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Cherry Award ChairC& A M. Yamaguchi (EMH I K) K V., William R. Cherry Award
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#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.

F2 ZHFEFTOWilliam Cherry Award® =% EF&H

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

Dr. Richard King 2100
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(1) H. A. Atwater (CALTEC, AltaDevices) I%. “Paths toHighEfficiency Low—Cost Ptovoltaics”
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FEBL, HEEAS CTOMMREZITE 27.6% %2 EELL T\ 5, i fHfs & 2R S 5 729 0 NHS,
Na,S <2 TOP-S Z U 7= S /Xy o _X—3 3 > GaAs @ Nano Sphere X° Si @ microwire DFRAHFHAT
Ehtz, Siwire B TIE, VA VYREE NNy _"—2 g 0352 8T, ERWIEE 20un LLERA
T, L T1.92% (Voc=498mV, Jsc=24.3mA/cm®, FF=65.449. %) ZHTW\5,
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CdTe X0 CIGS ZDALEWHilEE L IE, TEAT 7 X Si 36 L OGRS Si it &4z, K==
N ER E L CTHIfF S TWND, ZIHOMEHE, BZEEAESCANNy XIERET, D&
fHEICFRTE | ZRBERTH Y 205 SRR DEF v )V 7 OF 7 =237 > Tk
S0, NEHELSNTWEY LT, bR Ly mTOEDEIFFTE D,

M. Edoff (Uppsala KX) (. “Thin Film Solar Cells Based on Cu(In,Ga)(S,Se)2 and
Cu2ZnSnS4: Recent Progress in Research and Indstry” &L T, 'L —F VU iiEH 21T
> 72, ZSW i, CiGs/CdS o/hEFEE /LT, 23 20.3% (2010 ) %2, Y —F7—7 1
7 4 713.30ecmx30cm DY 7 E Y 2 — L THER 17.2% (7 VP A AT 16.2%) z £H (2011
f£) LT\ 5, Solibro i, 63cmx119cm @ 7 /L% A X THH 14.6% % FEH L T\ 5 (2010
)7 LF T NAEATIETEMPAR KU A IR AT —VERET &4 2% 18.7%.
17.7% % HTno, Cd7 U —"y 7 7E, MkBR Ny 7 7JE, ZnO:Al, ALD-ZnMgO,
ALD-In SnO,Na N U 7 g O ZFHI N BE ST 5, CZTS T, IBM 20 5 45 9.8%
WESNTWD (2010 %) 23, AR, AR 10%EB AT EDERNH -T2,
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D400 T, DFA3. 5% D FHEEmMF A2 ER L T\ 2D, NRELOREM Th %, GalnAsN
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Spire Semiconductors?¥EEL L 7-42.3% Td o 7=, Solar Junctionlk. 4 ETMWD 4 PERE
A L. 2011 RETIZ, AEORGEM O ZED D & RIS, EER S 25000
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2010 =D CPV HithiE. £9 20MW 7225, WEAE D=3 D N. Hartsoch (CPV Consortium, SolFocus) @ “The
Current Status of the CPV Industry: System Performance and Cost Competitiveness” (252~
L—F U T, BB KEERE (CPV) v AT A, 2500kWh/m?/yr L _Eo> B 5k B il
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(2) B.M. Kayes® (Alta Devices) IX. “27.6% Conversion Efficiency, a New Record
for Single—Junction Solar Cells Under 1 Sun Illumination” &L T. 1l-sun TR
T BN =K L O R & ik <7, MOCVDAR R £ AlAs Y — U — A ORRR= v F 2 HViz=
A ¥y U7 kA7 (ELO) T, lem®f O R GaAs K E M 2 fEHL L . 1-sun, AML. 56
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HEICHEANRAETHD ELTWVD,
(3)A. Luque (UPM-IES) iX. “Expectations on the Very High Concentration Photovoltaics
Performance” ML T, YL —F ViEHZIT 72, O@IFE XL — QF TR LF—
Ak, @mIREBEIERE., @RS HIiF, @&mEWREN e, @K = X KT x
NF— Lo BB KRG HEE (CPV) v AT LADOF AR ~71% ., CPVIZEI T 5 HE »
DM FE RN G S 7z, 500kWh/m?/yril oo BS54k Bl Tl o PVElF L
WA A MERA AT, 8.6 MAWhEL F2AMIfFFTE 5, Z R AF—_A Ny 7 Z A
LIZONTH, MOPVEMRICHESTHMTHY ., 1 FLUTOEIANAIRETH D, 20144F F
TIZ, BV 2 —/bgh=36% A LB L, 2015FE(TIX, 1.56WDCPVI AT A AZ W L T
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S. Wenham (Suntec Power) (%. “Multi-Gigawatt Manufacturing in China” & JEL T,
Wi ls %2 L TU % Suntec Power OFfH Y EHR E LT, HEICEBIT AR =2 KB
B EOBRICHONWT, T —F URHEIT o772, 2010 FOMHF O KGEMAERO K
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FYRAb-EF/ORKEOSMNDPlutpE AT Sz, THERTIC, UNSWOPERLE L %
SuntechlI & EAZHIG Lz, (K2 X b - @R KGEMOPLlutofk it & LT, Fid DPERL
TEADE~TODEZHFNO LB LE ZILE TITo> TE 7z, OFZFEM D HCZRE A ~. @2JEAR
MDHIUBAR~, @74 MU YT T 7 4 —HiiioEEH L2, @B RE L, ®Ti/Pd/Ag=
VA7 FOBEHZ, ©2enx2en) 512, bemx12. sem~, BAY A XD, ThDH, 4HE
X, &, FTReomidzitToC&l, O7T 7 AF vy —27 V== @A )b MEHL,
@ T4 EE. @PECVD—SiN, ®AI-BSF, @B =I v &% DEBLIT I « A X
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sc=236.5mA/cm®, FF=178.8%) 2%t L T, EE L L DOPlutofiZflT T, 1%19.6% (Voc=
6364mV. J sc=238.6mA/cm?, FF=179.78.8%) 2 EH L TW5,

