaBHINTND X H THDH, A4 3 AT, #EEI RS0, MoS,/Mo
JEM B CZTSSe (Eg=1.12eV) Z v, 2% 11.1% (Voc=460mV, Jsc=34.5mA/cm’, FF=69. 8%, &
=0.45cm*) DHEOLNTNDHEDHFETHDH, CASIZRDD In,S; R ED Ny 7 7 JEDET b D T\ 5
LDETH D, Voc=b20mV 25453 H AT, 23 12. 5% 1TV &R AT,
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(2) B. Bouzazira b (BEHT.K) 1. ” Analysis of Current Transport Mechanisms in GaAsN
Homo junction Solar Cell Grown by Chemical Beam Epitaxy” tfEL C. ¥HEHEEAZIT-T-, 8
T LD, WEFE 6 A 1 BB sh S THEAURGCREICE T 2 A RKILFEIFZER R ) o
e, SonsmARbEHNE L4, S5H#EARKGEMAFMEI DT 7 m —FIZ O TRz,

EU-Japan Project “NGCPV”

A New Generation of Concentrator Photovoltaic Cells, o New Generlion

Modules and Systems . C PV

Aim of the Project “NGCPV”

...to accelerate the move to very high efficiency and lower cost
Concentrator Photovoltaic (CPV) technologies

{ﬁ%ﬁé’i ..

and BSQ,

M. Yamaguchi (TTI) & Y. Okada (Univ. Tokyo)
A. Luque (UPM) & A.Bett (FhG-ISE)
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Best Research-Cell Efficiencies +<NREL
50
Multijunction Cells (2-terminal, monalithic) ~ Thin-Film Technologies Spectrolab Fraunhofer ISE . Sular
48| ¥ Threequnction (concentrator) ® Cu(in,Ga)Se; phc, 269%) | P, 4546 spony { 'er?m?nm.
¥ Three-junction (non-concentrator) o CdTe ﬂWW- Spire 418x)
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44 Sinale-Junction GaAs # Nano-, micro-, poly-Si Boeing-Spectrolab  Boeing-Spectrolab [metamorphic, | -
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6.2 CIGS. I—VIL&EELILHE
CdTe =0 CIGS ZDLAWEREE T, TENL T 7 A Si B OEHES Si e L &z, K= 2
FOWEBERBERE L TSN TS, ZNEDOMEHT, BZERESCA NNy ZiERET, by L

FNTAN



fHEICFRITE | ZRMEIRTH V205 SRR DD EF v U 7 OF T =213 78> T 2eh
ST NEMHEINTWD LT, fidbif lymThEEN/HRTE D,

(1) B. Dimmler (Manz AG) /%, ”CIGS and CdTe Based Thin-Film PV Modules: An
Industrial Revolutiob” & B L T, 7' L —F U i 217 > 7o, HME K B 7 o H fif & 1%, 2009
D 1, 342MW (42 KBt of B2 6b 3 2 B3R 17%) 225 2011 4E 0> 3, 204MW (14%) & fif
CTHBY, A H%EE O KK o 4 PE T 11DOXSICTFHRIATVD,

6000
——a-5i
5000 7 e caTe
)
E 4000 CIGS
S’
3000 Ty
7
% ./
2 ) e
£
ay 1000
0 T T 1
2013 2014 2015
Year
11 KR & o A FE B O Tl

B Tl NEE /LT, a-Si/uce-Si # > F LD 16.3% (UniSolar) . CdTe ® 17. 3%
(First Solar) . CIGS @ 20.3% (ZSW) Thk %5, 2020 4, 2040 FFiT, a-Si KT, &K%,
18% . 20% ., CdTe T, 18%. 20%. CIGS T, &%, 22%. 24%IZ 57124595 & TFHEL TV
%5, CIGS 7L X7 BN TIL, EMPA 8, AU A IR, A7 —VERET, 1, #h=x
18.7% . 17. 7% % B TW\W5, CIGS KBEMEY 2 —LicoWTIiE, Y—F—7uarT 47
1%, 30cmx30cm DY 7T FY 2 — )L TR 17.8% . Solibro i%. 63cmx119cm O 7 )LH¥ A X T
B 14.6% &= EB L TWDH, K40 CIGS B LU CdTe KIFEMET Y =2 — L ORhE L EFEM
BAFELDT, R3ITTFRT,

3 KtLO CIGS B LU CdTe KIGHEME P = — /L DR & EPEHR
Company Champion Next Stage Production Next Stage
Eff. (%) Eff. (%) Capacity Capacity
(MW) (MW)
CIGS Solar 14.6 15.5 980
Frontier
Avancis 13.4 30 +100
Hyundai 100
Manz 15.1 15.9 30 +120
Solibro 14. 4 16
CdTe First Solar 14. 4 2700
Primestar 12.8 30 +400




BWENREY 2 — LR I1L, 2012 4, 2015 4, 2020 4, 2025 FFi2(%., CIGS R T, +h*
. 13%. 14~15%., 15~16%. 16~17% ., CdTe 2T, TN L., 12.5%. 13%. 13.5%.
14~15% THAH & TFHIL TWD,

