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(4) J. Edmonds (Univ. Maryland) IZ. “The Energy Challenge of Climate Stabilization”
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5. Cherry AwardZ ESLSEZEOHE
(1) Cherry Award Chalr“C“é?)éA. Luque (UPM) 1% Y . L. Kazmerski (NREL) 23, WilliamR.
Cherry Award®D#&fE (£ 1) . TNFTOZHEE (F£2) OMHAN I,

#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.
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Dr. Paul Rappaport 1980 Dr. Martin A. Green 1990 Dr. Christopher R. Wronski 2000
Dr. Joseph L. Loferski 1981 Mr. Peter A. lles 1991 Dr. Richard M. Swanson 2002
Prof. Martin Wolf 1982 Dr. Lawrence L. Kazmerski 1993 Dr. Ajeet Rohatgi 2003

Dr. Henry W. Brandhorst 1984 Prof. Yoshihiro Hamakawa 1994 Dr. Timothy J. Coutts 2005

Mr. Eugene L. Ralph 1985 Dr. Allen M. Barnett 1996 Dr. Antonio Luque 2006

Dr. Charles E. Backus 1987 Dr. Adolf Goetzberger 1997 Dr. Masafumi Yamaguchi 2008
Dr. David E. Carlson 1988 Dr. Richard J. Schwartz 1998 Dr. Stuart Wenham 2009
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6.1 EBE, FIttH - THNAX0F:

(1) J. Adams & (Imperial College) IE. “Experimental Measurement of Restricted Radiative
Emission in Quantum Well Solar Cells” L T, 'L —F ViEIZBW T, E7HF QW) &
KGEMORMZE#HE L, K. Barnham @ Imperial College @ 7 )L— 1%, BFH AR K E
ZHEZE L. InGaAs/GaAs SR BB A E DR DO — > TH o 7= [EMEI /1% InGaAs D H 7 /GaAsP &
BEJE OBRRMET S (SB-QW) £ 1999 FFIZHRE L TV D, 20MQW O SB-QW KF5FEM T, GaAs /3L
7 KB D Jsc=28mA/cm?, Voc=970mV (Z5%f LT, Jsc=27. ImA/cm?, Voc=950mV T. Zh=R 20%% I
LT\ 5%, AML G @ 500 {550 TRh 28. 3% %4 AL L TV %, K. Barnham I%, QuantaSolar #1:% %57
L. filt, BT TR 28. 8% 2B TWD EDFETH D, 2 m Lo OFRBEIZ, KB ORI,
BRSO H 0 . 4B B HEGOMEZH 6N T2 M T, 74 MrIxy kR

(PL) O EBRBIMATHE BLANRE 4177, 532nm L—HFFHE T, EBHEI SO PL © TE 3 LTV TN E
— RO STz, AE S OFEWIESL (HH) ¥EGLICHES < TE B— FRIEE— 27 1.27eV IZx L T,
BRVVESL (LH) ¥EALIZHES< ™ B — REBE— 2 13 1. 34eV TH 5, Gads/InGaAs/GaAsP OJERMIS
712 ClE, HH LIS IS < TE B — RFEBE— 2 1. 2eV IZxi LT, LH#EALIZHE-S < T B — RFEL Y
— 713 1.3eV TH V| InP/InGaAs/InAlAs D512 D /1% Tid, HH EALIZHS < TE £ — FIOLE
—7 0.83eV (Zkf LT, LH #¥MZIZHES< M E— REIEE— 213 0.86eV &, IESITOEEZEMN LT
W5, ffamE LT, SB-QW fiE T, B RAER LISV Ry v 7R T& . MHEHKA L HfE T
XHELTWD, 5%IE, 74 F UV A 27 U7 &I T, DBR i K ORMFHE FEL TV 5,