6.5 7EILIF7R, T/ /A OHERFEESIKBEMDE .

U. Kroll® (Oerlikon Solar—-Lab) i%. “Thin Film Silicon PV:From R&D to Large—Area
Production Equipment” LB L CTF L —F ViEE 21T 72, Oerlikonfh O ZEFH D 1% |
INFE TOHEBR, REHE RS RS ST, VHFIXNeuchatel KO % T KE K Op-CVDL U |
A FrBENDRLS, ARNTHD, Ty 7B LTI, Asahi U X 9, LPCVD Zn0
NETHERLEIIENL TS, ~ A 7 BFEL T4+ X T A (a-Si/uc-S) ilx. 19944 D
WCPEC-1T., Meier?#222 L 7=, R&DAHKAI-MI 25 A, LPCVD-ZnOMDTCO% FH W T, a-Sit /L
T, ZEAMAEZFL0.09% ., a-Si/pc-Si¥ T LA T, 2IFLIL.I2%FZEMRLLTWVDH, WP
NH NRELTARINTEZT — X Th D, KAI-120000 1. 4m*PECVDEE E & H VT, 1. 4m*Da-Si,
BT AELDRDEY 2 — LT, K&, 9.6%., 11.3% DN EE2E WD, RJERE
DI, 97% L ET., 2o O 1X, Oeriikon Solarft D AT AR S WA FEME 2R T 4
DLBMPAL TV, ZHET, AL, 450MWOEEICEBL TS, 5%, EYVa—/La
A R0 52—nm /W, TV 2 — /flif1.382—a /WO EBIZHBRL TIrE WAL,

6.6 BHABEMNLDE

Y. Yang (UCLA) IX. “High Performance Organic/Polymeric Tandem Solar Cells” &
LT, 7V—F VUMEEITo 7o, ARAKBEEMIZ., A ~—ORWIRINE E#Ek, K%
HEFICLVIERIRTHY, 2oTF 2k 7 7u—F b H 5, 20104 OKonarkath D 8. 3% 2
INETORGNFEE TN, =T, KiE, 9.3%%2FB L0 HETH D, KiEH T
X, X T AT OMEIOT e —F BB Sz, AEKEEME ERAENRICT S
DiE, BAZRIG% L E, EYV 2= VIR R2%BUENRLETHA S, FHEMEITKE RHE
T, GORFRIFEE T, HAIF2~FEE T L TW5, BIEIE., EiiricE-> w5, ikl
L0, 6500 ORI TH, HAKTIXISRELOFETH D,