Manz ORI BFEI S iz, 1976 b, 2 v Y HIL B RF T, CIGS 5 KB E o i
ZEBR R N HE D B, Wirtz Solar, ZSW Z#% T Manz [ZFE - T\ 5, 150MW O EFERM T, Bl
WDOED 2 — LK 13% 05, 2015 4FED 16% . 2018 4D 16. 7% % HIEL T\ 5, ko
A R R S, 200MW BL EOAPERIAL T, 2012 4 0.74 = — /W6, 2013 4, 2015
L2018 AE X, FHFN, 0.5, 0.435, 0.4 —/WiZL7mWwe LTWs, filiEa = b
0.5 = —nw /W ONGERIL., MEHE 0.25, HERER 0.14, 78 #H 0.03, ZOfth 0.08 = — 12 /W
o TWD, % OEEL LT, AEMBEIEK, EYa2—hFEmE (>15%) | Yield
Mk (098%) . A=A MEEL, V¥ 270 (In) EThHoHrELTWD, IREOREE L
T, OXWIE D Eg fil#, QXM ., @R EHMEAEHEELOEB, @FDmBEOILK, @
IRBROERE., 2EPD D,

6.3 IlII—VEEELEVELELIUVELEKREEN, EDa—ILHFH

i, Z2< ORENR, III-VI— 20N KEEIHEE (CPV) v AT LopEH bz Bt L
TWb, ZOEREHELT, KOARDT o5,
OIII-ViEE L2 H W2 E R KRG EMIZ40% L Eo =2 R L TH Y | mWVIFk,
40%LL EDORNFEEY 2 — L OEBIANAGE T, EFITHEDOR WPV AT L X R TE 5,
QPVIGHNR A XD ETHEHRELTEY, LV KRBV AT AORANELAI N, CPVY
AT LMELTND, @a A M ARMRMABEPVEMT~OBELEZ L LTND Z &,
(1) A. Gombert (Soitec Solar) ” Low—Cost Reliable High-Concentrating Photovoltaics:
A Reality” LT, L —F U #EMEIT>7-, SoiteclT. 20054 (ZFhG-ISEM H A B
747 L C#& L L 7=Concentrx23Rij & T, 20094E(2, Soitec Solard 725, ¥ E1, 3004,
RAY « 7T 470720, 2004 T, FEFETOMV, 20134121, KEH - o7 1 = 22, 4F
PE2SOMWASBE B D3l T i, 7T 0 A, Y U AR —=IVICHLIWE N H D EDETH S, 2011
FEDOCPVH BT, 126MW72723, CPV Consortium(Z K ALiE., 20124F, 20134F, 20144F, 20154F
\Z. FN L4, 515MW, 850MW, 1250MW, 1500MWIZ72 5 & FHIS N TWb, CPVY AT Ak,
2500kWh/m*/yrLh > B 5 &0 R VWil Tk, thoOPVER LV b E = 2 MEBAS ATHE T,
8.5 M/KWhEA FRMIFF CTE D, TRAX XA Ny T XA LIZONTH, MOPVEIFIC
EE_XTHATHY ., 1FELUTOEBNAETH D,

[II-VIEZHEAKBELRZ A NTEEHEEN T AT AICB T HCPVEY 2 — /L2 A MZDOW
T OEYV2—VOHBHTEY TV 4, QFV 22— VO KRE, @MK= X MFEOfEH .
DOFEHEAL o N—2 O, O SE Tk, 728 Xo T, KEZEZIEr>TWND, CPVEY 2
— VAFEO BB LN ER, CPVE Y 2 — L AT LD KRBAENATRE L 72 > TV 5, CX-S410
(8.5kW AT L) b, CX-S420 (16kW AT L&) | CX-S530 (28.1KW 2T &) (2 K7L
DL, T A M CX-S410% 1 (FY 22— /L3 2 h54%  iBE%30.6%. v A7 A%15.4%)
LT H L, CX-S42030.866 (FEYa—/La A [54%, IBREFRI18.3%, VAT LHK14.3%) .
CX-S5301%0.66 (£F¥a2—/ 2 & 33.3%, BRER18.3%., Y AT LFX14.3%) &, K= X
MEPREBRL TWD, FEEICONTIE, ORE2T 4 U 7 ¢ REF CEHESGEH, BRI E



B e xx HFiEdwm) . @QFHLE—F, @M 7T ot 2H#, @mMERR, ©FEFER
BB T A5 IELR, SnBREEh TS, EYVa—L0%5{bE—FE LT, SOGL > X
(Silicone-on—Glass) , #H 1L ENH5H, —fFl& LT,S0GL > XDOUVT A K, 150C T1, 000
Refh] OBV B (1-sunC, 100 FICHY) NEMI L, REELZHER L TND, TV 2
— VDA R B (IEC621085 5k, [EC626885 Bk, MR ixiE kiR ; 125°C, AEmEREK, &iE
i ERER 5 95%RH+95°C) | Bl o8k Y - #h (P RER, BB, HEAKHUMRER, P b FEM S
nNTWs, flz X, HiEEERAR (85°C+80RH) TlE, £V a2 — LD I—VEEDOLHILITIFE &
o7, ISOFOCTMDCPVY 25 A (100m?) D EIEREBRTIZ., 41 o N— X —RBER DL
B, AA VAL v TFOF—N"—b— "B, Ex2lEbolob DD, 4FBITEAESLL
EWIETHD, TV a— ABEL, 2008FKD23~24% 05, K26%IZhFE R LN RS
NTWD, CPVU AT AL, REMEKEGEFEES AT LR E L LT, REHICEREILL D
EHREATE,