(2)A. Zedda. A. Heeger (Konarka) iZ. “Progress and Future Challenges for the Organic
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CdTe <° CIGS RO LAWEEE L IZ, TEAT 7 A Si BLORR M Si ML L 4kic, Ka =z
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IR TE . ZRMERTH D 206 ZREERANDEF v U 7 OF 7 =123 k> T h
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(1) J. Britt 5 (Global Solar Energy) i%£. “Production of Flexible CIGS PV at Global
Solar Energy” L T, YL —F VEHEZIT>72, 1996 FIKE - Y — Y 2 GSET
AL L, 2006 2L Y 2 GSED 23 L T\ 5, Roll-to-roll #12 &K 5 CIGS & /v
BLREY 22— (K8) OHAMB%., #iEK7EZ1T> T 5, Roll-to-roll #£i12 & %5 CIGS
EAEY 22— T, BET, BEERBVW I LI TAEY o — L 2Rt TE, ot 2
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WET o AL, AT ULV ARAT = VEOIER EIZ Mo, TCO OHERE, CIGS (F3& %,
Ny 7 7@ CSDIETHRL TS, Y 2a— %R E . 2009 FEHEO LR 7% (5
~8%) 25, 2009 HFRIZIE, EHHE 11% (9.5~11.5%) ~EH L, ®iE yield b
90% N5 95% ~LtHLESINTNDLEDFETH S, NRELHIE T, /LT 15.45%, TV =
— /L (3900cm?2) T 13.2% D mEmIFELEZFEH L T\D, BAghER, ®iE yield zE5E L -
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$0.52/W~$0.6/WTHYH . 2014 FKETIZ$0.8/W R A[gEL L TWAH #HDE & L T,
AR PV, NU—F Va2 — b (BRX field) | B KRBTV —, XD D, HIF
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RiE, 2L OEREN, M—VX—2DHENKKBENIHE (CPV) A7 LADfGHLE M L
TW5, ZOERHBEELT, KOSARBT oD,
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(1) N.Hartsoch (CPV Consortium, SolFocus) {X. “The Current Status of the CPV
Industry: System Performance and Cost Competitiveness” L C. YL —F VikE%
Tolee 10, M11ICARTEIC, OFPDEXLF—, QF= R LT —4L, OF
EEBETE, @QRMMAETEN., @mEWEENTTE, @K A h KBz xLrX—, &
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CPVO#LE =2 2 T @, L L., 2500kWh/m?/yrlh B B H &0 B Vv cix, K1 3
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CPV: Higher Capital Costs
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6.4 #HERSIKEEMLDE :

(1) P.J. Cousins & (SunPower) X, “Gen III: Improved Performance at Lower Cost”
CELT, n HFERS Y a KBEMOERIZONWT, L —F V% 1T > 7, LCOE
(localized cost of electrlclty) = (Total life cycle cost) / (Total lifetime energy
production) D 7= 21, B#hE %2 LI TREBEEZHEST L L EERIIRICL D 2R
NE T UNMETEH D, SunPower DL T 7 7 v ¥ — (3 5H —#{(Gen I) TITEHZHEN
20.5% T o7=b D, H _HATIE 22.2%, S HITHEFOE MR (Gen IID TIFE 23% %
T ELTEY, HE2hRIT 24.2%ICEL TS, ZHITERO p BaEE BSF fH O K
WAL X D, AEFERTIZ., 22%D LT 7 2 v ¥ —IZBEIZ 500MW/year D APERE 124 L
TR, REEPIZIT 1.4GW/year ODAEFERE N EFio~ L — 327 L (FAB3) O BEN N T &
ENTWD, EYa—/LEL | Genlll TIX, 20. 5% BEK S 4L, 21%2R D755 L DHE
Th b,

(2) Fraunhofer-ISE 7> 5 [Z”n-type silicon ‘enabling 20% in industrial production” &
LT n BIEEHLSY = ‘/itﬁ%aaﬁﬁ@tr?//ﬂf/w ODWTHENH T, pMORE
F—7 CZEMRITMFEZ LB ZERALTHEBY  ZOMBENKBRICEI ) R v EHEK



IR LEBMNFEOIR T2 &2 (Otg{kEl4  LID, Light induced degradation)
ZERMOLENTWVD, ZTOXBHIITHONT, BBHERE 0 T 21.256%0 L fEa KL LT
MR ERE A2 NT A — FICEWMREZFE LT 2 A, 6x1017 [atoms/cm3] T i O ik 35 & &
(GBH O CZERDOBEFZRE LV HIKV) TEMFEIT 20%2 0 5fFR Lo, —FHThn
RS ary KBBHMOEA, ERFPICAe Uy REEh TNz Esibrs & E
HMENR, FEEICn BMIEREFEHA L n MRS V) o KB CEBEIT 20%
FBEATEY, =2 v X —%2EMITHOOICHR L HEE T 28.8%DENEF LT
%o

