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#F 1 William R. Cherry Award® %%

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 Mr. Peter A. lles 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 Dr. Sarah Kurtz
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(1) S. Kann (GTM RESEARCH) I%. “PV Market Analysis: Evolution and Revolution in
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Figure 2.7 U.S. Polysilicon, Wafer, Cell, and Module Prices, Q1 2012-Q1 2013
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Figure 2.8 U.S. PV Installation Forecast, 2010-2016E
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(2) H. Branz (Advanced Research Projects Agency—Energy (ARPA-E)) (X. “ARPA-E:
Transformational Research for the U.S. Energy Future” L REL C. EFEEA2IT -7,
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gap at lattice constants below 5.800A, indicated by
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Efficiency plot of three junction cells lattice
matched between 5.65325 and 5.8687 A calculated
by detailed balance and shown as a function of top
cell bandgap. The bottom cell bandgap is
constrained to the InGaAs bandgap and top and
middle cells are optimized. The band gap of
InAlAs forms an upper limit for the top cell band
gap at each lattice constant. The middle cell band
gap is optimized for each point and not shown.
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Efficiency plot of four junction cells lattice
matched between 5.65325 and 5.8687 A shown as a
function of cell 2 bandgap. The bottom cell is
constrained to the InGaAs bandgap and the top cell
is constrained to the InAlAs band gap. The second
and third cells are optimized at each lattice
constant. Cell 3 bandgap is optimized for each
point and not shown.
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N.J. Ekins-Daukes (Imperial College) %,
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“Routes to High Efficiency Photovoltaic Power
10WRTLOIC, H—#EGELT
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FGaAs KIGEMO IR & RAVZ7RT, GaAs KIGEM, D=;28.8% "o TWVHEY |
ik 7+ b U A7) TI2ED, S6RDEMBADHMEFEFTE D0, D32, 4% 0
RATH D,
Carno emissiol .
N The Shockley-Queisser
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Efficiency limit.
Boltzmann
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= thermalisation —
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)0 Louise Hirst & N.).Ekins-Daukes,
1 15 > 5 “Fundamental Losses in Solar Cells”
Eg (¢V) Progress in Photovoltaics, (201 1) 19: p286
10 H4ES KEEMORRRHA
GaAs junction
Substrate GaAs junction
Experiment 3Q Limit Experiment SQ Limit
Jsc 28.4 mA.cm™2 31.9 mA.cm? 29.677mA.cm2 31.9 mA.cm™2
Voc 1.07V 1.07V 1.122v 1.14V
FF 88.7% 88.9% 86.5% 89.3%
Eff 26.0% 30.4% 28.8% 32.4%
Sumitomo Elec. Alta Devices:
Ref JJAP, 44, L985 Proc 37th IEEE PVSC,
(2005) (2011)p4
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6.2 CIGS, CdTe, I—VI{tEMEERLILDF :

CdTe <° CIGS 2 DL AW VIZ, 7ENT 7 A Si BLORES Si #iEE L L 4ic, Ka=x
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(1) W. Shafarman (Univ. Delaware) ¥, "What’s Next Cu(ln,Ga)Se2 Thin Film PV -
Opportunities and Challenges” @ L C, 'L —F U #EMZ 1T -7, DR\ TIX., IEBEE
JLC, CIGS @ 20.3% (ZSW) TH D, CIGS 7L X 7N/ TiL, &iIr. EMPADS, &NV A
T FERE WV B 200 4% B ERLIZEDRERTH D,

AL TH,. M. Nakamurad (BFIS =L 47 X, V—5—78urF 47X, TTIC,
W, Y—7—7nm 7 47) %, “Achievement 30cmx30cmdD 7 E Y 2 — )L THHR1T.8% %
of 19.7% efficiency with a small-sized =537 AR GAY .
Cu(InGa)(SeS), solar cells” & B L T, mEzh=1k Certified Efficiency of 19.7% # SOLAR

PIRIRE R LTS, I, o R =T T e
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L TCW53, CIGSKGEME Y 2 — 22T KI5 ML D |-V R
# 5 CIGS KBy Hzh =R DRI
. Absorber Eff. Vo Jec Rs Jo Area
Institte] o ation Buffer (%) (mv)  [(mA/cm?) FF (Q/cm?) A (A/cm?) (em?)
SF | Sputtering/SAS | Zn(0,S,0H), | 19.7 | 683 371 | 778 |¢c036 | 1.33 @ 0.496
ZSW | Co-evaporation Cds 203 | 740 354 | 775 | 023 1.3& 42E-11 | 0.500
NREL | Co-evaporation cds 20.0 | 692 35.7 81 037 | 1.14 | 2.0E-12 | 0419

B D k-M. Lins & (TSCS Solar) &, AXHET, ImW G DT NAH A XD CAS Ny 7 7
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AR & LT, SRMEILEE . USSR RZ Y 7 A 7 HIRL, BT Y oEE LR
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B IEC in ref. (5] m~_§ 054
1 - O IEC-(Ag,Cu)(In,Ga)Se, in ref[8] ® . — - g
< ZSW (rzcord) in ref. [6] b
10 — A HZ-Bin ref. [7] o \9 — -
A HZ-B CulnGaS, in ref [9 o 0.4 -
e I = — T T
10 11 12 13 14 15 16 1.0 11 1.2 1.3 1.4 1.5 1.6
Bandgap (eV) Bandgap (eV)
(21 CIGSHKRAKBEMDHRRD AN M2 2 CIGS R AR5 o B s &
X v v 7 Eg IKAF M Voc D /N R¥ v v 7 Eg (K7 1E
CBM
1.0 — 1 DI =)
D2
Cui((lfﬂ — D3
0.8 - Ing,(0/4) == -1
| Ing(+/2+) =
],f’l“{“{_,fz_] =:| D4
. 061 cuy@-1m— =
5> —— A6
= 4 - |
04 Vin(2=) = A5 -
I~ Cuy,(—=/0) Ad 7
s V[n{_"rO:' A3 ]
L A2 2
Ve, (—10) Al
0.0 LY
VBM Theory Experiment
23 #WEINTWD CulnSe2 & K[ HENT

E R ORI, AR O FE &

AL

AWM. . R K o B R &

FEH, VA4 FX vy v ITHBOREBEL, XU RXY v T —F 4 7 T AEGER
L=V AN, R ETHD, VA FX ¥ v 7 CIGS {Edh (Cu(InAl) Se2, CulnGaSe2,

Culn(SeS)2.