(2) HAD (KEVEHKHM) 1X. “Design and Development of 35% Efficient and 1000x

CPV Module with Sufficient Optical Alignment Tolerance” & BEH L T. £ YEH KL%
BIZB T2 AERILRAFZERI 3 O F Tirb i TV 5 KA EE#EH, =R K. UPM, BSQ SolariZ
KD HLFRMFFERFE DO ER R BTz, 20034F (2%, TII-ViE 3 #24G KI5 i 4 v 72400
5 DRE28% DM FEBEPEDCPVE ¥ = — /L ZBIFE L, 20114121, 110065 O 1) 5h 3:28% D
BEL NIV DOCPVE Y 22—V EBRFE L, RKCPVEY 22— LIZiE, F—2®B 7L 1L X
ECWEF LU RAB AL, AR IETRE S O —RkER B EFFEAOIEREIT o TW
%, 820/ DIOKWDOCPVY AT LADFHEMAIL, £0.92° THDH, SEOFBRTIZ, HFEAD
EOLRDHIREZE DS TERHENRE SN, 1 21%., BN FEROENGRE—EIHTR
MBI T 2 A E IR . KIF R ER A O BATH I b K OVARMSERR R DO ¥ — 7 v N &R T,

Achievement by NEDO

1400 - project (2006-2007) > R&D Achievement
1200 Criteria
2
E 1000 -
c
-% 800 | Radius of »
s solar disk
S 600 -~
o ey
5
& S i I~
200 \ | " —
o+ = ‘
0 0.2 04 0.6 0.8 1 12 14
Effective acceptance angle (deg, 90 % output)
s Typical Fresnel Lens === Current Product of Daido Stee| === R&D Minimum Target

12 HFHIEFROEIAR— TR M T 5 MBI BT KR FE2RH O
BATHIN B L OARMZEFHE DO X — 5 > b

A 8], UPMODFKY: %% (LPI Kohler Y. #iilt) & KEFFHIMMDO T Y =2 — v, VAT AH
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itz My, £1.1° U EoFAEMZFEB L, 8725841450 1050mmx1050mm D CPVE ¥ =
— /LT, WE35% ., H385W (112V) ZEH L TW5bH, HEIX, 18kg (0.05kg/W) &t &
Thbd, ¥ LA, 174mmx174mm T, CPVE/LIL, 6mmx6mnTéH 5, BEEENRB S N
TV, YIalb—a VOFFR, ABOKRBIZED, 125058 TH., 21CL LOFE
AOEBENATET, M TOT T4 A FHEERHICTE S,

CPVELBLOEY 2 —VORHEEMRF BRI TS, M1 31X, 1000f55EKCPVE L
DY A 7 VR T TOHMERZRT, 50%DHLREF T, 420004 7 L TH Y | FHAmT70
TS T 5, 400VDOBEDRENMED 2 — L EZEHTHEVIBN A v E—IRR
b,

o

50% of
failurerate

=
&)

In{In{Failure Rate))
1 N.J 1 PI-A [}
w U1 N N =

L
/ Degree of

Mean

thermal cycleto
-3.5 matching failure
4 £ 4 _
1.E+03 1.E+04 1.E+05

Number of cycles

13 100055 MGCPVE L DEY A 7 LEBR T TO LR

6.4 #HRSIKBEGEMDF

(1) E.R. Weber (Fraunhofer ISE) IX. “The Future of Crystalline Silicon Photovoltaic
Technology” LB L T, b —F ViHEZIT o7, B O KGEMAEFEDSS% 1L, FaLSi
Thod, BRFE-HSOEBIZ, KBERENPHERET, 4% b, FEITFHRSITHAI, K
U U a R, BRIt 2N, ik 13 $50/ke T, FEEL000t DR Y U 3 S BGETS
Zr ME, $I00MAKETH D, RNV U arofllEax MERIZIZ, &@#% (MG) -Si
DIEMR D LEIZ | MEIL99.5% L FTh D, 7727 L— FMG (UMG) -SidDHFJERH % %
WO TWND, MEI%MEI2LGHIE L, TAKIGNIZ K 2B, PIKB THEII. 8% LT, X7
AL A RAT A TEH L, ppnA — X — &2 EB L T\ 5, KEMLST o=ty &0
MiEt & 4L, CaliSolar T, 15emx15em /LT, PR H16.6% (A MT.7%) 2/ TN D,
Q-cellsTiX, Ny Zavr 7 heArN RIS, 21R18.2% L DFETH 5, Defect
engineering A EHEThHDH EFE L O,

(2) D. Song® (Yingi Green Energy) IX. ” Progress inn—type Si Solar Cells and Module

for High Efficiency and Low Cost” &L T, HfFilH 21T -7, nBIEROEAHLH 2 T
W5, X1 4120, ITRPVE — R~ » 71T b daS1 K B & 12 5 o 2 il B bk o kg
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Tl Zor . BFZEEEPY TlE. SunPowerZd. 158.9cm2® n-Sid IBCE /L T, %) %24.2%

(Voc=721mV. Jsc=40.46mA/cm®*, FF=82.3%) . UNSW|X. FZ n-Si®22cm?, PERTE /L T. %)
#22.7% (Voc=745mV, Jsc=38.38mA/cm’, FF=80.9%) . FhG-ISETI|%. FZn-Si®M4cm®, PERL
LT, #h%23.9% (Voc=705mV, Jsc=41.18mA/cm®, FF=82.5%) #FEH L T\ 5, ~FT
BAEAMLREOMM TH D, “HEBHIZ HITREGEM T, €Y a2 — /L3520, 6% OIRPL T,
98 u mE D 10cmx10em /L TR 23. 7% (Voc=T745mV, Jsc=38.38mA/cm®, FF=80.9%) % &k
LTW5,