(3) Wy v RXR—va L i, Em (p#) Ry X—r a3 H& LT, AlkOs i
TOHREND-TZ, BIRTIE, BT ALIZK D BSF IS A TH Y, FiEEHE I
500~1000cm/s F2fE TH D, L L, 20% % B2 2 BN 2 ER T H7-0121%, Hiln D
fEAHE %A 100cm/s L TICH E L, EMAHITMICT 2MENRD 5D, AlOs KIXA
DEEBMEALTCNDD, ERADRICLD Ny v _X—va Uk, FEEIZ ALD
WCEVER LI Ny v _"—2 3 VT 10em/s BRE EHEFIEVWERBAERENE LT
Do MIZHEHADI =T L0 SkEan-EgE) 77 X —IC L RBEORERS, 7T =—
DM FER IOV TEREN T,

(4) YV arvhoRMWIZEALTIX, 54 784 2FXFT7—ThHEHICHONWTESDH
ERBHoT, ZERV) AV ERPICEETNIH®KB) Ay H Y I L BREATRE e B
FEIX 5%1013 [atoms/cm3]EETH Y, Th a2 28I HET 5, SITHEHOEBEE L ZD
REIIZHOWTA Ay homS Mooz 7w b ZFMH L THIEL /R,
FrHmoRKE &35 10nm & —FETHIDICK L, BEIZA Ty b EEICANHI2oN
TEATHEVIRERTH T2, MTHICERELZ RIZTTHA IR OBE L O
BEIZOWTIEEERRFEDZ L TH D,

(5) FEMMEIZOWTIE, /KD CZERTF Y A MNEOKME I I 2L —Tva e, WHEOD
FAELZOWVWTORMPIME SN, HLWVWEREEE LT, FiEKRKE (floating film
growth) 3 i & S uiz, il £, FEIXRMEREETH Y . KE LN 26k E
CEEFMICH S ZET T AN LDROEREEDL HIETH D,

6.5 FELWLIF7R, 7/ /A4 0DKERBRSIKBZELDE :

D. Van Gestel® (IMEC) I%. “Thin-Film Polycrystalline Si Solar Cells with Low
Intragrain Defect Density made via Laser Crystallization and Epitaxial Growth” &
LTV —F Vil EIiTo7c, TV a ER~OEKZES O LV — P — i BT
I 2WETHD, L LT, arvvorvaFanElRv ) arRKEERTO Y =
NAARNE3BRIRBET DI LICH D, KFBLFT, v VT IHHEN2FECLHEINL TV D,
BE %1 @ AIC(Al-induced crystallization) Z H W\ 72 #5 dh{E TiX, <0.1mm® g i) K & 0 i il
KLBE LA, IR IT~8%Th oo, MmbiREZ FIF 2 /MBI REL R, KR
THREFAE LR EDOREVL OIS L A=ITE < oo, TR KRR E A K
FNEOTHY, ZORBABECTHL, 2o, EHERRR~OFSEKRELH T,
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6.6 FHAABENS :

T. Takamoto® (Sharp) IX. “World’
Fabricated by Inverted Layers Transfer Process” L C., YL —F VU HFEHEZIT- -,
-V & A KEBEMO B FLDZDIZ, OBRES,. QU A KX x v 7 b3
BA. O 7'Ml L OERME O T8 A,. @InGaP-GedR F A&/, ®disordered
InGaPZ ZEE &H 5 W TR S 7=, InGaP/InGaAs/Ge3FEA L/ IL, PAE TS, Tl K
wmie LTEMELINATWDS, £/, ElEE. P2 VESOIR R EITE D, 200454
HTEI. 2% BHMEINTWVDH, S HIT, 2008FEE NGB SNz THEFH KB E
RS 707 7 00 RKWAOE LT —L L LT, BEELMZES K
EHONIERRIE 2D | 2014FEERETIC, BN T TOEAZFRIS%, Y 2 —/LEFEI5%
DEKREZHEBELTWD, BEELENXIC L D In6aP/InGaAs/Ge32 5 LD E RN ST
W5, Bt A X0KEE Yy Ry FEDRBEKFIZEL Y, InGaP/InGaAs/Ge3tE A
T D 11005 5E Y T40. 2% D ENFLZFEBL L T 5D, A FALGeE L ZH 0T TEAS
AR EmE, EREBREIZESN TS, K1 6I1R-T X2, GeE i H 1. 0eVEES
TEEH2 L, Bliior AR, BVEEEL LTS 2 LT, 2R EXAMRETE D,

