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T2 0} 5 & (21st International Photovoltaic Science and Engineering Conference °
PVSEC-21)25F=:m 0 8 H By [Evaluation of crystalline quality of InGaAs solar cell
with metamorphic strucutre by X-ray reciprocal space mapping] ° (—)FELEE A2
Okada Zf¥z a1 3m & ALK M & sa ity - 2R & AR5 A S S E R A %
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PWVSEC-21 Program at a Glance (Tentative)

DAY 1 - Manday, Mavambar 28, 2011
Confarence Room  Room 1 (ARGOS-F) Room2 (ARGOS-E) Room 3 (ARGOS-D) Roomd (NAVIS)

Program Mo. 1A 1B 1c
8:30 - 10:00
50 - 2 Opaning Session 1
10:30-12:00 Keynote Lectures
Lunch Braak
DOpeaning Sasgian 2
13:30-15:30 kaynata Lacturas,
PYSEC Award, PVSEC Spacial Award
Ta':::;;igs far Aras3-1 Cya 5:::-:;1 Salar
3 -7 H i 1 ~
fe00-~17.20 Highar Efficiancy ’c‘b“’b:r’;:i;”?'" Filml  Galls and Related
Silican Salar Calls | - ) Matarials |
An;:I:':i: jn:I Amet)-2 Dyasizilzﬁai Salar
18:00-19:30 Charactarization of H:ls:!r'.:n:r ?nj T;m Film Calle and Ralatad
Silican Salar Calls messs Matarials Il
By i=lnniel=
Room 1 (ARGOS-F) Room 2 (ARGOS-E)
Program Mo. 28 28 2C 20
. Aras Planary
e ~ 1000 Araa 1, Araad, Area T
Argg 1-3
i ; Aras -1
10:30 - 12:00 Cryated (srowdh and  Amsdl PV Madulas and
Matarials Adwvancad Cancapts )
. Systams |
Charactarizatian
Lunch Braak
T € Arasd-2 Args §-2
13:30-15:00 - - -\ Maw Matarials and P Modules and
P in Asis
Call Systams I
Arga 2-1 ]
W F Postar Sassion 1
15:30-17:00 Largahraard:r_?lulas, Ama-1,3.4 5 6
and Pracassing
Arasl4 Arsa 33 D-,'a-E,:::,:lzﬁa-i Salar
17:30-19:00 Nanufacturing Issuas | Module and Ralated
4 Pras : Toashralamy Calle and Ralatad
Bnd Frasassng Bennagy Matariale Il




A [TT)

- =l=inl= i i=lnnlal=
Conference Room  Room 1 (ARGOS-F) Room 2 (ARGOS-E] Room 3 (ARGOS-D) Roomd (NAVIS)
Program Mo. 38 iB ac k]n]
P Aras Planary
) ~ 10:00 Args 3, Araad, Aea T
Aras 1-5 Aras 54
10:30 - 12:00 Pragrass in Silican Aras 34 Cya-sansitizad Solar
’ ) Hatara Junction Salar Charactarizatian Calls and Falsted
Calls WMatarials v
Lunch Braak
Aras 2-2 T I Aras §-5
—_— ¥mp. - e
4330 - 15:00 Fun:laman*LaI_Sl.,l.an.-a \atoral Dizasterand | 233 Thin Film Salar
and Innovativa Photovoltai Calls and Ralatad
Cancapts e Matarials |
L EEN
Enablars far PV )
Foster Session 2
15:30 - 17:00 Cavalopmant and
Banafite of PV Data & fea-1,434,4,5,6
Tima
18:00 = 18:00
DAY 4 -Thureday, Dacambar 1, 2011
Conferance Room  Room 1 (ARGOS-F) Room 2 (ARGOS-E] Room 3 [ARGOS-D) Roomd (NAVIS)
Program No. 48 48 4G 40
30 = 10 Araa Planany
220 =~ 1000 Araa B, Argad, Ara v
Aras 2-3 Aras 5-5
10:30 = 1200 Solar Calls and Ralated Aras 4-3 Organic Thin Film Salar
' ' Scianca & CPV Systam and Call Calls and Ralatad
Tachnalagias Matarials Il
Lunch Brask
Aras 24
a———— Aras 44 Sympasium 3
13:30 = 1500 Mafsrials Praparation "~
and Charactarization “paca Gl Lang-lie PV Modilas
Aras -3 .
r— Postar Sassion 3
5 - 97 ] e - .- 1hY
15:30 - 1700 P Modules and Aea-1.23.4 5
Systams
Aras 2 Special Araad Spacial Session | Araab Spacial Sassian
1730 - 1300 Session: Innovative | Fatential of CIGS and | innovationof Crganic
' ' Light Trapping MNew Mafenals for GW | Thin Fim Solsr Cells in
Technologies productionfentative) Jspan