Yingi®Pandaz /L DRSS S 7=, 20104E3 H (2, 300MWV ' 2 ¥ =7 M & BA4A L. 2012
FEI3H BT, FHIEIS. 5% (K m20%) D600MVD XA 0y NEFET A VN TETWD,
NRUCZ-Si% Ml /ebifacial £ /LT, Wi IZ. Ag/ALZ i B/ SO B IR/ K if /% v & —
2 /T 7 AF v —HEE/pt (BILE) J& /g /nt (PYEHO) & /SiNxJE /AgR B BN 672 5,
61 F 7T ND239em2E LT, FEHFHFI8. 5% & FE L, 24ELINIC, FHEF20.2% %
BHffdT tnHETHD, KaAMOAEERHY, X T AT T ARNIANMERINTND,
KL, pAR—=ZATLA%ELNH D DI L, PandadnB B Lix, 1F & A ENHRHIN
720N, PmaxDIREMRIE S . pD-0.45%/Cizxt LT, PandaTlEL, -0.42%/CL RBWv, %
o BKRETOREPRRWEDOETH D, ZHEMSI~OBEMIT, ILHOHL IR ERH Y |
BRTIEH, LW E WO ERER D - T,

$ 60 I I T I T T
e # share of n doped wafer in world
& 50 1 market mono [%] @
§ M share of n doped wafer in world
g 40 TL__market mutti [%)]
(=}
g 30 *
=
s 20 4>
@

.E 10 1.
7]

0 ;—I - = L .

2010 2012 2014 2016 2018 2020

Year
14 ITRPVE — R~ v BT DAEMST KM REIC S 5 TR O k37 H)

(3) C. BalifEPFL” a-Si:H/ u c¢—S Heterojunctions: A Future Mainstream Technology for
High-Efficiency Crystalline Si Solar Cells?” L T, ~T o EASM SN EMIZ
LT, @Az To7c, W1BICARTEIIC, ~T oA KBEEMIT, a-Silc K@
Ny _X— g v ERMLIZE L72200CREOMRE 2 A, Hidigs - i okt X0
B AT 5, Lo, Panasonic®HITE VD #h#23. 7%I2%F L T, RRSIE21. 2%, EPFLIX
21% T, vV v 27 Thbd, FAYDOROTHRAUE LRI EZIToCTWVD, K1 6127 F LD
12, a-SHAYEIZ 1%, PECVDEE(E & L C., VHF (40. 68MHz) DKAI-M-PECVDZ#E & & 13MHz D OCTOPUS
—PECVDEEE Z W T WD, ~T m 45 KIGEMO &R0 F—Hifix, ~7 v #45 TC0
Thod, ~ToBEEOEBOMEMPEZET, REHFH{EITENDL, BT U 7HEELFE
X v V7 F . S HENL & NERFEART . ITO(TCO) DU % 2 it L7z, ik, EETCOL
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W AgEMIL, DCA/Ny X2 XD, KEAgEMIZ, A7V —VHIRBIZEVERK L, T2
AF ¢ —nIFZHAMR (4Qcem, 240 pm/E) | nBCZHEAMR (4Qcem, 100 u m/EZE AW,
nBIFZD2emx2emt /LTl X1 6 (279 K 92, VHF-PBCVDT21221%., 13MHz-PECVD CT%h=20. 4%
DELRTWS, Z0%, wEELD ., nMFZ02emx2emt /L Tld, 20521.86% (Voc=726mV .
Jsc=37.8mA/cm?, FF=79.7%) . nfFZ?d100cm* /L Tld, 2h320.5% (Voc=729mV, Jsc=36.5mA/cm’,
FF=77.2%) . MS5HH TV 5, ROTHWRAUTIE, nfICZD2emx2emtz /L CTld, %h221.9% (Voc=735mV,
Jsc=38. bmA/cm?, FF=77.8%) . nfFZ15. 6cmx15. 6emt /LT, 21520% (Voe=719mV., Jsc=36mA/cm?,
FF=77.2%) . nCZ0>238. 5em®* & /L Tlk, 21519. 656% (Voc=722. 8mV, Jsc=35. 48mA/cm’®, FF=76.7%) .
nBICZD596em* /L Tlx, #1%19.3% (Voc=728mV, Jsc=36mA/cm’, FF=73.8%) . IR TH 5,

Heterojunction crystalline solar cells

A

g ITO s s ; _Si
(o e%\ Excellent passivation with a-Si
printed) / j layer!

pa-SiH Low temperature processing!

compatible with thin wafers

low wafer breakage

Simple structure and simple
- ia-SiH process !

na-SitH
15 ~TF ARSI KB B ORETE & B

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

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

1 6 PECVD#:{&E & EPFL T O~T 1 245 fhS 1 AR 78 HLRF I O fEk 5

6.5 7EILIF7R, T/ /R4 OKRBESIKEGEMNSE -

(1) C. Balif (EPFL) I%. “New Approaches for Very High Efficiency a-Si/u ¢-Si Solar
Cells” LEL T, YL —F UMM AT >/, a=Si/pc=Si KEGEM O RRITOMRN RS
e, WESiX, 7 —, BROZKMEORLTHER T, =y FHGICEL WD, K&E
FEILLD, FYa2— 123X F$0.33~0. 42— /W& T L TW5, VHFiZNeuchatel K ® 2
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ECT REWE Op-CVDE Y A F v HBERL L ARTHL, KT v 7T L T,
Asahi U X 0 | LP-CVD ZnOS &\ F R R W HEITENL TV D, v A 7 BENL T+ X T L (a-Si/
uwe=Si) I%. 19944 OWCPEC-1T. MeierD# L L 7=, Interlayerzo % 7 kb, NUT &L L
T, dopedfBfbIEE B H WL TWD, HEFEH OKFZZEOHIENIC LV . Si0xDEE 3 4 i
N TExb, BHET IV AF v —~&1light trapping~DFhENR B, FRE LT, BF
hEom b, IWEBROEMNER L TWDH, Zn0DFAWI S D L, light trapping’
WEINTWND,

a~SiTHFEI0%, 2EAEX T LA TRENRNFELI2% ORI T, UniSolarB 3HEE X 7T
LATHIMIZHE16.3% (K1 7) ZEKLTWD,

Tripel-junction with a-SiGe:H as middle cell
16.3 % initial efficiency recently demonstrated !

