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R ER CO2 Kl 60~80% ~2050
Long term target mitigation
-14% ? by 2020
KEBEAREOER X10 by 2020 (14GW) , x40 by 2030 (53GW)

— BIEE=E x20 by2020
Deployment of PV system

EHHABAERE 7JPY/kWh Efficiency >40%

AHYV—7 (BREXE).RPS
Mega-solar, RPS
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>70% newly built house with PV
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Tariff system : DE 500 yen/month
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R&D for Cost reduction, stability of grid
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Innovative energy technologies for COOL EARTH
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MEMS : Enorgy Management Systom. HEMS : House Energy Management System, BEMS
Buiking Enerzy Management System

http:/lwww.meti.go.jp/press/20080305001/02cool-earth-p.r.pdf
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From PV News, Paul Maycock, editor 1GW PV = 300,000 t CO2 reduction
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PV 35 e 350 7 5 1300 L0
1.4 GW 14 GW o0 GW
Wind 44 200 269 X6
Biomass 394 723 917 X2.3
Other 687 763 716
—_
Hydro 1732 1931 1931
Total 2892 3967 5133
KAZEEL 1160 (3.8%) 2036(6.8%) 3202(11%)
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Figure 4.11: Iwvestment costs and penetration rates for PV} wind and bivetfanol
sysiems showing cost reductions of 20% due fo fechnolbgical development and
leaming experience for every doubling of capacity once the technology has matured
Source: Johansson of al, 2004.
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Thin Film Era
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2007
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2008
Q-cells(570.4)+46%

 FirstSolar (504)+143%

Kyocera(142) Kyocera(180) +27% Suntech(327)+107.6% Suntech(497.5) +51%
TF-Si Sanyo(125) Suntech(158)+93% Kyocera (207) +15%

Mistubishi(100) Sanyo (150)+20% FirstSolar(207)+245% Motech (384) +95%

SchottSolar(82) Mitsubishi(111)+11% MOTECH(196)+78% Kyocera (290) +40%

Suntech(82) MOTECH(110)+83% Sanyo (165)+6.5% Baoding Yingli(282)
CIGS +98%

Thin Film Thin Film Thin Film Thin Flim

Unisolar(22)
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FirstSolar(20)

Kaneka(30) +42%

MHI(16) +33%

MHI (40) +150%

s ERER TSR

== yifi ==




AIST

Thin film solar cells growth XBxsEsEe s

p— by Technology Type
5000 - m CdTe
mCIGS

= 4000 - - e e -
= ;
s W a-Si
> 3000 -
g M Emerging / 3rd Gen
S

:

:

Historical and Projected Thin-Film PRODUCTION

S

2005 2006 2007 2008E 2009E 2010E 2011 2012E

(Guha; PVSEC18)

s A BT ST R

Eicy g

30M/kWH

20M/kWH

10 /kWH

COO/ Eaﬂh 50 mitigate CO2 emission by 50% by 2050

ABEARERR 52—

20004 20104 20304 20504

Fo e 40%
' 2 7 JPY/kwh
@~2030

! Cool Earth 5

|

' 10% 20% , 30% 40%
KBEBOEHRE (%) @

wyiioe A EERIR TS TRZTRT

— ix —



AIST AEAREERE L 5—

ABALRERAREF—DHE
RCPV ; at a glance

nusEA ERERMTH SR

Mission and Policy statement A BRI 54—

(1) FRAEEMMBEESIVT/ (XD, i

R&D for new materials and devices
— JAMER. REARER
Cost reduction, lower environmental impacts
(2) KRBEMOZFELEL LFHMEBiTORFE
Characterization, testing, standardization
— EEXEBOMEIL (BRHESHDEIE)
infra structure for industry
(3) KEBAHREIATLER. FHEEMORSE

System operation, evaluation

— IRF—RELTOERME
infra technology for energy source
(4) KEXFEBZEC-ERREH
International cooperation