2. Eg~1.12eV {}¥r T

(AgCu) InSe2) D BLR & 7k

XN, H2 11, CIGS FRBEMORRD N
N¥ v v 7 Eg kIFMEE R T, BEg ~1. 4eV BE THEHMFRDHF TE 528,
SO — 7 2o, M2 201%. CIGS 3

X2 1Rt L9
Sa K B it o> B B 75 T Voce

DAY RE Y v 7 Eg fKFM % 77, Eg~1. 25eV TlE, Eg/q-Voc=0. 4V FL & 72 73, Eg~1. 3eV
TiX. Eg/q-Voc=0.5V, 1.4eV TiX, Eg/qVoc>0.6V &, N» R¥ -y v F#NL iz, #
FHEHD Voe BEBRT., DRETLR->TVDH, K232, HESH TS CulnSe2 O
RMaHENT 2 7T, Evt0.8eV O RMaHENT 1T, VA RX v v FHEClx, ZHEEND I R
LT, BREAFLEBMOENTD EDRENRIBEXENT,
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Kax MeoBREIZ, HEROa AN T GALV—T y N RETunvAHR, T7
A, FHIEREODEY 22— Va A NOREBNLETH D, KX Meicm 7z, CIGS IHMEE
DEREIZONT IRz, CIGSIEMEEZ 2um/vb, lum, 0.5um, 0.2um &7
i+ 5 & BhRIT, 14.0% 05, 13.9%. 13.7%. 9. 1%~ Wb T5, ~v~x—V A
b (77 F ¥ —BESCERXHNEERE) ITXV, 0.3TumED CIGS BOKBEM TS,
HENT.5NBELZER L TNDLEDOETH D,

(2) M. Gloeckler (First Solar) | “CdTe Solar Cells at the Threshold to 20% Efficiency ”
LT, CdTe KEGFEMD =2 — L 33— FEIH 19. 06% 2K L7 Z & 2 8E LTz, 1993 4£~2003
FED CdTe B ABNED S —4 > b 19.0% (Voc=900mV, Jsc=27mA/cm®, FF=T6.5) |Zxf LT, 2010 4B
BECIE, BAZIEE 16.5% (Voc=845mV, Jsc=25.9mA/cm®, FF=75.5%) . BpEN—ZDE Y 2 — /LR

(Voc=791mV, Jsc=19.2mA/cm?, FF=62.2%) Toho7-, D%, 2012 FIT, B/ 17. 3% ZZERMK L
7223, IS, GE 23, 2D 18. 3% & FEBL L7z, 2013 4F 4 A1, First Solar 1%, B/ 18. 7%,
SVEST. 19/05% D= 2 — L 21— ROB AR EZER LT, BoROEhER CdTe A& O Eelk % £
EOT, =7y MhFERLH LT, £61Z7-7, TC0 DR T, MR (300nm~400nm) O H.i%
WAUE SH, Jsc=28. 6mA/cm’ MFHIL TN D, Voe BEICIANT, R, B, F—vr 7, 2228
DREFE AL, GE @ Voc=85TmV 1% L C, 872mV ICHE SN TN D, DEF v U T HEMDOLEN Voc
DOmE EIZH 27203 Y . 903mV AN TWNWA LEDETH D, Voc tiFE (L, FFLEIZ H O N 5, £
Va—VRIT, 16, 1%ARRE S, BER—ADEY 2 —ABES | 12%52 5, 12.3%, 13%~&
YWETETHH, TV 2—/L@hRE LI, BIIRFUER, BREE. 27 74 7HEOREPILETH
Do DX =4y ME B 22% (Voc=920mV, Jsc=30mA/cm’, FF=60%) & A7,

F6 ITEOERER CATe KIGEMOKMEL X — 47 v FEhFR L O LER

GE First Solar First Solar Target

Voc (mV) 857 852 872 900

Jsc (mA/cm2) 27.0 28.6 28.0 27.0
FF (%) 79.0 7.7 78.0 78.5
n (%) 18. 3- 18.7 19. 05 19.0

(3) T.K. Todorov » (IBM) iX. “High-Efficiency Devices with Pure-Solution-Processed
Cu,ZuSn (S, Se) , Absorbers” &L T, CZTS & AKBHEMIZ OV TR L7,

CdTe < Cu(In, Ga) Se, (CIGS) 1%, E#h3 TR = X N OERCREGEM & U CTHIfF S 4v, 456 1 ~2. 5GW
DHEFEL~UL| _a%zao L2rL, CdTe X2 CIGS X, miffi CEPREIZHIKIAH D Te, In X Ga THEEL S 41
TW5D, Bl ZIE, % 13% D CIGS BATIWAEEEZITIICIX. 4 H b In BXHLET, 2010
D In EFEE# 600 T, TAATLATHBFETHO InDEEEZEETDH L. FEFE 10GW LL
TOCIGS AL END, Cdik, EE&E T, MK, BRoNTHHOAITHIR S5 EH
DD, CdTe R° CIGS IZfb @B/ MG TE, BEER Va4 RER K&k
& LT, Cu,S, FeS, (pyrite). SnS =X Cu,ZnSn (S, Se), (CZTSSe) 72 ¥ 3 db 5, AMFZE L. CZTSSe
WCEBLIELDOT, 23 10%LL Lo CZTSSe KB EM EBUZ M 1T 72 B0 M A4 &k 7=, B E
BIZIE, 1988 D, FR (FINK) NHE, KEGEME LT, 1996 FED0 s (&
M LHEmE) NEBRIT TH D, IBM TH, MM B D Kk (Cu/(Zn+Sn)~ 0.9, Zn/Sn
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~ 1.2) . K3 600nm & D CZTS WL & %
A v % £ 8.4 % ( Voc=661mV |
Jsc=19.5mA/cm® . FF=65.8% . [ f#
=0. 446cm*) BNELNA TV, DKk, T
SR RTIVUVEROANAT Y v KR
HeFEEZBRRE L, N KX ¥ v 7 Bg Hl#
DI, Se BAZEF L. 2010 121,
MR 9.7% (Voc=516mV, Jsc=28. 6mA/cm?,
FF=65. 4%, [ f&=0. 44cm®) 2843 7=, 2011
H\Z 1L, CZTSSe (Eg=1.15eV) Z M, %h
2 10.1% (Voc=517mV, Jsc=30.8mA/cm?,
FF=63. 7%. M f&=0. 45cm®) N SN TW 5,
— 75, CZTS (Eg=1.04eV) ZHWTH. [A
Czh= 11. 1% (Voc=423mV. Jsc=38. TmA/cm?,
FF=61.9%) WN&E 56N TW5, CdS/CIGS &
L DORFEDEWD G BEIX, FF & Voc
Thh, BRE LT, BEIHRGTO S FEAE
° CITSSe HOXRMals ENEZLND, b
B x V7 HamEE T, CZTSSe @ 3. Ins
(2% LT, CZTSe Tl 10ns TdH 5, CIGS
TlX. Ve, (0.03eV) OEWT 7 & FH —
R a DS BB TN T2 A3, CZTSSe Tl
Ve £ 0 B Cuy, (0.12eV) DEWT 7 &7
2 — KM hNTWnb X5 Thd, 2012
3 AT, EENL S, MoS,/Mo FMK E
® CZTSSe (Eg=1.12eV) Z H W %h=K 11. 1%
(Voc=460mV, Jsc=34. 5mA/cm?, FF=69. 8%,
M fE=0. 447cm?) BNELNLTWVWD, KT,
[A T 11.1% (Voc=474mV, Jsc=32. SmA/cm?,

FF=70. 7%, Mf&=0.45cm®) NG5 T 5D
23, Eg/q-Voc>0.67V & KX\, X2 412,
CZTSSe K5 O Bt~ LR M. 20 Rk
FERRME A R,

(a) 60

50
40

0+ cA1

I T T Y T
- Dark J_V
— Light J-V

= N
(=T =]
T T

J/ mA/cm?
B 3o

(A
(=1
T
1

A 4
(=]

11

(b) [ececryecem 1
VLYY 10

Joo

—cC1 ’ \ .