DAY 5 -Friday, Dacambar 2, 2011

Confarence Reom  Room 1 (ARGOS-F) Room 2 (ARGOS-E] Room 3 (ARGOS-D) Roomd (NAVIS)
5C a

Pregram No. 5A 58
Hﬁm Aras 3-5 Araa 57
B:30 - 10:00 S g . Buffar and Windaw |Manastructurad PV and
Simulationof Silican Law Ralatad Matarisls |
Salar Calls SyErs 3 Vatarials
Ta'%sf:r frea 3-5 Hnea 58
10:30=12:00 Hi uharEfﬁ-ian:' CZTS, CdTa, and Manastructurad PV and
m g ! Falated Matarials Ralatad Matarials |l
Silican Salar Calls I
Clasing Caramany
13:30-15:00
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PVSEC-21 il @ BB B L F RIS L1025 st By 15 53 B
BEATS » 5T 15 57 SUETENTE & SRHRHBS Hilton Fukuoka Sea Hawk SRS
— P RE S Hilon Fukuoka Sea Hawk 45 - #4Fss 6 6 % R ASH B804
B 40 ¢ YRR S5 509 - SRR - CdTe » CIGS R CZTS %) -
-V (LAY E SR T LV BARE - S5L2 1V Bkl
BOUIRB L - BRI  (ERR R SIURZE AT AR ) - HiES T
(CuPc ~ P3HT + ZnPe ~ Perylene » TiO: B C60 %) R ot (L5 S M A AR -

S B PIRRERR ATS R SULR S - 4T BOS 4114 - B3 ~ MR T
SRS SR T AT R S AR A - AR R e
1200 i BIRESRE S AN > B SRR » B B b S L
2 BT -

& — ~ GEHHAREELE 5 7258 & PVSEC-21 el &a#tis Hilton

Fukuoka Sea Hawk /)5 °
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3-1 W e R SRR OIS

BEAER SR RNE » TR RE SR8 2 Bl R ez 4R
5% Fy 4D-4P-19 © 53 HITEA EHERNE AT LER(GaAs) B (TS - R R BLPE
T B 5K o BRI 45 - SR X 43R St B HIME B 22 TR (X -ray reciprocal
space mapping * RSM)IEIE » ff& LR T RFS B HOieR - 835 2 [E{ER A
&2 GaAs ZEAR R ARAY KB ATTARE B RAE 15 FEHEARERETRS
BT -

B ARG EAAEREE P AUEEL N AU InonGaosAs BILEYIEEREAT4HRL »
1Y GaAs FEARER InovGaosAs #dt A TRAHY 18 B 8E F(lattice mismatch) » FB{#E
M E SRR ETT R - B SEAE 8l GaAs = 5.6533A FHEEE]
InorGavsAs= 5.7222A » H H #2155 Bt AT 0 O &5 RO R A 8 (B4Lfir
%) o GaAs AW R ] FEE] 873 nm > SEELAHA R AT InorGasAs AR ICE R
SLAIREE] 1052 nm > B S BR- B S OHIS AT SIS ORAY R © b4 A HAY
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EMERTEZHRRGEM T B InGaP/GaAs/Ge A& UCHCHY A5 A5 - i
o BEHA SR AZ BR Y o ] Ji (GaAs) K P Bt 2 BT > — el Ry 3L = PR (current
limit) > FRERF GaAs BEFRIE(RAEEEE) - RIRUCE ZAT4LIMN e TEEE X E
S REFARERER - NiEie - B EREeR -