Band-gap Optimization

s Highest Efficiency Triple—junction Solar Cells

I~ Ny 4sGay 5P Ing cGa, 4P

3 2

Q o ——

3 1.5 T

3 Gaps T__A__.--G F

! g 17058, g3AS £
~Ge Ing 55Ga, ,As
05 : . : .
5.64 566 5.68 5.7 5712 5.76 578
Lattice Parameter (nm)
! [ | [1mm ]
1.9eV
@ 32% 1.88eV 36% 1.72eV 36%
2 (x1) (x1) ’ (x1)
°
> 40% 45% 45% 1.42eV
(x1000) | 1-4eV (x1000) | 1-16eV (x1000)
0.67eV | 0.67eV 106V} current
. ! -
16 3EEAOEMIFILDEZOD NN RX Y v P
A, ZHEAELVEOREROBAMEBIEE R ESREZREKEIZT HIHW T, 1

TR THEEEZBRE LI ENRBI S, 1 712/ T X 91T, GaAsHebk Bz, A%
4 /A ARHERE (MOCVD) ¥ C. 1.8eV In, sGa, sP/1. 4eVGaAs/1. 0eVIn, ;Ga, ;As 3 2 & L A3,
WHEETE ) VY y ZITE SN TWD, - AEEIn Ga, AsHER L, HBICHKE S
TWVWb, BT ABEAOBFEIT, Ny 7 7BOTRICEY ., EHEME GRS EKBN T2 5
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o VoI LN TWD, 3EAEALOZFEIT, K1 8IZ/RT L HIT, 1-sun®AML. 56T D,
NHFEIX35.8% T, FENLTTCOMREmIELZERL TWVDL, THLETOIENLT ToHE
RE@EBFIT, I9TFECERLEYy N vz F YV —, EXEL., BT KRKICX?
InGaP/GaAs/InGaAs3# 4 /L 1 33.3% . 20084EZNRELOD 7 )L — 7 73, InGaP/GaAs/InGaAs T
B L7233.8% ChH o7, SEIOMEIF, ChoDEEERE L,

Invert Fabrication Process
[ MOCVD Epitaxial Growth |

S Bottom 6%%
3 | | nGans botiom o%" N
o buffer layer Buffer layer AN T
o n qéo t%?
£ GaAs middle Middle /) @
Z || meaPw e
[ P GaAs middle
0] Top
Suffer layer
+ GaAssub. osaenas )l ooy InGaAs
Sub.
[ ] Support sub.
Invert Growth Layer Transfer
Lattice mismatch bottom cell should be Cell layers should be mounted on
grown at the last in order to keep good a support substrate for handling
crystal quality for top and middle cells
SHARP 60

K17 WoveHERKEELOER TR

|-V Curve for 35.8% Cell (measured by AIST)

—_— I-V CURVE

EC60904-3Ed.2 0.880 cm?({aperture area) WHSS

TR V4

18 vy —70MREKEZFInGaP/GaAs/InGaAs3 A KB o I-VEF

SHARP
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High Efficiency Cells

InGaP(1.88eV) [40.0% (x1100) by SHARP|
LM GaAs(1.40eV)
Ge{0.67V) 41.6% (x364) by Spectrolab |

32.0% (x1)

InGaP(1.75eV) ‘ | 40.7% (x240) by Spectrolab |
MM InGaAs(1.2eV) =
Ge(0.67eV) |41.1% (x454) by Fraunhoferl
InGaP(1.88eV) 35.8% (x1) by SHARP |
IMM " GaAs(1.42ev) | |
InGaAs(1.0eV) | |40.8% (x326) by NREL |
T— 33.8% (x1)
SHARP