10

2
J ’ 08 28.6 mAfcm?
0 08
07
-2 V2242V
‘E FF=0.771 06
2 1,9 43 mA/cm? % os
E Eff=16.3% 9.43
: 04
5 - o3 | / 244 9.73
o or
01
.10 : . 0o e ¥
0.8 00 ns Lo L5 20 23 300 500 700 900 1100
Voltage (V) Wavelength (nm)
UNrs®LAR.

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

1 7 UniSolariZ X% 3#EAMBESIZ o F LA ILOI-VERME & 45 6 % B 4k

14
LIV S————————— e Tt
1 e - = ——— e = == e = S A
<
= 08t -———mmmmm e me— oo -
=
g 06 + EUPVSEC 2010 |EUPVSEC 2011 |
3 | [Powerini (Wp) 163.0 175.0
0.4 - [Vocicell mv) 1360 1385
T [PscimAicm2) 127 133 7
FF (%) 70.9 713
0.2 T (%) 12.2 13.1 7
0 Bottom cell 1580 nm 1400 nm
0 50 100 150 200

Voltage (V)

18 1l.4em®®a-Si:H/ pc-SIHZ T LB NLEY 2 —/LOI-VEIE

Oerlikon Solar®1.7eV/1.1eV®Da-Si:l/uc-S:H¥ T LB/ OWRM S WG S 7=, OR&D
HKAT-M> 27 A O fi#EIZ L0 | ERESIHERE Ot % 132> - 72, @LPCVD-Zn0D TCOD 1ight
trappinglZ £V, B EDOKEBEIZ D2 N Da-Sifg@EDOIKB EZ Lo, @F MK 5 E
ELT, F—=FLizucSioxtfiEEEAL, @7 7 2AF v —LPCVD-Zn0% £ H B L O\
ATCOIZ W=, ®Cornings R T, HLWT 7 AF ¥ —H T AEREZHBE L, EHX
HET, 77AF v —ERICLY, INWEDEPLHFEZN, aSiH/ pc-SIHF T LA
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NEAEE L (1.04cm?®) T, MIIZE13.9% . BEAZFT1I2.24% »H o5 TWDH, KAI-1200
D 1. 4m’PECVDEEE 2 AWV T, 1. 4m*°Da-Si, # T LB /L DRDEY 2 — /LT, K%, 9.7%.
12.2% (BEMEFE13.1%) OLZEADFEEZHETND, K1 81k, 1.4cm®*Da-Si:H/ uc-S:H
AT ANENLVEY 2—VOI-VEEZRT, 9.7%. 12.2% 1%, & 4. 139.1W, 166.6WE ¥
22— VIZHY L, 1TANEY 2 — L EEBTH72012, FE13. 1% % HIET,

I, EY 2 — L OREDRIE%LL L, VD2 2 MERE, A —7 v b, yield . a-Si
DIHAIH, RETH D,

6.6 AHABZEMLDE

M. Pfeiffer (Heliatek) I%. “Efficient—Organic Vacuum—-Deposited Tandem Solar Cells
and Nodules on Glass and PET” ¢ EHL T, L —F VEEEZIT > 7, Konarkaft N B
L, FExOBBENPNZ AL TWLIHIZG TH D, Heliatekd 20064 ICF S STz, AR
BHIE, Ko+ ) Tv—, RY v — ORI Rk, (B8, KIKHEIC L v
BThHY, oT b7 7 —FRNaHTHDLH, BEEAERMT, WEARAZE, ¥ Av1E
farge (REsibedyy) | REEEETE, 2 2 MO AJREME, e D &ML -,
2T EMEDTEDOMEL O T 7 a —F 3B & iz, Conjygated A-D-A A4 Y =~ —_ DCV6T
(J&% % % v 7Eg=1.55eV, Voc=0. 87V) R°HDR014 (Eg=1. 77eV, Voc=1. 04V) . ZnPc (Eg=1. 46eV.
Voc=0. 6V) & ThdD, WT7AEKEOZNDS Dp-in-HiEIZ L Dlen’Z T LB T,
NHE10. 7% (Voc=1. 71V, Jsc=9.23mA/cm’, FF=67.8%) NfFHN T\ 5, {HESSCH £ TIL,
BEEA LI, RN ERDEOFETH D, PETEOX T Ak IL, 8.5% DRI TH
%, 1 91%. HeliateklZE I 2 A KB OB RN LOEE L HIEEZ /R8T, 20154 F
TIZ, IRIB&%EER LTV EDETH D, 142cm2OH 7 E T 2 — /L TlE, HE7.7%
Thb, EEELRHEINTWVS, 9.5% /L D85C1,000 8 <. H{L5%LLAN. 8.3%
T 85C6,000RF ] FER T, £1{L10% LN TH 5, 30cmiFE O PETHAK E D Roll-to-Roll%k
BHZH ETFooH 5, HEMIZIE, 0.3~2miE., 0.5~25kmEZ BT L0HETH S,
2017 R D BE = A M BAEIX, 40k M/WELT T, s & LT, A, %M ik
AENLTCEREESR, B, BBESHREEZE X TV D,

ARG EmEZ ERMEIFICT 201, BARIB%U B, £Y a2 —2hE12%L B %
EHTh Ao, FBEMEIIRESRPET, BAEIL, HIEHEMITEHS TWLIBLIRTH D,
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6.7 FERAABEOLSIUIRTLNE