— ERREH, = HEL

B S D=0 DTS5y I+—LEF AL RRGEREBE
Technology transfer

FR 3L RS IHTO R BUREEAN DR
Impartiality
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HAES 1> (Pilot line)
H#FE#FZ (Collabors

wrtis A EESE R T RS ST

KB HRERMEARO—F<yT RSB R 5—
(RCPVELT)
2 2004 2006 2008 2010 2012 2020 ~
N

TEIN R —

* A=A TEA L

25#18%@100pm

F | |

-
™|

*

Hil

B,

rrrrrrrr $FE15%@1cm?2 g
T #mE 100om2ivs 7
300°CEEE x #&
8% it

100cm?2 GK)

=

H

stz A EEREI TS SERZLPR
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FY 2004 2006 2008 2010 2012 2020 ~
| | | | | \T |
—EI = >
< T RA—SALTEA L
FHERR (ESF. 89T 6F) ET%
EHRT A RBERRE 1000hRE
i R ) : RS AR

RIEEFENS1%ET
REETER
IECH#&. JISIRHE

HERMITVR I+ —LIcERESE | JLELTLEHER
BEEOV T LBE L EHFE5X104Qcmbl

Al - T
K#&ER/ U TRE10°

Sgim2day&

wrrRos A ESREI TSRS

AIST ABEAREHRR 54—

fam IV OB — EE{ <100um
TIXRRSAAGMN s

F—a—I—FTvoLiR

Power
supply

| u Voltage

% NE3 “l‘,‘“‘,“-"l’l‘?“i? feedback

I‘Stag ¢ Up/Down sm}\éig:):ruou
—< 1 I

A—70Z 90pm (1.1 pmis)
=K 4.9 um/s Lo

B E SR H i

i TR AL R RS R D TR SRR 58

DI—N\EE

10029/08> 17.3%

TSt A

waras A BRI TS TR PR

— Xiil —



AIST

BE IV DOEKR-ZEE(L uc-SiGe
s

15% (REIL) — 18% (a-Si3TEDRF) Lo o o 4

ABEAREERE I —

Bz 25 3ES
WIS EAR 19764 ~ 19974 ~ 20004 ~

ERHYPE  95% (X¥TILK)  11.7% (h+AH) 20105FENEDOB R 15%

wurmEA BRI EIRRAR

AIST ABAEREH R T—

SBIES ) O B ERRE (Issues for Thin Film Si)
« =B uc-SiGe (High quality material)

04

B 5 E & pE R T (High throughput process)

i}

. EFEBEERBREEE (High quality TCO)

- BEJEALAHE I (Light management)

A BT SRR
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BRIV OERKR-ZESIE
T F pc-SiGe

GIassAR (TiO,-Zn0) ZnO Ag
Single junction device:mms) uc-SlHorpcSIMGaM
nght
Textured- GZO pc-Si:H
or Asahi-VU
uc-Si:H solar cell IJO-SIO 0Gey. ¢ :H solar cell

pc-Sli:H i-layer: I--2 s

25 pc-Sln oGegq :Hi | layer: ~1.1IE'n

20 on textured-GZO film:

Vet 0527V, Jgo: 25.5 mA/em?
151 FF:70.8 %,n:9.52%

[}
<
L

on textured-GZO film:
Voe: 0494 V, Jg: 25.5 mA/em?
FF: 65.1 %, : 8.2 %

Current density (mA/em2)
Current density (mA/cmz)
*

104 X 104 1
on-Asshi-VU: J on Asahi VU:
5] Vo 0.509 V, Jgo: 23.5 mA/em 5- Voe: 0466V, Jgg: 23.6 mAfem? ]
FF:70.5 % ,n : 8.43 % FF: 65.9 % , 7 : 7.26 %
0 T T T T T 0 y . - \ '
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Voltage (V) Voltage (V)
TCOR% — 9.5% SiGe E — 8.2% (#ME{E~1.1um)

s EERRTHR SR

RS R EF R+ 52—
IEEYBEDRE - BHE  TLF2TN

Compound semiconductors; Cu-In-Ga-Se

CIGS
(Showa Shell)

Ploy Si

Zinc Blend  Chalcopyrite ' #J!‘/%@Ei‘/b '

wrmEssA BRI T S TR
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Thin Film Compound Semiconductor Team xmxsmEmnts—

High efficiency CIGS sub-module
was fabricated on 10 cm square
substrate by co-evaporation
method.