~
1 1 1 1 1 - |

200 400 600 800

A /nm

CZTSSe K 5 & h o> & it — 56 & 4
ML o7 IR R

1000 1200

X 2 4

KT ERNECLTSSe KBy & D/ R v TR 4 F 72 CZTSSe KB DT /A A Keik
Cell Eff FF Ve Jse Ry ¥ A% Eg Eg/q-Vy
% % mv mA cm™? Qcm? eV \
c1 11.1% 69.8% 459.8+% 34.5+ 0.40 1.5(1.3) 1.13 0.670
c2 10.8% 68.7+ 456.9+ 34.4% 0.60 1.6 (1.3) 1.3 0.673
3 10.9 66.6 468.8 35.0 0.55 1.7 (1.3) 1.3 0.661
c4 106 67.0 469.6 338 0.47 1.7 (1.3) 1.13 0.660
cs 1.1 60.7 460.6 346 0.52 16(1.2) 1.3 0.669
c6 108 627 447.4 86 0.76 2.0(1.3) 1.09 0.643
B1 9.5 64.4 4496 328 0.50 1.8 (1.4) 1.13 0.680

+#Values measured and certified by Newport; ?Rs; and A are the series resistance and ideality factor determined from light J-V data using Sites’ method.”2) The values in

parentheses are determined using J,—V,. data.”’]
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F 7T, EANR CLTSSe KRB & RS D/ R v ThPEH V2 CLTSSe KEFEMOT /31 2
FEPEZ R, MBIO RS PRI, R RMIIRIEL 72 EDRRE & 5 2 B, LBIC<° PLEFT A e &
T2, CdS 1D D IngSy IR ED/Sy 7 7 FAOBF bIED TN D L DHFTH D, Voe=520nV 72345F i
FUEL Zh3 12, 5%I3AT\ N S AT,

(4)H. Hiroi b (MFfav =, Y—F—7nva 7 47 )1X. “ HighVoltage Cu,ZnSnS,
Submodules by Hybrid Buffer Layer” & B L T. H. Sugimoto b (BBFfnv = /v, YV —
F—7nuv7 47) X, 7 Lifetime Improvement for High Efficiency Cu,ZnSnS, Submodules
CLELT, CZTSICHET 2 REDORMZWME Lz, K2 512, CZTS, CLTSSe 7 E Y = —
ND I-VEMEZ RS, ARy 2 U o THEFEEZ AW, CdS /Ny 7 7 B R In,S;/CdS ~A 7V
y KRRy 77y BB XOWIE KB, TCO (Zn0:B) /In,S;/CdS/CZTS(& 2% I
CZTSSe)Mo/glass D l4em®* DY 7L 22—/ T, K&, HHF 9.19%., 10.8%%2H T35,
E7o. PLEAT 72 4, Voc FERGEM A MM EOfE#H & LTno,

20 30
Tas b CZTS submodule " 25 k| CZTSSe submodule
£ Eff=9.19 [%] E Eff=10.8 [%]
2 J,.=21.6 [mAlcm?] < 20 1y, =33.5[mAlcm?]
E10 F|V, =708 [mVIcell] E 15 }|V,.=502 [mVicell]
a FF=0.601 40 |LFF=0.640

5 | with anti-reflection coating With anti-reflection coating
Aperture area: 14.0 [em?] 5 | Aperture area: 14.0 [em?]
7 cells integrated submodules 7 cells integrated submodules

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600
Vicell (mV) Vicell (mV)

25 CITS, CITSSe 7 & ¥ =2 — /LD 1-V F¢ik

6.3 III—VERIELEDMELELUVELEKRBENR, ED2a—ILN%H

it, 2 < OAERZEN, TTI-VI—Z2DOHEN KRG E (CPV) ¥ A7 L0 b Z B L

TWb, ZOERBEHEELT, KOARBIT oD,
OQITT-ViEE V&2 AW LT RBEMITI0% U EOoEmRALEEBE L T, EWFR,
40% U EOFBRET Y 2 — VORIANAET, HEHICHEOR NPV AT LAzt TE 5,
Q@PVIEHBY A XD ETHMELTHEY, KV KRBER AT LOEBNEAI L, CPVY
ATLABRELTWVD, @a A MICHLAEDLRRBEPVEM~DOELELIZL LTS Z &,

(1) M. Yamaguchi. (BETK) . A. Luque (UPM) I%. ” Outline of Europe-Japan Collaborative
Research on Photovoltaics” EREL T, 20114FE6 A 1 HM LB STz, 2 6127 AKX
B38BT 2 ARKILFEIMFZERRSE ) OMIEL L | S R 5 mERIbE IV E L4 | 56 K
MO T 7'a —F 2o Tk~ 7z,

2 712, HEEEKBEMOmNF(LOBUK L BRZ <7, Gads, Si. InP, CIGS, CdTe, fa3.
AR, a-Si T, £ %, 28.8%. 25.0%. 22.2%. 20.4%. 18.3%. 11.9%. 11.1%. 10. 1% &5
LTS A, HEEG RIGEM CIL, 203 30% MR CTH 5, 111V IRILEW-EIR DL 86 KI5
DOESENEIL, K2 8ITRT L DT, 2hE 50%LL EO#EE#ZE/ & 50 /W ELT DK = 2 MEDSHIFF
TE D,
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EU-Japan Project “NGCPV"‘

A New Generation of Concentrator Photovoltaic Cells, New Generalion
Modules and Systems

Aim of the Project “NGCPV” C PV

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

: Daido
and BSQ
M. Yamaguchi ( ) & Y. Okada (Univ. Tokyo)
A. Luque (UPM) & A. Bett (FhG-ISE)
- ('G‘EDO . EPV Ffaunhnfer ‘5 mmé‘t
X 2 6 ré%ﬁ‘é*"”itl%ﬁ‘é (2RI % BRI [EIFZERR S | O
3.50E+01 -
GaAs

3.00E+01 -| Eelq 03V

2 50E+01 + Egiq- 0.5V
—_ 1y-Si *
S5 2.00E+01 B CIGS CdTe  Egl/q-07V  InGaP
z e
=
o
'S 1.50E+01 -
: Z

R a-Si
1.00E+01 - Orgamct A “Organic &
me-Si | | CZTS
5.00E+00 : : ‘

1.OOE+00  1.20E+00 140E+00 1.60E+00 1.80E+00 2.00E+00

Bandgap Energy Eg (eV)

2 7 HIEAKEFEMROEmF(EOBUR & R

Price experience curves, Siflat plate and I1I-V CPV

10 Euro/Wp

# assumption for
concentration PY:
price (£) = 1.5 costs (€)

application area: * ¥

Southern Europe, 2 |25€MW,
Northern Africa. 2010
60 - Cr systems =1 MW “
o *
o 1
T T
= 50 o 1 10 100 1.000 10,000 100,000
é O cumulated power MWp
= .
g O Source: PSE GmibH, Concentin GrmbH
g o ®
'E 40 z L ] ). Luther, AW, Bett, B, Burger, F. Dimroth, 21st EU-PYSEC (2007).
2 o o)
E e 0 Cone.
£ g—*——lorm
@®Realized (Conc.)
# Realized (1-sun)
20 L L L L L
1 2 3 4 5 6
Number of Junction