C. Taylor (NASAAKER) IX. “NASA Space Technology Program Plans for Advanced Space
Power” L LT, YL —F U ZIT o7, NASAOBIEDPVIZE T 5 K& 22 B0 0%, Game
Changing Development ProgramT& %, National Research Councild . KR E % KEH
D=FBAOTT7FIVT 4 VAMNIHITFTTND, —flE LT, HallZAFZ XA Z—Z HWVT-ER
HEHEIZIE, RIEBEOKGERT LA BMETH D, 2018F 6 EIF FE D3NS A7 A
(PV150m*) 1XHBMAIL > TWDH S, 20244FFT B BT TE D300kW 27 A (1,500m*) (%,
2 HBEN LTV, OFERELES (>200W/ke) . @F B O @ K SR
@EEBEBHFEEE, RENERIND, 30kW2 H300kWICEEB I HE A 7-DIT, Solar Array
Structure (SAS) ProjectZ@ A4FE4H206HICY U —AL7T-, Zx=—X11%. 1857 H OB,
Tx—RX20F, MEEIETHD, HET—~ix, OEBEY 22—/ T T35y b TRV TY
4. Qm7bx T NVT7 Ty b, @deep SpaceB B THMWRER BV —A v F—ax 7
N—=BN=HFA @OEELEETHBM, ThdH, £2, BEERE 722, PV Cost Development
Projectb d 2, WL, O KEGEMEE, @mBAE Y, SEEEE VEIR, @it
N/ T Ty MEFE, @OF Y 2 — Vel BT VA FORBICH DL, KEBEEMT LA D
IAMEBOT Fe—F L LT, O#h=FRmEICLD$/WOKE., @ HBMb /8 5E & im ki
L 550% = 2 FNHIEL, @ENEMICEL D KEBEMEREOHIE., b5,

)+ 5 & Ddeployability, @affordability, @power density N EELZ L £ L bz,

6.8 F¥r3042)E—>ar ;.

K.A. Emery (NREL) !%. ” Calibration and Rating of Photovoltaics” ¢tREL T, 'L
—F VR AT, KBEM., T a— L ORI, EEKREEIC L A E, REF
BRI L2782 F =2y 77 EOFIENRBI Sz, EHRPVIZ, TEC-60904-1IZ#EHL L | 4E
J6PVIZ, IEC62270-1+ASTME2527IZ¥EHL L, At EZ2 1T 5, M EH B £2 2 — VKM
IZ. PTB. AIST, JRC. NRELO MBI T/ B A F =2 v 7V 2475 TWVWAH D, FiguSitE/LTH .,
A% DIENDH D, L2%ITHET DI, BEEEALLVI 2V —FORBERNLETH D,
EHEL VL, REEREMVIIHERTOILERH D L, dSiva-Sik L Tlk, HlbzE,
CdTeXR°CIGSE /A TlX, BIERIMBE, 2BZETOILEND DL, Ny Fr—Y 7 HEETH
5. BRI, AESCPVEAL T, BEAVEBORENEHE T, ARy F A T7RERIN
%, 7. TREXIEH HEZE T, NREL, FhG-ISE, AISTR TiT-> T\ 5, KEAEKEEEM D Isc
X, EHEBIC, 21%HUNIZBEIE->TW5H, EEEMEIE, EE T, LI T 2 2N
b5,

6.9 EVa—I-PRTLDEH:

A. Golnas (SunEdison) {%. 7 PV System Reliability: An Operator’ s Perspective”
LELT, PV —F VEEAZIT oo, X, Z4FEM T, 75077 . T50MWEL EDPV Y
AT NEEORBREAET S5, PVIE, fdhSi, a-Si, CdTeNET, BERBEE N/ 7 FRE
Thd, PVOEFEMEIZ, 22 MNMIEDLL, FH02177 8 1 TMWOPVY A7 AL TIL,
$0. 1/kWhAa EBL L T\ 5, 450DPVY 2 F A D20104FE1H ~20124E3H 12 7= 527 H O H —
EATOMEREGIL, A "= 2 03 43% & %< R 7T AT L14%., Y7 v 27

16



L(fvo—axrsvary, ZUy ) 12%6%< PVEY 2 —/Lid, 2% &d7n, 54
— B —T, WENfEHES L, FLILIT, MEBZ L7 -, BoH27r—AHb A —F—IC
L5, A= —DEDAA X, Kl Y 7 F28%., B — K/PCAHR— RN13%, ZyiEke
H12%, 7 ETHY, A NN —F—ilEIZ, A v FHIFIZEH/LTND, PVEY 2 — L
e LTiX, REA 7 A42% ., BN12%, 777 v 8%, a7 &4 —HT%., ¥ x v
7 a V6%, TOMT%., DIETHDH, PV AT AT XL —F— (3, EEEZEH L.
HEMEGE T, BEmE, RIEEZRDOEN D, PVU AT ARE, BEEOEELNLETH
%)