Moduling process was same as
the production process.

15.9% CIGS sub-module

17.7% CIGS flexible cell
on Ti foil

Novel method to control sodium
contents in CIGS Ilayer was
developed. Using this ASTL-
method, high efficiency CIGS
cells were realized on various

types of flexible substrate.
(CIGS : Culn, Ga,Se,)

A B TFA ST PR

AIST AEEFEBRE 52—
FHEF KNG Tt DEME
ORI LY5R TIO & B R THBLL AL AR

Q@ BHERDAANRIRNFT—EHE
@ /\vT—R#ICE RN B E

O@E=>10um
HFELERE. FERMEEHFE
— ERERBR(EH#RERXEREL
;. e
L FNRCEmEt TS FOXBEEICEICKRER

HHIEE, T/IWIRIEE, HIEAH=X 4
@) LRHRICEREp—niEEH
2R
OEHH DB FNRIRILF—ZHZE
OFWELRFLELIL
HFREBETFNIRAO—H

@& =100nma B EIAR R b

Dﬂ’ﬁ G B LR ngﬂﬁ B ]

worioe A EERE R AR ST AT
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FTARSHE DETH  RE B

[EREEXEENOERMCETIMEIO—BLLT, KEBLEHTERITTS
=, Y ITES 12— ILOEEEFToT-
“ABELTARTLADBERMELTHRISA TS, RKS4T7O0ERIcESHEREER
L\T:o

HSRE— AT A R MR
(kv

BEEVEOILXV I -HTES1— L ERIELEIMELTEELT-,
-EEHICEBN-KEBEELLLTEERTSLETEH, Hit-h——XBEHEA.

MKAMRFARICETIREE. EHHE ) byF GF) LOXRMRIZLZEDTT,
wyiros A EER R TS TRZTRR

£ 518 BT D BORS

=ERE - SMAEOAHERIERAEE

OR T J=E=
RuSEF IR TEIRHHH DAL
EARINGRE., BEOZHE. KEBEEN

O 1 # VBRIkKEBERK
HERMT - SHAEORTEEY

. MPImlI

wrsEs A EESRI TS TSR
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FHIE - > X T4 D Bl
EEEBOBRILIZLIERBENDBRIEL
PVOE RIEXDIE, RERD DR

Mask to block bias light
cell being measured

;E:/‘l_}bmt)ba)ﬁﬁléﬁgwiﬂqi Mono. light

Bias light =

Suppl. bias light

SR measurements of cell (module)

Thin film module

Mono. light  Suppl. bias light
STC,STC# TOEREETE( (Si, Bias IightA

%A, LA, DSC)

/(47;(%‘ EE Bias voltage
Bias voltage, Bias light

Crystalline silicon

wmiaA R SRS

AIST ABEEEH R Z—

KEZIN TAEERZNE

1. RMREOTFHRIL; MEEEFTE. RERTE
Outdoor performance, Energy rating IEC61853
Certified labo. IEC17025

2. HE, FRAODE. 5. BITLEOERFA~DET

Diagnosis and shooting of troubles and their feedback to industry

3. BEEMEFHTE S 1—/LET. SR

Long term reliability of module, testing, characterization

4. REERICHSRH~OEZEOFME,; HLHR. EEHR. NTUVF
Impact on utility grid by large scale deployment of PV

wirsEEA R TR AT
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o el 40
SRR O RR R
*—ToA/R—La DR
ILES TN ABEIMEH LY —S T L SUxd0cm2BRECVD = I