28 TV IRILEW RS A KB ORICEEIC L SBmAHRIL L {Ka 2 MEOFTRENE
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AKT7v =7 ME K2 61RT XD, HEROFMZEDH I LY | LICKEEFEEOHZER 5
EEbONME AN -T2 b D TH D, K7rY =7 N T, v v —7D3P% L7z InGaP/GaAs/InGaAs
3HREKEMOEICHRFEA FhG-ISE THIE 4L, K2 91TRT & 912, DWiilt, 250~300 54
HF T 44 A% DIRIREDRBEF L TND (20186, U IZT LAY U —2R)

Ty —71%, K’ 3 0ZRT L DT, JElZ, InGaP/GaAs/InGaAs 3 B4 KBEFEM T 37.9% &, FEE
BIE T COMFURmDREZER L TWDH25, Al EEGEHE, BT L OVCHEK DR Z 137>
ST, BT THIREREDELERLLIZL DO TH D, K3 11%, FREKGEMO @SNELOHR %
~T,

Fo, KFERHMIT, K70V =7 MZBOT, IPMREIRA L ORISR L LT, 303en’ 3
TEY2—/LT, R34 6%EEHLTNDELDOETHD,

44 4% Concentrator Cell

90— BRI TR
ol S
CPV cell (4mm x 4mm) = =,
= 80
% Sharp IMM V2162-31
£ T=25°C, area: 0.1625 em* '\
T 70 Apnil 2013
& TD_ P-” il factor Mgy = 414 %0 1 250 - 300x
Aq | —=— efficiency ’/__..‘- g
— - -
£ -
=ADF /’/ —_ 4
H — = Fraunhofer
s — e \
.
] U VPR
1 10 100 1000
Concentration [x, AM1.5d, ASTM G173-03, 1000 Wim?)
08 : T
07F
£ Sharp IMM V2162-31
a D6F C=302 T=25"C, A=01625 cm*®
? —os (1x: AM1.5d, ASTM G173-03, 1000 Wim?)
£l le=T108mA
g V. =3.585V
001 P =227TW -
FF=872% ==
02 =1
ot =] Fraunhoﬂla‘:
01
April 2013
0.0 L L
1 2 3
SHARP Votage V]

X299 Iy —7BROMAREELZ InGaP/GaAs/ InGaAs 3 4 /L DEEENE (FhG-TSE THIE)

New Record Efficiency at AM1.5G, 1sun

I-V CURVE

IECE0904-3Ed.2 1.047 cm?(aperture area) WHSS

20 reb 2013

18 60

t
1
Pawer  (FW)

vetage (5 B AT
SHARP

X3 0 FFELET TCOMIREERIZR InGaP/GaAs/ InGaAs 3 #EA KB EM D 1-V Heik
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Best Research-Cell Efficiencies :E NREL

% 44.4%
Multijunction Cells (2-terminal, monalithic)  Thin-Film Technologies Spacirolsh Fraurhaler ISE  Boging.
48 ¥ Three-junction (concentrator) ® Cu(ln,Ga)Se; i, 454x) Scler (cnnc)
W Three-junction (non-concentrator) oCdTe \\[lmm s Junction
A Two-junction (concentrator) © Amorphous SiH (slabilized) ) ~, Samiconductor (hﬁ";’g:;‘u' .
44~ Ssingle-Junction GaAs #Nano-, micro-, poly-Si Boeing-Spectrolab  Boeing-Sp \ <Emv
(metamorphic, 179) . {metamormhic, 240x)
ASingle crystal ;:?;::;an palycrystalling P \\H\ < 37 9%
|- AConcenirator (inverted, metamorphic) - T ; tice methed,
40 ¥ Thin-fim crystal oDye-sensiized cells -~ NREL (e, et -
Crystalline Si Cells @ Organic cells various types) ] =T (N, 1-50m) EEERD Y .
3B wsi A Qrganic tandem cells NREL brveted e’ _ ~
= hsﬂll.nlﬁile t:r);ltl_al «norganic cells L) Sham (M, aun) (1 Sll]l]
crysialing OCuantum dot cells NREL/ Lot mee e e T FRGASE (1-5un)
sp|- ® Thick ifim uartur dol ezl Jagan  Speciuia - -
= ® Silicon Heterostructures (HIT) o
§ W Thin-film erystal Varian 24.7 /i
% 28 e A Thed L HIT
SR et LW (HIT)
[ih] [lz]
SAC mm oo ®
£ | (el -
M2 — :
. First GE Global (g
Naiona Westing B soim Lo 3
NG
16 = Univ. Ll Wi " R
s T o% ) tsubishi
Mol Stte Univ, e/ B RREL ey NFEL NSO R I o Solr Chemia
Sclar Kodek Solarex I~ NRELEWO-CIS Uniteg Solar ‘;‘" %mramfeﬁ (CdTeiCls) [ ) fCZ'i"N&Se] 3o
121 = i O Sherp, [ g v o ~
> T
Matsushita EPF/I. l(afeka United B ~= %Inm.;n 41
Solar o emi
8- epm N
> on gess) - P2 uoLA
— Universit i, of
4 of Mainey = ‘l'er
Uniersity Linz @ (jqiuersity Siemens  Dresden — NREL FOSCO)
RCA i (Zn0PLS-0D)
1 L1 I T Y N N N Y I T N T T N O I T I.l_mz I T T T TN T S TN I T
1975 1980 1985 1990 1995 2000 2005 2010 2015

31 AHEKEMLOEZFRIEOHER

(2) H.Atwater (CALTEC)i%., “Full Spectrum High Efficiency Photovoltaics” & & L T, 'L —7F Vi
EEiTo7-, BIRD 5. (2) O@dAdvanced Research Projects Agency—Energy (ARPA-E)
uvxzl MIERERENET —~ICETIEERTH- T2,

ITT-VIEAL & W 8K O = 2) 34k D iz Ak

(Alta Devices @ GaAs 3 i &=z /L T zh &
28.8%) & N — A2 L T, 2hHF40% L kT,
Koz Mb (< $0.5/W) % [RIRFICER L
XoEtwnos b0 ThHD, Full Spectrum#
HolzbdT, K3 21T X, K&
EEFHLELL, 7R (T XA, #
B DWW ) A —LDNjFT 4 VI
—. Ar 7T LE) CERESBEL. MEO
B BH6~16DY T E L TZHTHEDT
oD, T EALELT, Bl 2.13eV

(Al1InGaP) /1.84eV(InGaP)/1.65eV

(A1GaAs) /1. 42eV(GaAs) /1. 15eV (InGaAs
P) /0. 94eV (InGaAsP) /0. 74eV (InGaAs) % #& 32 |EOENITRAT A
ZTCWDHEDETHD,

500(4£ )6 T, 45% WA FEL DHETH 5, ELO(Epitaxial-Lift-0ff), Yo it, 7 &~
TV E, HaxOEINEBNAMLET, BHET, CPOXHICEBRTL0NEMAKMEICRT, FE
WILF v LUV T REIRTH D,
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6.4 #HRSIKEFGEMDE :

(1) J. Zhao (China Sunenergy) I%. “A 20% efficient PERC type cell and prospects for
the future of high efficiency cell technologies” ¢EL T, L —F VEEEZIT- T,
ﬁ%ﬁﬁ%ﬁ@@ﬁﬁaﬁﬂ4fwg & LT, i dhSioK R 7 #h o> bF 5% BR 3 0 JiE 5 73 ik~
bivlz, X3 31, MaSIKGEMDmIBIDOEEZ RS, HAFTE L TV UNSWIZ
I%MWWBMWMUVwmwﬂny%ya/\MEV?UV?T@%WJ%)u%\%
NEALICEBRL TEXTW5D, 19864F 21X, PESCE /L (oxide Ny v _R—T g v w7 Rr )L
— 7 & AL RIS X SRR TR ER20% &l A 7o, 198841213, PERC
(Passivated Emitter and Rear Contact) B/ DRI, ZhL22. 3% DV EKRIN TS,
X 3 2121%, PERCE/LDOHEE, R & FiE 2 R,