19 EHRIFLAELLVOBELFEEOE LD

1910k, B RIFEAELVOBELHEEOE EOERT, TTI-VIE3#EEELORE
FALIZBI L CTix, Sharp, Spectrolab, Fraunhofer ISE, NRELZR EN L DO E ZH| > T 5,
FJEEYETIE, SharpD W — G - A~8 45 (IMM) % InGaP/GaAs/InGaAs 3 $#:45 Z)L TZhR
35.8% 7%, HENEIE L 7= TlX. Spectrolab®# F# 4 (LM) % InGaP/GaAs/Ge 3 A& /LD
36415 TR AL 6% DRI TH 5, SharpTlE, AHEMETIEH 52, Lt Lo
230fF LN TR A2, 1%%2HF TV D, 5%, BES & EIEHTOKEIZ L D . AML. 5D 1000
fEEN TR RIL. 8% MNEMTEDHELTWSE, £72., FHAHEM /L (Space Solar Sheet)
DRBHFEI ST,

6.7 MBI UVBEKDEF :

W.C. Sinke® (ECN) (. ” The Solar Europe Industry Initiative: Research Technology
Development and Demonstration in Support of 2020 and Long-Term Targets” & iEL T,
T —F V#EE AT o7, The Solar Europe Industry Initiative (SEII) OHEZEN
Sz, BONIEFEMAE (EU) 13, 2020F £ T2, xR F—0D20%., RE)D35% % fF/E
AREZANVF—TENPRBI LW X =Ty PeRE L, K2 0IZid, K5I ERER
DEUD L¥ENE Y a v ERT, ZOX—F v N&XHET H7-DIZ, Strategic Energy
Technology (SET) FtEINVE S Nlz, T OFIEO#E L, H#HAEE LR/ =a X FTH=
~DORKRFIIEZ AR E T2 REBEA - HREZHNE T HEEBIRDOMESL Th 5, PVsolar
energy¥ X OME Kisolar powerZ @& 3 HSEIIA, 20104F6 A I A% — F L7z, M2 1ITi%,
RHBEAN 2 & LIZSEITD Ttk 2~ 3, SEITIE, EUB XA U AN—EHO 71 7 J 4
B LT R ENEED % — 7y N P EHE B L OEMOBEEZRMET L2725 95,
SEITOPVER Ay 1X . BRMIC I T 2 KE S OB REES L O T %% {8 % 3 % European
Photovoltaic Technology Platform & £ T EPIA ( European Photovoltaic Industry
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Association) & OIEFEIEETH 5,

-fff.".°.?.'.*.‘f‘f Industry vision on the future of PV (@) EPIA
2009

— Share of demand by 2020

el Paradigm Shift Scenario: 12%
_ (requires flexible grid)

Installed capacity (GWp)
~BBAENHYERABNESST

Baseline Scenario: 4%

2008 2008 2070 2012 274 2018 28 | 2022 2024 202% 2028 20
2020

EEE FYSCIS - Honcubs, Hewsli - 23 June 2090 -

20 KB EREBEBLOEUO TEAEY a3

. Addressing enablers for
e large-scale deployment (\EPIA

2010 2020

COST
REDUCTION market deployment

volume
+

innovation

LARGE-SCALE
DEPLOYMENT

INTEGRATION

up to 12%

gnd
B smart grids & integration
built of other renewables

environment

EEE PYSCES - Honoubs, Heesi - 73 June 2010 -

21  KRHEFBLE A EIT7ZSELLD J7 )4

X2 2121, KEBEREBEHLEMOBRESEITO BEZ 74, K2 31E, CoHeHicEb pthod
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TR XF—L DO AERT, M2 41%., SEIIORERE 7T %5,

.m G PV technology state-of-the-art G
: and indicative SEIl objectives EPIA

Turn-key price larger systems (EWp)* == 2535 2 1.5

PV electricity generation cost in Southern EU o30-06a| 013-02s | 0.10-020 [007-0.12