S, OB R, QAEBIE L ORR (7774 ) 2 E, Q@EBXRHM. OMEMBIEE .
OF BHER, OFEMTL, OFEEL, RENEELELDL,

6.10 THEEFVBESTHF :

(1) D. Pamillo (Dow Solar, The Dow Chemical Company) ~ The Dow Powerhouse™

Solar
Shingle Launch - Investment & Technology Decisions; Processes for a New Product”
EELT, Y —F ViEHEAEZIT 572, Dow Chemical®fbk¥, 77 F, HHEZIEN,LE
B YR AL LT, DOW POWERHOUSE™ > & v = 7 k%, 20074EZBHAA L 7=, 20074E3 A 121X,
DOE/> 52, 0001& R DBk 2 7-, KEIZCK T A2 EEEMAHPVICIX., W&, durability,
versatility, @2 A "DNERIND, 7VF VTN ERENRTS THHAZLHLMLETHD .
DOW POWERHOUSE™|Z & % Solar CommunityZ Bk L7\, PV/XT —F 8o 2 L LT, Global
SolardCIGSE /L (%3 13%) . Alta DevicesDGaAsi ¥ /L (#h%28%) Zxf& L LT
%o PVEY 2 — Lk 1%, fESLSi. CIGS, % & . $1.57/W. $1.0/W/Z 2%, NuroSunl. 12%
T T, $0.23/WARATEEL LT WD, DowD Ry F vy —F ¥ XL %4B L T, 15~20E F/L
ZEE LT, Alta, NuroSunk R ZED DL EDOHETH L, HEITOARTr—1T v 7 17
HEMEE F O ICRFE LT 206ELL LD T 4 7o B B Lz v, TR T, A RAE,
~ N F AL AEEERR, HEaTHl, 70—V FRBREZITOFETH D,

(2) /M (NEDO) iX. ” Overview of Japanese PV Programs” & fEL T, HAD KB
BE T T T LI OWTHEGHEEREIT->72, NEDOOEOFRHICH., 2 0~K 2 2|5
T LI BATO TR I E R AR EERES AT ) . [ HH 00 K55 Hh H I BF 78 B 5% J .
M F KB SO HRGE RO ERMMERINHARE] 03207 vy FNOBMENHR
HE i, £7-. NEDOOPVEANBHFE OB EH & LT, ¥ v — 7 DO &2 E36.9% D
InGaP/GaAs/InGaAs 3 #: & KM, Y —F — 717 ¢ 7 OCISH F g KHYE (900MW) L
BOER., VY =7 OEmME (11.0%) AEBEBERKGERIFS Sz,
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High Performance PV Generation Treno High Performance PV Generation oo
System for the Future (Target : 2020) System for the Future (Target : 2020)

Background Project Structure

» the Japanese Government’s Target : )
Project leader :
Prof. K. Kurokawa
(Tokyo Institute of Technolo

28GW total PV installations by 2020
(increasing twentyfold from 2005 levels)

Project leader :
Prof. M. Yamaguchi
(Toyota Technological Institute)

Targets -
+ 14 yen/kWh (Yee_nr of 2020) —{ Wafer-based Si solar cell ] Evaietioniiaryding
* Module production cost : 75 yen/W technologies
* Module conversion efficiency : 20% for wafer-based Si _{Thm_mm Si solar cell ]

(between Year of 2015 - 2020)

Common components/
Period and Budget CIS solar cell Balance of system

*FY2010 - 2014 (5 years) itized & 7
- 5.98 billion yen (FY2012) | sttt gl J

¥ 2 0 NEDO FKE5EFEBXR A EmMEREDMBERE] Yoy =7 b OHRE

R&D on Innovative Solar Cells oo R&D on Innovative Solar Cells frieoo
= I::alizing Super High Efficiency PV Technologies Project Structure
over 40% efficiency in 2050 | NEDO I
Period and Budget ( h
+ FY2008 - 2014 (7 years) | Post-silicon solar cells for ultra-high efficiencies
+2.36 billion yen (FY2012) Team leader: Prof. Y. Nakano (Univ. of Tokyo) )
.
Muituncsion soar cul L o) | St somes| (" Novel thin multi-junction solar cells with a highly-
Multiexcion  Intermectase = ordered structure
\_ Team leader: Dr. M. Kondo (AIST) y

( Thin-film full spectrum solar cells with low
= concentration ratios
L Team leader: Prof. M. Konagai (Tokyo Inst. of Tech.) )

B2 1 NEDO [#EiAMEmEIFHENE oY= FOBE

R&D for Commercial viability of Dye-

. . @EDO
sensitized and Organic Solar Cells
Target
* Business solution from a practical application
standpoint

* Find new market opportunity

Period and Budget

+FY2012 - 2014 (3 years)
*1.97 billion yen (FY2012)

Design & Trial manufacture of PV system Setting & Proof examination

22 NEDO AR L OAKKEEMmORZMMEEIMHAE] Yo y=2 boO@E

(3) M. Le (DOE) i%. ” SunShot Initiative” L T, XKEDOE D KT R/ILF—
i 7m0 79 2 HOWTHBE#BMZIT > 72, SunShot 70 7T AN A X — KL, K2 327
FTEIIT, 2010 FF DY AT A3 A R§3.8/Winh, 2016 FED$2.2/W, & 51 2020 FD§1/W
ZAHETELTWS, ZhiZ, 5~6F> F/kWhICEMTH D, o T, EYVa2—/La Xk
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H$0.5/WDEME HET, M2 41F, Y2 —/ba X k$0. 5/w VAT A A RSL/WEE
DIEODORERT, EYa2— /3T RXK0/5/WOEKRDTZOIZIE, B EITIEWNEEL)
KOBmWKEBEMLORTRE, BLldEax boKE, 30 Euh%%‘rﬁz%ﬁﬁféﬁﬁﬁ%ﬁi%ﬂ%
SNd, K2521F, lxOXRBEMBEIFICEL T, BIITOREEY 2 — L OHFE, R
BB AR, BHgghRz2 Ry, M26I121F. 2 A M —4 v NERDOZD D%
Bl —7 y hEMEBEERT, PSS E LT, Hikd - Z65dh Si. CIGS, CdTe, ITI-V
HEEEAKGEMN DD, A FIX, 72, EE, EaOSTIREN L NSFE0 K
W7 = — X Th D, F4I1TI1X, FEHE TR B Z 7R3, M. Le (DOE) (2 LiviE, 2011
FEORBIEHRBERBROFHEE DL, fdh Si: MEE:CPV: v AT A 3 A =8:6:3:6:
1ED0FETHD, DREICEITS, A aFBIO0EIHRO THEEDICHEZHET 5N
7=