% PERC cells (UNSW, 1988)
0 First 20% cell —__ * TCA processing to preserve lifetime
+ UUNSW * Un-diffused point contacts thru rear oxide
. » Double diffused emitter gy (I panice
3 ® * Inverted pyramids
3 . 200, / 4 Y
& 10 ~Voc: 670-705mv | |
—Jsc: 38-40 mA/ecm?2 TR s
5 —FF: 81-82%
<>_/j = AW, Blakers, A Wang, AM. Mine, J. Zhao and MA. Green, “22.8% Efcent Siheon Solar
Cell”, Appl. Physacs Letlers, Viol. 55, pp. 1263-1365, 1969
0 —— M3 4 PERCE /L OMHEYE, Hri L Kk
S 8 8 R 88 8 8 2
B 3 3 fbdhSiKEGEM O &%= D%
1
19944812 1% ., A H L& 72 - T, PERL PERL
(Passivated Emitter and Rear Locally * Boron point-diffusions
~diffused) Z /L3RR I U, 19994E 1213, * Improved mvrerted py_ram_lds
S04, 7% 78 ‘%E}i Shb . ZO%. A » Improved oxide passivation
5(\ 45‘ . 07N 2E Co /f N N . . double layer fingar e pytamids
« Grid re-desi wrahoctcn S
- . o1 (e gan o 7
MU RE LI VEIER25. 0% ITEE S . 24-25% s
TW5, M3 5121, PERLE VO &, % —Voc: 700-715 mV
—Jsc: 41-42 mA/cm2
e FrtEzmd,

- FF: 82-83%

reat contac
* ) Fheo, A Wang, P. Altermatt and M. Green, ‘24% efficient silicon solar cells’, 24" IEEE PVSC, 1954

X 3 5 PERLE /OIS, Hik L Kk

CSUNT X, PERCE /VAEFEIZ AT CHINBEIEZHED TW5DH, Si0,OFE/Ny v _X— g
& SINDARMEE, HEHSi0,/SINZJE /Ny v _"—3 g 0 Rili, Bme b, 27 U —HklAgh
HEIZAL N — X WS L, 156em*E /L TE1#20.3% (Voc=656mV, Isc=39.7mA/cm?,
FF=77.9%) PMER I TWVWD, TV a— A Hhb, 2T5WEIZOBIRTH D, @ED = ¥
7 N ORERBRSCELA, A —VHIZL D0 BRI, FFOEEL TN TS, Bifacial
EABELRFT S, ENE21.56% L DFETHDLH, RiiAga ¥ 7 b, T 7 AF ¥ —
. Si0,/SiNFH, BHE/ Ny ¥ _X—y a3 nxm3I v — p-SiN— X p-BSF, EfAgAl
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a7 b BEIEZT7 Ty M A7V —VHBMAZY =g R EREREINTH D,
AR Ko T, 40% DO M ERRIAENDEDOETH D, BRI/ EM/ X
N M /BT ML, 4 &~ . 337W/368W/393W/448WoD H 1T W . Bifacial &/ fEiE 1T HE )
EDRMRETH-T=, HHIT. ALy v =TV a3 A4 VHFEA, BSR, L—F — ¥ —=
VUL GaR—7CliE . FICHALAH DL XD T, THMRHNTIEH DA, GaK— 7200 u m/E
CZy = &, 2h%21.9% (Voc=680mV, Isc=41.6mA/cm’*, FF=78.6%) %Zf&HC\5b LD
HETHD, 20145 121%, PERCE /L, bifacial® /L, HibH TEOMWEFELZBEBT 5 TETH

éo

(2) FESLSIKMEMIZE T A Discussion Sessiond & H X F17-, UNSWOPERLE /L. 4cm2
T. ZhZFE25.0% (Voc=706mV, Jsc=42. TmA/cm?®, FF=82.83%) . SunPower?3. 158. 9cm2® n-Si
DIBCE N T, Zh3#24.2% (Voc=721mV, Jsc=40.46mA/cm?>, FF=82.3%) DOHIRTH 5, ~
TREST G RITOMETH D,

M. Taguchi® (Panasonic, Sanyo Elec.) ”24.7% Record efficiency HIT solar cell on

thin siliconwafer” B L C, HITKGFEM ORI EZHRE L=, X3 6 I1ZRT XK HIT,

98 u ME ? 10cmx10cmtE /L TRIZE24. 7% (Voc=750mV, Jsc=39. 6mA/cm®, FF=83.2%) % EKX

LTW5%, IBCE/, PERLEAL LD | Ny v _R—va U R EERLSICLY . BUVBK

Ui FEJEVOC=T50mVS A L T 5

1

24.7% with large-area (>100cm?), thin (984 m) HIT cell

I-V CURVE
IECEO904-3Ed.2 101.8cm? (Lolal area) WXS-2208-20

\-.:j.- W) o - Alig’

Panasonic
Panasonic, News Release (2013.2.12)
3 6 Panasonic (Sanyo Elec.) (X bd==z—L a— Fzh*24. 7% D
98 1 m/E D 10cmx10emHITA 5 7 #h o> T-VER I

% D14, ITRPV (International Technology Roadmap for Photovoltaic) = — N~ v FIZEESW T, i
D& NTz, B, v— K~y ZITRPVOE4RIL, www. itrpv. net CTATTE B,
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http://www.itrpv.net/

6.5 7EILIF7R, F/ /A4 0KRBREESIKGENDE :

(1) A. Feltrin® (Kaneka) 1X. “Recent Progress of Thin Film Silicon Photovoltaics”
CELT, L —TF VU HEEIT oo, ST PVIZ, KHBEPVICHELZ b0 L L THIfFSN
TWARG, ESOPVH O RMAREIIHIETE R LT D, BT, F92FTH
7o BN B, RSl 22 MEBTH 5, EESIKEGEMOBUR S H®E S,

F8IT., M EHMSI KIGFEMFFIEDFEET — ¥ (Solar cell efficiency tables
(version4l); M. Green et al., Progress in Photovoltaics, 21, 1 (2013).) %7,
a-Sit /L, ne-Sit /D@ EENMLFIL, lem’FEE O/ NEFE T10. 1% T, Oerlikon Solar,
KanekalZ & %, KanekalX., a-Si/nc-Si2 &% 7 A0 /hEfEtE/L (0.962cm?) | 7 %E
Vo —Jb (14.23cm?*) OEEAF, F 42, 12.3% . 11.7% % LUAT, ZEE L TV D,
a-Si/nc-Si/ne-Si3EEH X T LD/ HEREEI/NL (1.006cm?) T, LG ElectronicslX., &ZT
23 13.4% % R L T\ 5, UniSolar 34EA X 7 A THIMENHEL6.3% (K3 7) %
ER L TW5,

8 IS KBS T R O R E 7 — ¥

Classification” Effic.” fraa® e g £Fd lest centra” Descripton
(%) fem®) ) irajern® (%) {and date|

Armierpinausd
Manocrystallineg Si

i lamorphous) 101 £03™ 1.036 @pl  0.886 1678 678 MNREL {709  Oedikon Solar Lab,
MNauchatal [26]
51 Inanocry staling) 101 +02" 1.18% (apgl 0.539 24.4 FE.E  JOA (1297) Kaneka {2 pm an
glass) [27]
a-ainc-sa'ng-31 (thin film| 134 £ 04" 1.000 @apl  1.963 52" 1.8 NREL {712} LG Electronics [15)
a=5i/re=5 (thin filrm esdl) 12.3 4= 0.3%9 DaB82mpl 1.385 12.83 a9.4  AIST {711} Kanaka |29|
a-5ifne-5 (than tilm 1.7+ 04n"° 1423 lapl 5462 2.899 1.3 AIST 904 Kanaka [30]
Subnnooule)

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

16.3 % initial efficiency recently demonstrated !