(EkWh)**
Crystalline silicon 13-18% | 15-20% 16-21% | 18-23%
Ktk I mmantisin Thin films s-11% | 6-12% | B-14% | 10-16%
efficiency range (%)
Concentrators 20% 20-25% 25-30% 30 -35%
Inverter lifetime (years) 10 15 2 »25
Module lifetime (years) 20-25 20-25 25-% 35-40
Energy pay-back time (years)™ 2-3 1-2 1 0s

Cost of PV + small-scale storage (€/kWh) in
Southern EU (grid-connected)™**
* Iycieen price dependc on techinclogy and market maturtty
** LCoE vartec with financing coct and location. Incoiation range concidersd hers 1500 - 2000 KWhTF per year
+= Bect values

- 035 0.22 <0.15

+*= Eciimated Pgurec baced on ELUROEAT rosdmape
E£E PYVSCIS - Honouls, Huws! - 73 June 2010 e

X 2 2  KEGEFHEEFMOBR ESEILO B 2

. The value of communication: carbon
oo footprint of selected energy technologies (\EPIA

00
PC = Pulverived Conl
B0 “lrmmgretsd CasmMcaien Conbined Sl

262
250 - 248 CO8 = C0y T aphure amel Betege —_—
Ldea S v
200 - Vismann 2000 (vard easl) —
17e - Ecchvasst 21 nared nuciear)
thin shsdy V)

150 -
100
50 4
0 -

hard coal hard coai hard coal
PC+CCS | IGCC +CCS |PC oxyfuel +

e

=
1§
3
§s
aﬂl

ccs
DE DE *]]
2020 2020 2020

Mariska de Wild-Scholten, Environmental Sustainability of Thin Film PV

2nd EPIA International Thin Film Conference, 12 November 2009, Munich

EEE PYSCH . Honouls, Hewsli - 73 June 2010 n

X 2 3 COHEHICBID D oD = R b F— L D g
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-“.‘”.°‘°'.‘.L'f‘f SEll Implementation Plan 2010-2012 (\ EPIA

Core of the SEIl 2010-2012: selected priority areas

1. Cost reduction: paving the way to 2020

- Advanced manufacturing processes
+  Performance enhancement and lifetime extension
- Sustainable material altematives

2. System integration: paving the way to 2020
= Multifunctional PV modules for building integration
«  Smart inverters, stability and dispatchability
» Solar resources, monitoring & simulation

3. Preparing for cost and penetration beyond 2020 levels
= Ultra-low cost technologies (pdot production level)
= Very-high efficiency approaches (proof-of-concept level)
+ Integration concepts for very high levels of PV penetration (demonstration)

EEE PVSLIE - Honouls, Hewl| - 73 June J0M0

2 4 SEITOREBHEH

7. mAE

1 0w

FEmSI K EmME v a T, AL OB ERENKEA T, 2N E ., HHE,
BOREPRDICHER T 2RB 2K 7, —FH., BARENSOZIMET L, 4% DfE
MEKL D, 7o, RN TEFHEENEAL TS, HEIZ, DOEIL, B&SiKEEmA
FEEIIBWT, R —7Zokn, FE., R4V, IZB0WHE» N, &8, EN BV ETFT
W5, T, bREICE T 2 EMSIKEEMOMFARBEE AL LR R 44 &%
EARVWIEICERNLTWDEA S, PLERISIEHEDO —OBZHEE RV EDICH, DRHE

IR DI OEL L EFEENLETH D,

A E SRR B P KBB4y B 6 . ECEE DOFULLSPECTRUM Y 1 &2 = 7 kI
Z. KEOHiPerf PVZ =7 bbb, T2k T, EXXKBENHRERES AT LOEE
PERBFRBEINTEBY, DREICBIT2BENEREGEM - M., AT 22— LB LY
VAT LT DEREOF RO L EEE KL 2,

W [E o 36th TEEE PVSCiZ, WCPWC-5& L T, 20104E9H6H ~10H, A XA DAL 7T
T. K % [E®37th IEEE PVSCIE. 20114E6 H 19H ~24H . 7 h /LT, £ DOk D 37th IEEE PVSC
%, 20124F6H3H~8H., X H RINA—2F L CHETETH 5,

E
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