Utility Scale System - $1 per watt Goal

$4.00 - $3.80 = Power Electronics
$3.50 - m BOS

$3.00 - = Module

$2.50

$2.00
$1.50
$1.00
$0.50
$0.00

2010 2016 $1/Watt

23 SunShot 7’u /' Z7 LDy AT AT ARNAE (£EVa—/LaA b, BOS =2 Xk, X
J—T L/ fr=J AT A})

Fundamental Targets for $1.00/Wp Initiative

Module System Electric Power Source

E";!
=
=

$ 0.50/Wp [1.7] $ 1/Wp [$3.4] Scents/KWHY [competitive]*

> Manufacturing Scale Up > dSystem Installation Costs

- AGrid Integration
JSupply Chain (gigawatt scale). 20 to 30 yr. lifetime/reliability
OMeeting efficiency & $/m* cost targets. 1 to 2% Degradation
UMaintain Performance/Quality.  Low Operating Costs
QEnergy Payback & Environmental . *no subsidies

24 FYVa—LaxR$05/W, VAT AR NSUW EB OO
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70%

B Theoretical Maximum
60% | i

! Labaoratory Results
50% - W Typical Production
40%
30%

20%

10%

CPV (3J) c-Si me-Si CIGS CdTe a-Si OPV

X 25 FfixOKBEMEMICET S, BIToREE Y 2 — LR, FIEELLDE
VRN R PLER RN =R
2020 is the target year for achieving &8 "2

a Dollar-per-Watt installed costfor & | = |
electricity generated by photovoltaics A

2012 2013 2014 2015 2016 2017

It may take 1-3 years After laboratory cell level

to discover and demonstration, it may take : After demonstrating the new technology
demonstrate an up to 4 years to build a pilot on a pilot line, it may take up to 6 years to
advanced technology scale line to manufacture cells build a fully commercial, large scale
in a laboratory cell :

containing a new technology 3 manufacturing plant
or subcomponent :
of a cell

» The research targeted under the F-PACE FOA will accelerate commercialization »

X 26 aAAXARNE—F v NEROTEZOOERBEY —7F > FEHE

F4  WHIEBAZE TR ETE

Topic 1 Topic 2 Topic 3
(Sub-cell) (Cell level) (Barrier Focus
Teams)

Award Duration (years)

Max Award Award (Total $ per Award)

$1.5M ($1M $8M ($6M Average)
Average)

Estimated Annual Federal Funding ($)
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~$3M, (~9 Awards) ~$4M, (~8 Awards) ~$4-6M (~2-4
awards)
Scientific advances Cell level Teams with very
in materials, device, foundational high level of focus
and process research closing the on overcoming
research gaps between barriers to improved
theoretical , lab, and performance
production efficiency
limits

7. BB

BIEH NSRS AE R Z b0, AiRlIESFE LV ZINE IR Uiz, KEIX, 104 O
WZxf LT, BHAR, KA @E, A8I%., i, 584, 4045, 394 9., 154 T,
CENPLDOSMEDRB > TWILHIRTH D, K, M@mSIKEBEMmE v a Tk, KK
DO DI BEREENEATLEN, BRBENLOBIMIDV R, 5B OGEEZRLE S, *

7o BN CREFHEEENEA TV D, FEMNIT, DAEIL, b SRR &M A PE &I B W\ T,
R —72 ol FEIZEBWEIPN TS, R, PEAEZFEZ, UNSW, KE., ECNXSERIS
DHEMEAEZLTEBY, bAEIE \mekwﬁmmﬁnﬁﬁﬁkméﬁ%b L L
EEFHZENRMETH D, PFERLSIHEEDO —OBLEEE Wiz % PREICBT S
ﬁ%%%@%k&ﬁiﬁ#ﬁﬂ%?%é HEEEICHIT 2729 ~k@%$%&

ﬁ@ﬁ@ﬁ—w/%ﬂ/®l5%LI%%$“ﬂ;ﬂi#é®% ﬁ&

%$6ﬂ#% ERRIRBE R EICET 2 BRO LFEAMFIEBRFE BN MEE D | &*T@%%
KB NRELV AT LAOEBEENHR B SINLTEY, bAEICE T 2 @E 2 E K E -
ME, BTV 22— LBLORV AT AICETLIMERBOFBRILOBRWESERA S, E
Va— VR VATADOEEESCAY— U v K, RROREN, TITTA AT
RE, VAT AFERABORILLELETHY . HRICFEFIEFHT & FELIC, B KRERPRE
B & BIFF L 720,

DOES°NRELD NFE L FETHEN L MAETOAH - R0 TD ) VY —ADE SICE
PivD, PERECEEMEICHEEN S, KB ENZ20ERH A9,

W IE > 39th IEEE PVSClX. 2013467160 ~21H, 72 U X Tammpa TRE T ETH 5,
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	CdTeやCIGS系の化合物薄膜セルは、アモルファスSiおよび微結晶Si薄膜セルと共に、低コストの薄膜太陽電池として期待されている。これらの材料は、真空蒸着やスパッタ法などで、わりと簡単に作製でき、多結晶薄膜でありながら、多結晶粒界が少数キャリアのキラーにはなっていなかったり、不活性化されていたりして、結晶粒径1μｍでも高効率が期待できる。