2 10
J ’ 08 4 28.6 mAfcm?
[} 03 -
2 . R 07
- V2242V
E FF=0.771 0.6 1
2 1943 mA/em? Y os |
E Eff=16.3%
= 04
03
. 0.2
0.1
10 0.0 T ¥
03 00 04 Lo L5 20 23 300 500 700 200 1100
Voltage (V) Whavelength (nm)

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

X3 7 UniSolarlc k% 3#AHEEESIZ 7 At O I-VEM: & 45 6 8 e

a-SitE/LDOLLIE, FET 7 AF ¥ —=Clight trapping, HmH ., FHEBERD
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WU, HERR E~OMENB D57, Kaneka SOLARTECH Corp. Id. 19984 (5% 3r
I, 120MWDAEFERNTZAT D, BE, hFE10.5%DIBINE Y 2 — A BAEFEI N TV D,
WIWIZhR11. 7% T, 183WHIHIH £ 2 — /b (1.42x1. 1m?) bR T, Y@, roof-tile
728, roof-topiidhy, V—AN—FETVa— LEFHARNELLTWVWLLEDHETHD,

NEDOZ' BB ¥ =7 FDO#EHESIi-PVa v Y = 7 LAOMELEN SNz, @ ANL—T >~ hGED
VHF-CVDZE & BH % (B £ 2. 3nm/sec T, uniformity< £8.5%) . X {L#H], a-Si, nc-Si
TABRELCHEBL ORI ST, AISTIX., ne-Sid/MNEAEE /L (0.997cm?) T, &E
fb%h210. 5% (Voc=521mV, Jsc=28.2mA/cm*, FF=71.5%) Z M L T\ 5, #xiT. EPFLIL,
15.9% % #EHM L TWAHEDHETH DL, REFMEIZONTHAINL, a-Si/a-Si¥ 7 5-0.2%
/K. a=Si/nc-Si% v F 25-0.35% /K, Hf5ibSi-0. 3~-0.49% /K. CdTe-0.27% /K. CIGS-0. 37
~-0.45%/K, Th s, ZEAILIZHLERL, ¥YIalb—Ta Tk, 4EGF¥ T LEL
T, WFE20.3%BHA I N TWVD,

REIE, BV 2 — LV OREMDFEIGN U L, (VD= X MER, AV —7" v b yield, a-Si
DIEHEIH, R ETH D,

6.6 BERABENLDE

K. Leo® (Tech. Univ. Dresden) |&. “Recentprogress in organic solar cells: From a lab curiosity
to a serious photovoltaic technology” & L T, v —F U ikiE 21T > 72,

Konarkatt iR F 2 F, Fx OMEANRS AL TWHHIRTH D, AHRKEEMIZ. K
miElL, 7LvX T AT TN KX MEORB AR T 5, RIEOOLEDIE, AR K
G ~DOELEML EIFTns, LrL, AKEERIL, BoF) I~v— K ~v—
DFENTIYL S E ik, KBEEE, KIEBREICIVERGRTHD, N ~T7afEs (BJT)
REL T LMEDOT e —FRAENTH D, EZEHERIT, IWHAE, ¥ A ERTEE (R
w5 b 7evy) | KREfERE iR, 2 X MEBOFRTREMNE, e D Ll L =,

INET, =ZFF, KO FRTHERI%ZFEIL TWD, Heliatekid, AR F
T A TENE10. 7% UCLA/ERALFIE. @y %% T A TRhH10. 6% Z R L T\ 5, 2011
£ (2 . P3HT/PC60BM ., PVNTNT/PC60BM O #1 &+ & b & T . %) R 7% . P3HT/PCT1BM .
TC60BA/PBDTT-DPPD #L A & T, #h%9.36% 72> 7=, 20124, UCLATIX. P3HT. {F A1k
D & oy /W G R 900nmAS B D R AL T L 202 10.61% 215G TW D, SR Tl Eg/q-Voc
=0.4~0.5V722, A% TIE. KEgHR T, Eg/q-Voc=0.7V, EEgH T. Eg/q-Voc=1V&
REL, @R OEFELR>TWVWD, BRRTIE, FF12.3%DIIKRTH 5,

BT AMEDTDOMEIOT 7 —F R S 47, Conjygated A-D-A AU I~ —
DCV6T (JE%: % v v 7Eg=1.55eV, Voc=0.87V) <°HDRO14 (Eg=1.77eV. Voc=1.04V) . ZnPc
(Eg=1.46eV, Voc=0. 6V) 72 ¥ T&H 5, HeliatektL Tix, T 7 2 EK LD Z NS Dp-in—H§
EIZk Dlem®Z VU F A APER S, #1510. 7% (Voc=1. 71V, Jsc=9. 23mA/cm?, FF=67.8%)
NELNTVWD, RT1I2%BPELNTWVWDLEDETHDH, BESHCANE T, BE L L
iz, IR ERDLEDOETH D, 122cm2OY T E Y 22— LT, BEHZIERI-S% TH D,
FEMELmF I TV 5D, Heliatekth Tix, Wi A 7 A& iX, 20% 8L LD &k~
T, #WiEax LT, $234~$375/m2iE S TW5, e LT, @A,
TR TEHMEL AN LEEHES, B, BRSHREEZEZE X TS,
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HHRKEBEmMZEZERBEWRICT201E, BARRIB%LLE, Y 2 —A2hEK12%LL LR
BEThHAHI,

6.7 FEHAABENS LU RATLAE

R. Walters® (NRL) (%. “TacSat-4 Radiation Environment and Solar Cell Degradation Correlations
Using Onboard Experiments” & L C, 'L —F U iliE 21T >7, ONRENRLO L : TasSat—4
1. 20114E9H 271247 BF & 4v. HEOHLE (70kmv12050km, 63.4° ) Z#i4T L T %, CEASE
AR AN b A — 22 X2 B RREHA & TTT-VIE 3 824 K5 B o 1-VEFPERE Al 2 3 1
LT, MAHBEEm NS, MARBERET AV EMET L2125, KEGEMEMEERT
i, PRIV KRERELERL, TTCICIvyya v HEMOLSICHEL TS, CEASERMSH
FRANZ b A== K53 TIX, B MESE T 7 /v (AE8/AP8) ¥ X OV ET IR
(AE8/AP9) XV @ W IRE DG F#f LANRE OB M2 M L T\Wb, CEASEF — & L NRL=
— FSCREAMZ IV, BB EET LVOMELIT-o7-, X3 8%, HEOHLE L KBEM T L
A DOHIETFTOREEAOERLELETT VI DH KT PRI E O EZ "3, CEASEIS
AR ba A =2 2K RFNEFRHT A Z EIcL, PHRBERS ERX-TND,
TacSat—4DFEER 1L, FK ODHEORLCGEO-transferf 2 DO KGFEMT L A ICHAZTH Y | #LE |
WBHBEFHNEETCHDL EE LD,