Flexible solar-cell substrates consortium

KIMOTO
REIKO"

— |Processing

MGC

= NIPPON GOHSEI
< SUMITOMO BAKELITE COLLTD. |
Mg Teijin DuPont Films~ |
| National hstiuleof |

(Films | — "™ THI

\<@> ISHIKAWA SEISAKUSHO.LTD,

| Machines |
AT —I—: BRI ERRES . KEBEhA—H—
1341: 2006.6.1~2008.3.31
7027w | TOAFN—HRER]

-Si%CVD

O uwvEt %Zn0R /(s  SECYDRE (o o a2 tus
J—bASR 200 pliln SREsTEES
(Asphi-U) -~ nm if 350nm ¥ ZnO/Ag/iZnO

—— . eee| . aae: . RS DS

MIEA - \ T

150~200C  180~200°C aE
A& RIE¥TRIE ERHTHIE Zn0:Ga,0; 5.7wt% (4—45y K Rk)
wurfoeA ESEEITRE SRR

BB GEMEFEFZHE  40%@2030

International research centers for innovative solar cells (COE program)

((MRCIERHHEREFRM T8~ |

HEEREL - SRS RELRSR, 2"0%;' fﬁ;XU =2

EBTRUSHEORERINL . 2tkELTHEEM L, &)

-zggmsxﬁﬁ%#mo R TEXLOMRES L—TF
CiEE,

BN DT S Lt EH

Stacked multi-unction thin film solar cell
for low cost and high efficiency b -
Collaboration with companies, b

universities, and national laboratories. e b =5

International collaboration with EU and US SESTART®
labs.

Stacked multijunction
solar cell

wuasa A BRI TR S TR AR
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EEKFEEZETOIEREZEAARENDORRRE

Exploring novel thin film multijunction solar cells with highly—ordered structure

HFERE EREEFE
KIRK RE7 g NLLARL YIS
AWK STy i o U
N s P A
HEETAY N —a—HHRHT— LXK
g%ﬁ%ﬂ%x% Gl crs s
L SR b ZOH BHKE. HIME
mE-Husrms  EERET

e

SEA

BERFEEEETAITMEE. DOV RBEBSLVILEMRMES T NI RIZERAL.
AX—hRAYIERICEY. 2/FAN=ANR VI KIEBMERHRLET

-SSR RERBER I OTFMHERRLET

TSXEVHRORACADLEE DRI RO AV MRS ONTREAZITVET,

BELFHEE . SHK. EIHES/#ER. T/BREREERTSTELITR AR HE

sz A EER R TS SRR
AIST A RERHR 52—
ERFFEA R (EHNSDEE) AIST (2009~)
— REHE VIR EHES ISO/IEC1702538%E B8
Qualified lab for calibration of primary |
reference cell — B

i e Vil b

DSRi%

. -
L SREEEL ZREEEVa—
T g )
SHREE (BFH)

— R, ZREZERIIOEREREES
4\ GRER R RS

Asian partnership with Taiwan,
Korea, Thailand, India

numiEA BRI T SRR
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AIST ABEARERR L F—

BV FHEA R (. )UW o r5e—)
i : EEAHE 17848

TR B&E b #) D Sl A% 1
ERTAMERERE B
SERR

SOvROEY (REEFH)
NEDO APz Hhk
;ST ACR— B TXRERE (200kW)EFFE
B2 DXGEN, ENNEARLE
Outdoor testing for 200kW system

" eeuxww,m,mmg”:::,\n-«j: ,
-EE TR l J *V/;'lhﬂﬁﬂlilziz;s&r ET2— (FRIVGEMN).
RUIRBHER 1992~
JET &#E NEDOFOTP sk

\; —Tj ::::l N BENae
EFR*EREBE (AVF SEC, NPL)
NEDO Zav x4k

mumrA EERE TSRS

AR ERR 52—

AIST
2 —/LEIF S — > F A

EEREEXEEH T
(Consortium on Long-term Reliability of PV module)*"ﬂiﬁﬁ"lE
BEEXFE 17308