[ =Ry X JeesT R BNEE 2= RS - X SEsHE Q24 EBEETE
AT 8 = () )TN R E A2 U e G ERERERAE A IR InorGasAs
EERREORISE - 75 2 B R 5 EMERTEZ GaAs B E [ =(c) R (d) R Eg
SR EEE » BREAS A ERC InonGaosAs BEBEEIRFS B -

fi 2°-off cell

Fully”

055 Relaxed : \‘K;\ Relaxed

T T T T Uﬁ —T T Y T T T
035 03 O 00 036 035 030 0.# 0X0 036
Fully Strain Qx("u) Fully Strain Qx("u)

=5 035 v b, Un-graded s 035 15°-off cell
£ il 5°-off cell =3
e o

£y Fully Y h 3
M Relaxed V

Fully
055 Rela):;ed r Ci 0s%5 A = : .
035 0¥ 03 06 035 03 O 03¥0 035

Fully Strain Qx(mj} Fully Strain Q‘{ﬂu)

Bl = ~ X OCEEST S BB B 2 R ] 5



F RSM [ p ATR 22 21 -F 1= T B S AR HR Y IR (3 7E. o -20/2 A5 B r R H B &
£ 2 R 5 TR Z GaAs B b - I UE & Z KIG A=y
Bl Fs 403 K2 478 HER GG 2 KIGEAHFE R ARy 337 K 439 - B
AEEAE SR A EL - HERRAE 2 R GaAs B2 B MERIER
FRERAE 5 FEMFRHE GaAs BHR -

Solar cell structure Ve (V) Je(mA/em®)  FF (%) N (%)
un-graded 2°-off cell 0.41 12.29 57.37 2.89
un-graded 15°-off cell 0.37 11.67 61.33 2.64
2°-off cell with  p-n structure 0.72 24.82 75.20 13.43
15°-off cell with p-n structure 0.71 23.81 73.80 12.47

x> U NER-ER SRR

R RATERMEIROE N ERE- R BN 2 B - SR 2 EEFA
GaAs Fhpl R = UK BT - SCEEISCR RS &y 13.43% » 2 R
Aot ST On - BHIES EE BR BT S B E R Y B S H s B BrERFE R (R
0.3~0.4V » FEEERIFE T 12 mAlem’ » HERIFERZROERE S > 8 F2E#T
BB E S > BRI RTE - (EREBG R E EANE T - A —ForpirsE

BREAZE A (A

S
=t
ol

=
,

Voc = nKT/g*In[(1./10)+1] Eqg. (1)
N Vo BFAESEERR » n RHIERT - L BREEN » b AR - T RIRERE
k Ryfesz S FH - AR MBS B 23R EAHRR - E R BT
FARS EEREARE < T - FTAE M EZ M IIALR - KIERIT KI5 EAZ Mo E

[FEIRHE X OCERRRUTARIEEEMN > #HARFHIRR -
8



3-2 FERUAET &S
KR stEHar gmmie o BRI F RS 57 48 2 U7 =) FH R T AT
JrETTRCEEREA - JEAETE 11V KIS B T 2 AR REE Okada
FuzHL Sugiyama FHHLFE AR - BN EHET AR SRR - NYIE R Rl
AR ERC - ORI F TR At 2 B &R -
(1) PHHES Politdenica de Madrid AE2HY Luque Antonio 25#5% » JEERAY T /8 A Adavnces
1n intermediate band solar cells °
R RE T A P5 B (intermediate band solar cell) AR &8z -2 Luque Antonio
L A Marti 27 IL[ESE=1E Phys. Rev. Lett. 78(26) 5014 (1997)EFEHAT] -
VUSSR AR — R K5 Bt 2 A a7 BUE By Z [EHYBE B 75 (REMS > band gap)iE
RIS Z WM » o3 A 258G T ERER P A8 N BURYREES - B4 SR
AR5 EAM GRS o BRTRS B BIRFS s 2 Uy » B iRA R E » 4
[& 717~ Luque Antonio A B ERETR » BGEAEFERGRER TR - W il—
JE PR RE IR » (ERE MRS NIRRS'E 2 UL > JEFSBE S SRR -
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B T R ARG a[R O EE AR 7 - IR EIRE 1% - B R REEE 2K
Bootat » 1P B — e 25 G B w2 AR 2o M R0 R B R, = AP AR AR AR
ShnRk BUEALSMEER T HIR IS B - 1F =HEA RS R &S DA — g
[ERERTHY T8 - R BIRIGEATIMY - fEE RS R - I RFF RS BEE
A8 EFRTHERSER Z HAY -