® Real Data

Remaining Output

Prediction by APS8
0.6

Prediction by AP9

0 2 4 6
Month

X3 8 HEO#LE EKEGEMT LA OHENKETFTORBEEDOERELETT VLD H K
T & o g

6.8 F¥y>042)E—23v

T. Trupke® (UNSW) !%. ” Photoluminescence in Silicon Photovoltaics: A Cinderella
Story?” LT, YU —F Vi ZTo7, MV a v KGEM, ., Y2 —b
D FEFERLREBRE T, 7+ P Ix vyt (PL) MIKH l_ﬁbﬂéiﬁmﬁof‘
W%, PLIC X 2 REATA#AT O BERR Y 72 B D B L CLUX 3 9 {277 3719544 D van Rosbroeck,
ShockleyPle D FE A2 i iudd ., #BM E 7=, Electro Luminescence (EL) 4 X — 7
(=S 417&5‘5%@7» 7 (RBREmbER) BN ttE e L, SRNE, PLA A—Y

IR LT, Trupke D 7L — 7 OWFFEBH 3 O EE 2 R S 8E S iz, 200741213

UNSW’S:XI:/%‘7 L C. BT imagingfE MY I N TW5A, M4 012, #EsESidPLARY
fv, BREE L DX v U T FHm L OXFIEERT,
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Theoretical work
- van Roosbroeck and Shockley, 1954

dr), = C-a(ho)-(ho)* - d(he)

(hwo |

LT CXp| -
d’,P—?dI,F \‘(lr

- Rate of spontaneous emission at thermal
and electrochemical equilibrium proportional
to a(hm).

- Rate of spontaneous emission proportional
to np product.

W v Roosbroeck and W Shockiey, “Pholon-Radvative Recomibimaion
okas i Gammaniu
_®|mn51n3

of Electrons and ", Physscal Riview, 94 (6), 1558 (1954)
X 3 9

#F UNSW -
74 hVI xR (PL) #iE

O Gl fF AT D A7) 3 0> Bl g B9 i D 0
Extracting additional solar cell parameters

-Shen et al, 2013

] E r.p ﬂ 35
¥ . ¥i).
3

15

. = 29
L
il v d B
|
0

25

R [0em?] Jse [mAfem?)

- Extract solar cell parameters from a senes of PL images under
different illumination and bias conditions.

_G!imnginn

~ Shen et al, “Spasaly isobmd pholouminescence FTaping of eesenial sikoon S0l ool
nmmw ompanson s CELLD messuements” Sol Erery LA S0l Cel 108,77 (2013)

# UNSW -

B4 1 FEiddSiKEEMOEIHRIIR,O
GrAR & ARG EE IR E T D AR & D %

i fm S1H OO G A B R AR 5L, BB 72
E) RFeFEDEHBE D /3472 EBPLA A —
I ERERICEHm SIS L oI
725 TV D, KB R4 & PLA A —
T ORIEHLWA LN D0 Hh B,
il LT, K4 112, #idmSiKEEMmDE
FIHRBIR. D A & G E I E E ], D A6
DI, B4 2102, fE &SI o fin
FEWRBEEIoD 54 & hFE D 4546 & D%t
S ERT . S BT, fbsh SR E M o R
ETRIZPL A=Y 728 AL, LiE
BHMNeIhTnWaflE LT, K4 3I1Tx
T X DT, ERALE SR MR &R
SiAK B FE ML O %0 43 A & O K A FEAN S
N, v o@E@yl, Yo 2eflE TROK
WALSIE SN TS, BRI

24

Bulk lifetime on Si bricks
- Mitchell et al, 2011

ol e L
950 1000 1080 1100 1150 1200
 [m]

- Bulk lifetime on Si bricks from PL intensity ratio (two filter method)
- Absolute t, from two PL images, each measured in relative units

BMached, TTnpke, JW Weber, J Myhws, “Bulk minonty carier Wedimes snd gopeng of
o}
_ﬁhmnglng

“HUNSW-
40 FEWESIOPLARY kL 5RE LA
Bxx V7 FHa L Otk

Extracting additional solar cell parameters
- Shen el al, 2013

T

[T

i
£Foa e

- L e
Jg [1012 Afem?) Efficiency [%6]

ial PL imaging sy

- Implementation into cc
CShen etal, “Spasaly resohed photolminescence. imaging of exsenbal sicon solar cel
panumeters and companson with CE1LLO meseaswments” Sol Fresgy Mat Sol Ces 108,77 (2013

_@Emnging NSW_
X 4 2 &b Si KRS o fid Fn 8
Jo DA & N D oy A & OIS

www.facebook.com/PLimaging T A & T
x5,

PL Imaging in production

os §
-
0.4 __5 . Waferrejection
% il Waferspecific
2 3=p processing
iii. Line optimisation
Au

L

D'Slo:aﬁon bm

_G!imnging i UNSW—
X 4 3 HEALE O AR M IR FE &R AL ST
KIGBEBMDOIESHEOFINICLD U=

NGB 7 a2 HE TR O KaE b~ 0
74— KXy 7 DR


http://www.facebook.com/PLimaging

6.9 EVa—I)I-RTLRE

A. Woyte® (3E) (%, ” Photovoltaics in Power Systems: Legends, Challenges and Solutions” & &
LT, Vv —F URHEITo 7o, PVIZ, BB TE DM O EEE NP W T 725 EEAl
K&DOO%éoﬁﬁfﬁ\vax?Aﬂﬁk@% PV 8 38 5% 0D AF 92 BH 38 By 1) 23 3R <
bivlc, PVICEBm LS HOBEE LT, OB M FIZBIF D 3 A M MR,
5 Bk @tb®4/77x%77%¥~ i%é@ﬁm:wz ENDDH, —H
HARTZALELT, PVITENVATLALLTHRLIRETHY REXLEER A DT 17—
NN REER 7R EINLEXRETHDLEE LD,

6.10 EEMEREF

E.F. Hasselbrink & (SunPower) (%. “Validation of the PVLife Model Against 3 Million
Module-Years of Live Site Data” & B L C 7' L —F Vi 24T > 72, PYDO JR# 72 K D 7= .
EHEMEICRE T 2 BB ITICE S PV RV, %‘/:L“/V@{E&jaﬂﬁfﬁﬁgik é?h%)o
AFEH TIX, SunPower® ¥V 2 — /L& VT 5266 A7 A8 L OFESunPower® ¥ = — /L &
HANWTWDHITIV AT AN/ ONTZ80TEBAHEY 22—/ (B.2HTF - FORKER) I
BT 27— O RNPIRE S 7-, X4 41%. SunPower® ¥ = — /L & FESunPower® ¥ =
— L DL EIMERRT —Z IS v Ialb—Ya VO ROLEBERT, EF—F L
YIal—ya iR o—%ITE <. SunPower® Y = — /L%, front contact modulelZ tr
RTCT, Bl o v, 4513, TEVa2— LoV —rRORBERT, REFY.,
SunPowerE ¥ = — /L%, front contact modulelZ b _XT, U X — K%, HED AW,
46m\%9;~w®9&~/ BT 25 b HEZRT, EV2— LD Z—2D99% 1%
3ODHEBIZ X FIFx—vay (BV/URS/NCE) | Ny —EH IR, 77
/7%5@[‘%55\ “C“&)Z) front contact module®66%l%, £ v X —ax 7 v a D%
LD EDHETH D,