LA TXHB%H 4A22H

V) IAVKEBMDED 12— )LIEE

(i=]-=p"d

‘!! Gy BRI Indoor testing

[ mzssx—

Ny o— N —]
7 wER. PETR

HAMEL LR

Acceleted testing

EVa—IILRE
E &R E Outdoor testing

manufacturing

s EREATE ST

— XXi —
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Summary
1. ABRREHMEARA~OHEOEEY Lt 5—DRE

2. EA3—DEviay
T N RO, B, X T L. ERERH

3. M@y, BRIV, LEWEE. FRHMHE.
B - & R T L D 71| Bk B

4. WEieiER
EHMERMZ; COE
Ml EERIIL-EDa1—)L, BYEEM. EHE1EETE
E/t; BEEERKBENTES 11— IR -FEarY—2T7 LA

RFERE. BRRE4E. NERE BUFBEREA

NEDO, JST LS —~E 4
S O XBITEEABLEFET,

EREH

nuis A BRI AT ST
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TR21E6H228 $5[E KBARERE LU I—FKEBEHRLES

ItEYEREF—LDNE
—CIGSK[ZE th DR F—

Research Activities of Thin Film Compound

Semiconductor Team
— R&D of CIGS Solar Cells and Modules —

ERE KK
Shigeru Niki

wrriEcE\ EER R TR S TRZTRR

AIST AEERBHE 52—

Content

B = (background)

1.

2. INEIFEEILDE3EEAE (small-area cells)

3. REEIEEMTDBIZ (integrated sub—-modules)
4. 7LFTIJLEMR (flexible substrates)

5. B&ERIL-{EaXMEF T low—cost)

6. IR FlT (derivatives)

7. FEHESBDAFTE (summary)

wumR A BRI STRZAR




CIGS A& E ith DI & L4

(structure and advantage)

metal electrode

1. & %hE:: high efficiency ( 77=20.0%)

2. SR YZREN K : large absorption coefficients
o ~10°%m~": 100 times larger than Si
=absorber ~2 ({m

3. BELIEHELY: no degradation

4 BN SR r adiation resistive
-NASDAAN L& £ (D(FE:MDS-1) TEIEHF

5. RO X MEARFE AR EE: low—cost substrate

glass substrate

CIGS solar cells

pEaA BRI AT SRR

AIST AEEREHE LV 5—

3kW CIGS Module (n=15%, 20m?)

Cu: 45¢g
In: 49¢g
Ga: 20g
Se: 112g
total 226g

FLSEOKEGEMES)IVTHERT LIBE: Si1bken &

wsEsEA BT FE SRR
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i)ﬁﬂf/\d)*z

(commercialization

200775 3 4 ERAA
RAF0 =)L A (20MW)
— 80MW(2009) — 1GW (2014)
RA I ILT9 (27.5MW)
Wuerth Solar (Germany : 15SMW— 30MW)

2008FHA 35
AVANCIS (Germany)
Solibro (Germany)

RUFv—HEDHI-CIGSAIEE M BELEHET 224
1204t LA E

sy EFRIR TSR

CIGSEV1—ILDZhERLETE
efficiency vs area

INEBERILOEERIL

Improvement of small area cells
(R :19.5% — 20304 :25%)

N _
|
7

G RERES 1— L OB
B \ Improvement of large area modules
= 16 N (JREE10-12% — 20304 : 22%)
= N4~
3 Bl S
§ 14 oo/
= . o
w 12 \

10 ot TR

-1 0 1 2 3

10 10 10

2
Area (cm”)
nussA BRI ST

-
o

10




25 D B 2 (Objective)

2030t LN EE25%, D 12— ILshE22%L LV SCIGSKIGE!
D= EZEDORBRICA T =HFEFEZEITI.
[ EerCIGSE Y a—ILEHIZH T, |

1. INEBEEILOEDERIL: ERIEDT=-HDHETGIEE
ZHATEIL T B, SHIZ, CIGSHRINED S SEIL. #1/\vI7

BOEx. ZHEEEDEEREIEERSIET20%EEASHE
G E SRR OREFEEZBIET .