(2) 1@ Imperial AKE2YHE 2417 Megumi Yoshida fH-AE(HAEE) - JEaR0Y LA
Photon ratchet intermediate band solar cells °
Megumi Yoshida $2E|—M#F RIEREFFIY RGN » &4 arBAERmE - K4y
FERZF( ps = 107 sec)F4l - EREE P BRI RABTE T T8 5 - (FE
SREEFEFETH 2 RERY I - ME AR - ARFRE RIRSE 8= R I 4y
Z&Fb(ns = 10”7 sec) ©
TR R RE R A0 FT A &R AV B E 70 RIS A HR i
BFHEE TR - WENFR - ROtRHEFHEE TR EAE T
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B> —RETHEEERRET - ElT A Sk - RS EETHEE
THREES ST > HE T RE ] EAHEE > T B R Eny iU
TTEEELER - 5590 BT bERTAETREREIEE - AIRIGEE—3
SEREELELRERE B2 A/ NIE B (AN EY) - B sl Tt mlRk U D E PR eE #E

_
TRk - EEAREEIR -

thermal escape
. ‘l" - . thermal escape

tunnel escdpce
® L ===
_r._._.-l-""

_'_r._,.r"'. _

BN~ BT ERGEERETE

(3) %k Imperial College #73E £ Kan Hua Lee fT-4:(&E5E) » RN T
Measuring sheet resistance values of single junction solar cells by electroluminescence
Imaging °
FrAsE R ¥ Kan Hua Lee ENGAFHIZZ] - R B L —FGMERAZKE &
& BEERMEB TV eI e EE AR - HAEBMESMTEH#E -
BEMIEEE GR35 NBELE - Kan Hua Lee FOCRRZENTHE  (EREE

ORSE L% 1% o (FRIFEE] Imperial College HEERE L » B EFE BN

Quantsolar 225 TAE » %58 JIDSU G > 1R [E[F] Imperial College

waEH L SRR R R R OTRE Il 2 SR

b & b 2R S ER B ) SRR e B B T LUK R B SR I B [ - 5% SR EE

BEFEERE ™ 20y SRk PH - 2 (20 (contact layer) » 5 = & (window layer)

B35+ I (Emitter)fH 0~ ZEH -

i
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e BREEMR EECT AN - B G AR - RE GBS - WETCHTR -
[ = R KPR A BB s - &8 CCD fRiUse BaE R - 1B/ U ERRE S
FERRZEREI AR TR - FIADYEsRERER - RIS T i DU 2 e 2
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(4) HA Sharp 2\ E]HY Atsushi Yoshida 8+ » JEHERAY T B Development of
InGaP/GaAs/InGaAs inverted triple junction solar cells for concentrator application ©
Atsushi Yoshida f-557H8 Sharp AFI(E 2011 4 11 B 4 5% > BRI -V JEK
P REAMAE — (R C RS T > EHACR AT LIZET] 36 9%HIACH « [BlTL A% K

PERAMT A RST SRR E R 1A% (Lem) ©

NN
\\\\\\\\\\.\\\\\\l>

AN
W \\\\\\\\\\\\\\\\\\\\. ) =
W o

o
_’-"-FF’FH_F

Triple-junction compound solar cell
with the world's highest conversion efficiency of 36.9%

[& 71 ~ Sharp 23 =R A58 TTH:

E 2000 F=GA%G Sharp 2788 =REAETK IS &M 29T - 1F 2009 4 > Sharp B
Tt % H B R 35.8 96 HY K5 B & - Sharp 1 H ASHT A i B2 SR i
4 A B S8 1A% (Energy and Industrial Technology Development Organisation * NEDO)
EF  AESFEA TS 36.9% BEHERERIY R EIMAERS - WA 0 AT
EREFIRATE(Advanced Industrial Science and Technology » AIST)E@:EE °