+ Good match between median YOYPIX data and simulation

= Current generations of SunPower panels show -2x less degradation compared with
previous generations according to simulations using PVLife (coefficients based on
accelerated data)

Data Simulations
SunPower SunPower SunPower
Previous generation panels Previous generation panels [E20/NE generation panels
0%
—_—
-4%
-8% W .~
-12% Front-contact fleet 3 1%
(Powerlight) ~
-16% :
20% .
0 5 10 15 20 25

SUNPQWER | 211 SanPower Caporaion

4 4  SunPower¥® ¥ = — /L & FESunPower® ¥ = — /L DAL L MERBRT —Z Itk v
Ralb—va ORI
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SunPower owns both back-contact (SunPower proprietary) and front-
contact fleets due to acquisition of Powerlight and Tenesol

SunPower Maxeon Il Front-Contact
(includes all E-series curently  {Powerlight installations of
in production) various mirs, + Tenesol)
Modules in field >8,000,000 800,000
Avg. system age 212 6.8
Return rate to date < 0.0050% 0.44%

Front-contact fleet age is on average 2.3X older than Maxeon Il fleet
Front-contact fleet return rate is 100X higher than Maxeon Il

Which modes are responsible for the difference?

WER | o0 musoms composn

45 EFVa2a— DU HX— O

Return reason entered in databases by dealers, installers, or O&M staff

1.0000% 1. 66% of front-contact returns are
MFront-contact fleet due to interconnection failures

SunPower Maxeon Il Fleet (includes corrosion and fatigue).

+ Reasonable agreement with
Pareto of Wohlgemuth et al*
(86% corrosion + interconnect),
and Kato? field study (28/32
sites ~10 yrs old show some
evidence of interconnect issue)

= 3000X lower rate for Maxeon |l
cells

2. Delaminations dominated by one
module type

3. Performance (often cracks) third-
highest failure for FC

0.1000% -

0.0100%

0.0010% A

0.0001% -

a‘}g‘ e \”o *Wohlgemuth, et al. (2005). Long Term Reliability of PV Modules 208

o European Photovoltaic Solar Energy Conference and Exhibition, (pp. 6-10).
& Kazuhiko Kato, “PVRessQ! PV module failures in the field”, NREL PV

N Module Reliability Workshop,2012

httpzifwww |Leere energy. gov/solarsunshotpymrw_2012. himl

99% of the difference is due to 3 “return reasons”

SUNPOWER | #2013 SexPoner Corporsion

K46 FVa—n1D)Z2—ICHT25EH

6.11 MHEBIUBKDE :

(1) P. Haldar (USPVMC, Univ. Albany) ” Supporting Innovation and Development in
the US” L LT, YL —F VUi Z1T > 72, US industryld, W EILF 272\, Hif,
PV, BUROA T 4 7IKFE L, FIEEEFERTLTWSD, 29 LEERT, PV
Manufacturing= >V — 7 & (PVMC) N A X —  L7-, THI%. GHEMT$ 300M, PV

(—#p, FidbSizade) Z x4 & L. SEMATECH, CNSE. #9604 #EPVAE A S L T
Do $I/WEATDOY AT A=z b, RDEH, KEOEAMM, KEOREMH, 2 HELTW
Lo M@, PVl CEE, ME, A2V E—var, 7 T4 —, R&DET) |
L6MFE%, TV a— L 8E (EE, M, 9774 v —, PVill) | 266 %, 7T —FT7 7 F
Y. BIPVISH., 3%, =7 V74, FOFWETHDH, CdTe, CIGS, TCO, A ¥ —axZ
M, HM >0, BE& 7LV 7L, a—toa— 7ot KKK T 7 4L A,
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10cmx10cmY 7L 22— /L, DHFIZERR3. IR T, 10emxlOcnY 7E S 22—/, B>
18% %/ HFE T, @A b, resource availability., environmental impact. recycling,
DERNBEETH DL, Mill, HEPVICIENT 20022 . THiST PVRCPVIZ  H & 1)
JoHRE ) E SEMNLOEMRLaRr Y v BB o T,
7. BAE

BIEHRCORE R bbb, AIESEL Y ZME I Lz, BENLOSMEN
WMo TWDHHIRTH D, T, MMSIKEGEMYE v a Tk, Bk D OWF TR R
WEEATED, BREENPLOSINTA R, 5% OMBMEK L D, 7o, MK TEFHEE
DHEALTWD, WP, DHAEIZ, MmSIKBEMmAEZIZBWNT, A -7, F
EIZBWE»PNTWD, Fio, PEAMSZEIEL. UNSW, K[E., ECNSLSERISH b E A% L T
B, OREIL, HEESIKGEMOFREMBEEAANLHCL, LAV E BIFTDH I &N NE
ThodH, PEKLSTEHED —OBEL2EEZ2WZDICE . bAEICKIT 22 %5 0 b & FE
FHENRVETH D, EWV, M2 9IZ7-TEIIC, SEIOY ¥ — 7 DIn6aP/GaAs/InGaAs 3
BEENLVOENLT TOHHEIL 4%, FEEHX T TOHEIT. 9%, XFT Y =y 7 OHITE L D)
R2U.T%., Y—F7—70 T 4 T DCIGSH TEL 2 — /L TOHRIT.8%., v — T DMHFHE
WL D11.9% ., ZEFOAKEL D11 1%, 2, HREEREZER L. HAIT,
KB CHRARESOENNIZHLTVWDLEFZ D, A— ATy /N THEL T, AT,
ELOBEZITETA2LERHAH, TEEEICHIT 2720121, BEREREFEEL LT,
REfRYED A — LV XU OEERE T2 ERMICHSIT200 -REE D,

20114F 6 A, EHB KRG HHEEBEICHEHT 5 HRROILFRFEFFE B E D . KK TOLE
KK HREL AT LOEBEENFRBINTEY, DREICBT 2BEDEREE
e MBENET Y 2L BLO VAT AICHET AN EREOFEBILOBR W ES LR A S,
FEVa— RV AT LAOFEEESCAY— Y v K, RROLEN., 77741 A4T
v K& V27 AR OB L LETH Y . HERILRMFIEERI & RIS, B kIR
ZEBHFE B WIRF L7,

AR - AFERIT. ERGEEMEICREN S, EBIZLEONIADMNERHAD, ZTD4H
Bh, A= ATy N TORBEZHEFLZW,

Y\l D40t TEEE PVSCIE, 20144E6H8H ~13H., =22 KM Denver CHE T ETH 5, %
72, 41° IEEE PVSCiX. PVSEC-24, 30" EU=PVSECO &R CTH H 6 KR E R
23] (WCPEC-6) & L T. 20144F11H23H ~27H ., HHEEESHE L T, BETETH D,
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	山口真史（豊田工大）
	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。