2. ECa—ILOBEDRLE: THRMFISWUALDED2—ILTE
EIHFTLH-ODEMEAREITI.

3. ZEERIE: InOMoZENHF AL EROLEMEMPDERAEZ

BRI A iTERFET 5.

4. N FORE: KEEMHENSIRETDIHLLNT /NS

AR ASFORRBRZEITO

PG e INE S e dlib =T EaAs]

2. 4‘@*%"2)1/0)%5‘: $1t(sma|l—area cells)

Y AR(BREXRFE. UEKFLEOXFHZ

WMERSIEE:200% =i 20204 BHIZESHE: 25%
current record efficiency ?iﬁﬁ@’:“* target efficiency at 2020
! s

WG-CIGSD = =1k technical barrier

improvement of WG—CIGS solar cells

hEIPR SR

S - R - FL 5 O FFAE S H B BT D BASE

interface and surface control

AE_=0.1eV?

30+

CdS/\yI7E
[EHE?

ERHE (%)

CISTREpniES?

| Culnsseslztiﬁlzﬁz{ﬂ

CiesSe | Cds
0 1 1 ]

. 1.5
ZHTHEE (eV)

2.0

nusREA BRI STRAR




AIST RBAEREF AR 5—

2. INEFEEILOEZhEL RE
CIGS%"f‘naH*_Lﬁo)nﬂﬂﬁ&%T)Mt(Fﬁ"F&.E%jC%&O) t RS

4 IVE L T 0—TJ%I2 & BRSO ST CIGSHIRDETIL
T T . ; 5.25

—k

__Topo

work function Es(GB) > Eg hole
GB

BT EAOSERE

 RUBMCEZELEN

suaA ERRTFE SRS

AIST

ABAEREHR R S—

3. RmEaILH T D FF

Development of high—efficiency integrated submodules
AVTAVEBEEEER LRI DR
in—line evaporation and integration
FHEL ML FI. K, BA, TH

/NEFEIL (3em x 3cm) %ﬁ%%%g;%;};{;
uFasA BRI TSRS T
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AR EERHE L 5—

Cells vs. Integrated Modules

3-5mm o
active area
P3 P2 P3 (RiEME5EE)
Al-electrode 700-TCO
N
3p ] ] \ | buffer layer l l ' 17% ] ‘ ] l 1,/
CIGS Pa‘;)sorber % ZT
Mo back contadt === s e

Pl

glass substratg

P1:laser patterning, P2. P3: mechanical patterning

PN CIN 22 ik =T AT ]

AIST AEAFEBHE L 5—

E
E*ﬁ’“ﬁ( & 538 (loss by integration)
18-19%
expected loss
o by integration
=K1
= - |l
it TCOE &1L FHRARG
N F IR (2(y )
5 ZQfhpazx 0
+f&(
expected gain
_EC;G—,;{E by improving the quality
il of CIGS absorber
11=12%
Ii‘gg)%’% efficiencies of
t
DERHE sl
modules
NEERIL REREV 2L
small area cell large area module
numieA EFIR AT SRR




ZILREEDATA4>TO1ERIE

development of in-/ine evaporation process
Mo/SLG

heater
substrate gate valve
__________________ Col s e e
: ___ LLEE
line K—cell g ----------
7'(./Kt)lw