6.7 FHAAXGE®LSE .

P. Patel® (EMCORE) iX. “Experimental on Performance Improvements and Radiation
Hardness of Inverted Metamorphic Multi—Junction Solar Cells” ¢EL T, L —F U
IR A T o2, FHAKBEM TS IL, FFEG00kW T, 1990F % YLLK, HAEMSiN S IT1-V
FAbEMLZHEEG RGBEICY 7 FLTWD, M713, FHMAKEEMRO &SR OHER =
R, 3EEE (1)) B DAMOZNE26. 5% 06, L BRAAT], BT, ZTJ D& 4, 27. 7% ., 28.8%
29. 5% ~EWENMIEDLN T WD, 2T VIE, MeV T 7 #R 1x1015cm-2 88 H B O H F1 (R 17
FII8% THV . INE T30 FKBES N . 6 TN 7T 4 bt LTHAESRLTWS,
S HLRDmMEAD L OIC, W T EHEIE D InGaP/(In)GaAs/InGaAs 3 £ & & /L %
InGaP/ (in)GaAs/InGaAs/InGaAs 4 # & B A DRE S 1, dem* B /L T, & 4, AMOZh#32. 6% |
33.9% N LN TWD, £/, &6, 3T%U ELoFEBHEZAHEL T, ot HiEo
2.1eV/1.7eV/1.4eV/1.1eV/0.9eV/0. TeVH B R D 6 #2 G5 B L O Kt 2 B L T D
EDETHDH, InGaAsNREF Ry MIHFFLTWLEDHETH D,
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Y. Yan (NREL) iX. ” Understanding Defects Physics in Polycrystalline Photovoltaic
Matterials” LT, YL —F Vi 24T > 7, Defect engineering® B E M N H X5
iz, PR O BEEM L, MR SMEIC Lo T IEn R EE, HxoMmEE2H 50
2. MR E R T N A AR O W k| %ﬁﬁﬂﬁﬁ%@?’éﬁ%%é\_&f‘%éo Si, II1I-Vik&
¥y, CdTe, CIGS, CZTS72 K DfEmMIEIC K A2 RO LM, EWRARI, £70. fidw
B, AR EG AL VERICLDIRMEOE Y, KFOEKRTF VX —, Bz x L X
—. Fv U T OHKEREILFERE RN D OEHN 2SN,

6.9 EVa - RTLHEH:

D.L. King (DK Solar Works) IX. ” More “Efficient” Methods for Specifying and
Monitoring PV System Performance” L L T, L —F ViEEEIT o772, PV AT LM
REDORAE, E=X U ZICHLT, BE, ax b, R ENVERIND, PV AT
LOFX T T 4 DIZODFEMact 2 AF =R, £=F2 U U ITHEDTDHDH H{LacT
R R HERTE T, achH (—ack K% —/ AB KB IEE KL ¥ —) 0 F 2 I
i,

6.7 MBEHEIUVBEKNE :

(1) S. Wasaka (NEDO) (X. ” Overview of Photovoltaic Programs in Japan” & REL T,
AKRDOKBGHIEET 7 7T DT OWTHFHERZIT > 72, NEDOOBEEDOFHHIZHE . NEDOD
PVECHT B R DO REShHEFI & LT, ¥ v — 7 O & 2h %35, 8% D InGaP/GaAs/InGaAs 3 #4
KbGEM, ¥V —7— 7m/747®uﬁﬁ%ﬁ@ﬂ_mmw)1%®mm KB PV FEFE
REBAHEI STz, £, M8~ 1 0ZR-T X oIz, BUTO [T RBE LR & K AR & % 6E
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High Performance PV Generation System oo
for the Future

Background
- the Japanese Government’s Target:

increasing PV installations twentyfold by 2020

Targets
»¥14/ kWh (Year of 2020)
»Module production cost: ¥75/ W
»Module conversion efficiency: 20% for wafer-based Si
(between Year of 2015-2020)

Period and Budget
-FY2010 - 2014 (5 years)
- ¥6 billion (FY2011)

] 8 NEDOD [ KBEEHEBXRMAEEREINARE] Yo7 OME

High Performance PV Generation System Tevo
for the Future

Project Structure NEDO
|
| |
Project leader: Project leader :
Prof. M. Yamaguchi Prof. K. Kurokawa
(Tovota Technological Institute) (Tokyo Institute of Technology)

-[ Wafer—based Si solar cell ]

| Evaluation/Recycling
L technologies

—[ Thin—film Si solar cell ]

_( Common components
-{ CIS solar cell J |/ Balance of system

{Dye—sensitized and ]

organic thin—film solar cell
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R&D on Innovative Solar Cells (rieco

Target
- Realizing Super High Efficiency PV Technologies
over 40% efficiency in 2050

Period and Budget
-FY2008 - 2014 (7 years)
-¥2.2 billion (FY2011)
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(2)R. Ramesh (DOE) IX.” U.S. Department of Energy Solar Energy Technology Programn”
LELT, KEDOEDO KB XNLF—Hli 7w /7 AT OWTHEH#RBZIT 72,
SunShot 7B 7 Z AR AKX — K L, 1 1ICRTEDIC, 2000FD T AT L A F§3.8/W
M, 2016 FFD$2.2/W, X HIZ 2020 4FD§1I/WEHET ELTWD, ZHiE, 5~6 &> b
/KW ICEfTH D, Mo T, EYVa—La X bb$0.5/WOEREBHET, M1 21%, £
22—/ A $0.5/W, VAT LA L$IWRERBOLLODOKREZ T, TEVa—/LT A K
$0/5/W DERM D= HIZIX, BB RITENWERDEO GO KGEMOHIE, ELrfliE=a X
N O, 30 L E L RFEMERFT O R A M E RSN D, K1 3I2iE, Fix O KBGEME
MIZBE LT, BATORBEE S 2 — L OMFE, MAERELXLORAE, HEHEmDIELRT,
1412iF, 2 AN =Sy NEROTODOIEHBZ — 7 v N EeMEERT, PFIHRE
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Utility Scale System - $1 per watt Goal
$4.00 - $3.80
$3.50 - .
$3.00 -
$2.50 -
$2.00 -
$1.50 -
$1.00 -
$0.50 -
$0.00 -