(5) HZA Daido Steel 22 EIHY Kenji Araki 1 » JHEERAY T8 Ky Basic design of 35 %
efficient and 1000X CPV module with sufficient optical alignment tolerance °
Daido Steel A ElE H AR ESZOCKIGEAMIEH B A GEEN AT - 2lE-1
FiroR > FEEBHEEHY 1000 [ RO T - AR ] 2 35% » H. Araki 1%
58 FH RS AR RS Y 40% @ EH LR AUEEE B ] 22 2] 35%2A
7 HEHRRER o Araki T CAERRET &R E] - ARG HE AR R =
HESIFEE - — AL LSRR IaEEE -
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—HPINAEIE R B - ERGEER TR B E R EE LR R R Ae  EE
# > {H Araki 81583 Daido Steel s&atHYFEREIE R EH A FREEHNEL -
HERBRBCREELERF A - BENIE B R ELEE A © &+ — R PR EER

[ ~ Daido Steel 2% F B EAYE RO RIS EM A B 247

It is easy to achieve high efficiency by a single pair
of lens and cell.

Suppose Cell: 37 % and Lens: 85 %

Then, 0.37 X 0.85 = 31.5 %

Howewver, it is extremely difficult to obtain high
performance from large-size array of modules.
Mismatching loss by inherent to CPV optical
misalighment, optics variance, tracking and etc.,
High sensitivity due to high FF

Various PROBLEMS in the real system
Mismatching losses: Optical alignment and etc.
Shading by adjacent trackers

Energy prediction for economical assessment
Efficient installation

[~ AR B R R B A R L IR

B
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(6) itz ETH Zurich 2 5] # M 57 B2 TAZEHY Thomas Cooper s HY -85 £y A 500
KW 500X quasi 2-axis tracking CPV system based on an inflated parabolic trough
with tracking secondary optics ©
Thomas Cooper B35 TAEATRRHH - I FIEEEHAE H 24570 - A 80K/ D38 38 2450k
ASTHEY 18% > HEZZ 4R 5 > APRIERGEEREN - TE+ A% A
a]FHS ARG H 28t - KRS TS S E RS B - AT MY

TSHEATRO » BOLREERET 100 58] 200 (527 Bl s 7 oA EKES
AT - S SRR -

b) sunrays
- /TS Tecelver

mirror

ETFE membrane
membranes

longitudinal [ |
girders

silicone coated
fiberglass fabric

transversal
element

roller bearings

—- foundation

&+ ~ I+t ETH Zurich 22 SFA& AV EE GG H £458
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s e AR ML OIS

= FRURIGE AR E Bk 3-1 81 3-2 2 NES > (R RN - 3R
IEREE Okada BHAR EI 21 AURP5 M 26 4872 n] ge B 7B N & > DLA. Marti 5]
Px&52202 2007 4F Applied Physics Letters #AFI A5 » FIFZ g8 BB K
et - RIE) BRSNS B8 TR EATE - HESN g B R Rk
2 o B+ = REFEE TS (TEM) SR - BUrE R RUE R K E
AR B S

[P0 s B Y T SRR B SIS - F 10 JB & RS E ERILD
20 JEEL 50 JBEE - —AKER - E g E T RO HTRE TS - fERZERS
SHVEN - g E T EERIS RS AT TEM 822 [RRESS EE TR R
TRAVET TR - BRI g 4SRN 2 TR AR DATEHE B2 g & T AU%E

FEE T HEE TR E R R IE SRR - ISR S R AR R B R MR EE R
AT EIET IR ENY - BeE N ERNESETE -

; A L 4

123 ~ 2 Je & 1 BhRFS Bt T Y 27 22X 2 B T B (TEMD [l
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123 ~ )8 - HRKE5 Tt B ER- FE U Al 4R

i
BB € S FI ABURF SR ~ e SRR 58 (1) £ (DT 8
R BHITRBISAURRH Y SRR  FEAETUR AR LA T - B
R ST TE SRR B » PIL B T BB  T IS RS - (B S
B - 390 BT RABEOSE RIS RER Y — w54
BT AER £ (I S AT ST -
BAAEVIZERT 101 (ERHE(TALBEOE » GF ASOR RAEIRHS » I35 BAETR
WFERT » SRR SERTTA A A MR RBCRT 81 - L EISA
HETRTIZCHEE - T KRS E RS YA E R -
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