15 vz BCIGSHED RN HEEERZ)

s A BRI STAR

HOED 21— LERFEOR K
10cmﬁ4f7%“‘1—)b0)‘%§ﬂ$1t
H%EOD ik, ERIEEMTOEEL
— FIA—FrEI6% L EEH
2. CIGSAU oA VRIEIZ KA Y TED 21— )LIER
=29 AN K2 D 15HE Bl 3 1T 0D B F
— FIN—FvhEE155% L LEEH
(EzXEIERED)

wr A BRI TR STHESFT




4. LX< TJI)LCIGSAEE $1t

Development of high-efficiency erX|bIe ClGS solar cells

-Demonstration of high efficiencies of as high as n=17.7%
-Development of new Na incorporation technique
(ASTL: Alkali-Silicate Glass Thin Layer)

flexible CIGS solar cells on ceramics n=17.7% (left) ,
Ti-foil n=17.4% (right) and polyimide n=14.7%

nmEA BT STRZ AT

AIST ABEAREHFE L 5—

Critical issues for developing high—efficiency
flexible CIGS solar cells

(1) Choice of appropriate substrate materials
*matching of thermal expansion coefficients

= stability at high deposition temperature
@ Alkali-doping techniques

control of the Na incorporation into CIGS layers

@ Handling techniques

special equipment such as roll-to—roll machines

@ Scribing & integration techniques, etc--

sz BRI T SRR
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(DChoice of appropriate substrate materials
CIGS D #3 20igZ 5R % $h (thermal expansion coefficient .)
86x10°8 K" (]l c), 11.4x10¢ K" (Lc)
FRERIERMFL D IRBZAE RS (thermal expansion coefficient .)
HBorE PRt Bk Hibrkt PRIz RGR 3L
[x10°® K1] [X107® K1]
BB ART 4.3 231 k 12. 4
T I 4.9 & 14.3
RAbS A % (SiC) 6.6 £ 16.8
FH 8.6 SUS304 173
UK T A 8.3-9 TR 19
A 9 F=h 23
SUS410 10. 4 vyay 24
s RIS

AIST ABESER B 54—

@ alkali (Na) doping technlques

B Enhancement in p-type
conductivity of CIGS

B Improvement of V, FF
and cell performance

@ e.g. J. R. Tuttle, et al., Proc. » [
25th IEEE PVSC, p.1005 (NREL).
common technique.

@ D. Rudmann, et al., Appl. Phys.
Lett. 84, 1129 (2004) (ETH).
Technique developed by ETH.

Buffer layer
NaF

Most alkali compounds are very
unstable or deliquescent!

nuaRaA BRI TSR




ASTL%
— Alkali Silicate Glass Thin Layer Method —

Light :
— Al grids

& g ZnO:Al (500 nm)

( i-ZnO (70 nm)
—— CdS (50 nm) ASTL: RF—-sputtered soda—

lime glass thin films
(SLGTF: 0-460 nm)

Na,0+:Ca0*5Si0, with a
trace of K,0O, Al,O,, MgO

Mo (800 nm)

Flexible Ti—foils (20 mm)

wrsEEA EE SR TR S TR PR

ABEEREERE 54—

5. B &R Bl
(reduction of use of resources, In and Mo)
FHEH: B
FVER. BlGEEMBEOEREER
) EaRF DBVERTEYSDIRLF—EER

(low cost, more energy for less material)

Al

ZnOE =

Al

~

———

———
~a

uurEsEA BT STRZRR




(1) Mot I 8 D1 s

thinning of Mo back contact layer

morphology of Mo thin films

(a) Ealih)
70nm 200nm 800nm 800nm

MoDFERAMLIFEATFEMRS . MoW B2 5 LRI ZH B ZIB K

s BRI TS

BERENMES IV —MEROMIEE& TS

resistivity and sheet resistance as a function of Mo thickness

-3

T T T 310

U—HMEHUEIMEE I/ ELfIL .
MolE[EAVE L ViRl TRBICIE N

(Q/0)

Mo EFH D &EL

o— MEH
Hinx (Qcm)