®m Power Electronics
= BOS
= Module

2010 2016 $1/Watt

Figure 1: Approximate costs for utility scale PV systems in 2010 (not including land costs) and current
projections of a "Business as Usual” scenario are presented for 2016. With the SunShot program, the DOE
will work with industry, academia, and the National Laboratories to innovate towards $1/Wpc installed
systems.

11 SunShot 7B/ 7LDV AT AIAMNAE (FVa—/Laxh, BOS =2 A K,
U—x= L/ fhp=J A2 A })

Fundamental Targets for $1.00/Wp Initiative
Module

System Electric Power Source

\

$0.50/Wp [1.7] S I/Wp [$3.4] Scents/KWHhr' [competitive]*

> Manufacturing Scale Up_> System Installation Costs

- U Grid Integration
JSupply Chain (gigawatt scale). 320 to 30 yr. lifetime/reliability
OMeeting efficiency & S/m” cost targets. (11 to 2% Degradation
OMaintain Performance/Quality. d Low Operating Costs
QEnergy Payback & Environmental . *no subsidies

12 FYVa—Lazxh$05/W, VAT L3R N$1UW EB OO OHEE
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[ Theoretical Maximum
60% [ | k
[l Laboratory Results

50% [ - @ Typical Production
40%
30%
20%

10%

o]
CPV (3J) c-Si mc-Si CIGS CdTe a-Si OPV

Figure 2: Gaps in efficiency between best laboratory results and theoretical limits and between production and
best laboratory results provide opportunities for improvement. (Theoretical based on Shockley-Queisser limit
and bandgap of semiconductor.  Laboratory results are based on NREL verified cells.)

[ 13 HixOKBEBBEHICET S, BTOREET Y2 —LOHhE, FEELS VDL
WA, M

2020 is the target year for achieving “;"”‘ \
a Dollar-per-Watt installed cost for :‘ 1
electricity generated by photovoltaics A

201 2012 2013 2014 2015 2016 2017 2018 2019 J2020

It may take 1-3 years | After laboratory cell level :
to discover and : demonstration, it may take k 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 manufacturing plant
or subcomponent ] ;
of acell

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

Figure 3: Timeline for earliest stage science targeted under F-PACE to arrive at full

commercialization

14 aAXARNEZ—F v FNERDODTEODOEREZY —7 v EfRE
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#£3  WIFERHFE TR

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 Average)

Estimated Annual Federal Funding ($)

~$3M, (~9 Awards) ~$4M, (~8 Awards) ~$4-6M (~2-4 awards)
Objective

Scientific advances in Cell level foundational Teams with very high

materials, device, and research closing the level of focus on
process research gaps between overcoming barriers to
theoretical , lab, and improved performance

production efficiency
limits

7. BB
FEESINGEME v a T, BREDLOMERBEBEENEA T, 2z, ME, &
BOREPRDICHER T 2RB 2K 7, —FH., BARAEENSOZMEI L, 4% DfE
MHAEBLE D, T2, BRINTEFHEENEA TS, I, DPAEX., BRSiKEEmAE
FEREICBWT, R —7Zo7n, FEICEWE L, 88, BENBEW EIFTn5, FFiC,
HEAMRZEIT, UNSW, KE., ECNRSERISOLEHINEAZ L THE O, bBEIZ., #abSiKEE
MOFERABEHEAAOZHELL, VAL EZ LT L2 ENMETHD, FEERLSIEAKEO — 0%
EHERNWTEDICL . DREICE T 2R O ML & ESEENLETH D,

AKE6 Anb, B KGHHEEICEHT 5 HROILFRFERBLBEED . BRKTOEN
KGR ELV AT LOEBEENHREH SN TEY, bAEICE T 2 @m0 EKEEM -
ML, BHED 22— VBLPR AT ACHATIMERBOBBILORWVES LA D,

DOES°NRELD NFE L FETHENZ L, WAETOAH - R TD I Y —2ADE SICE
PV, PERECEHEMEICHEEN S, BB bNI20LERH A9,

Y IE] @ 38th IEEE PVSCiZ. 20124F6 H3H ~8H . T F VA MA — A F U CTHRETETH 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。