IRE70nmDMoEEEBD L —MEHT
10° ERI Q/O0M55 Q/O

0 200 400 600 800
MofE[E  (nm)

auaRsA BRI TSRS
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B IE'EI ~ N
CIGSAGEMDEMMELMEABBDIEE
cell performance as a function of Mo thickness
(KERBSOBE
E effects of water vapor | 18
| NajiErEOiEM g :
P o RER K—ILREOEN o
i o clgswaRREOME | = 16F
% S Ishizuka et al /| &= F
RO STy o, OO AN 17 5 S ST 1T
o 5 KERIES L
s L HhY
) ; 12k | 1 1
0 200 400 600 800
. { «— Kt MofZZ (nm)
H,0%
LT E Lt Gl
ERABRENNORA —

AIST AEAREHRRE5—
, V

-V %
BERD/4

T T T R R
- with H,O vapor ¢/ Mo thickness: 200 nm 5%

]
En'c 16104
Jsg: 32.05 mA/cm? i
Vs 071
FF :0.74 i

D1
Mo thickness: 70 nm
E, : 160%
Jso: 32.26 mA/cm?
| Voo 069 V

" Mo resisitivity: ~2x10”° ohm-cm

N
o

20

Current density (mA/cmz)

e e s e e

B ZE 488 HN 1o D I 451
0 | i , 16.8 % (Mo thickness = 250 nm)

0.0 0.2 0.4 0.6 T. Morimoto et. al
Voltage (V) Proc. of PVSEC-17 (2007)

oA BRI TR SRR

Mo thickness
70 nm
200 nm

L F T2 ) = P L ) (LR i §
||||l||||l|||||1||||||||

o
©
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= 3t s
(2)In{s A= O KR T
reduction of use of indium
-CIGSEE{E  -InfARKDIER
thinner CIGS, less In, more Ga
18 | ERRTE PR AR fo 10p .
16 . 0.85— :
L3 ® o ke
o 14 @ L
i "o o
R I o4
12§ © il
02f 3
10 1 | 1 | | 1 , E
0.6 0.8 1.0 1.2 1.4 1.6 1.8 O e B0, ioon 7o
] . ol iy o g T GERNETORARERT
TUmML T CEBRMEBELAKREBIZIET 4 T 1 (e
sy B TS THZE R

SERICIGS KRG E D1t

performance of a thin CIGS solar cell
| I |

SHRODEE
SERWG-CIGS K& E M N ERE=L
- FEEAC O AT D B

Eff. : 15.3%

Jsc 1 28.9 mA/cm?
P10 E

- C Voc: 0.71V

(mA/cm?)
N
=
I LI |lllllllll|l L) Illll

E FF :0.74
0 - 1 1 ] light trapping technique
00 02 04 06 0.8
BE V)

Mo (400nm) . CIGSHE/E0.8 1t m. Ga#AR}0.42

wumr A BT STERRT
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6. Ik £ {7 (derivatives)

(1)ZnOTAKF vy THE(K (ZnO semiconductor)
THEY - EH, KRS
1) BAEEFE(TORE) . MIREHEOR L. T H ORF
2D)EBEFTINAR2RIEEFHRADFYIT DERERETTE
HEMT D B {ESEEE
3) FTINA X :UV-LEDD EIEREE. MgiRMIZKAHFHAEED
KigZm L. MEFORENREMHER

(2)CIGSA A*—T 1Y (CIGS-based image sensors)
O— LSt EDOEREHE

1)CIGSF AW =AM A—T 1 — O ENESEEE (HFR4))
2)Si-CCDIZHERTREE KigIZF £
3) E{EFHRIZLY0.001 LR (EBEMNYT) THEIRERH

wirsie A RIS

7. £L8 (summary)

1. IEBEEILOEFNZEL (small-area cells)
-H Ny D7 B OB ER TR 5
- CIGS £ #& AL R D FT{H 12 R 2
2. KEFEIE BT DB F (integrated sub—modules)
HIRES1—IILERBED Y TED 21— ILTEE16% U L ZEIH
- CIGSAUSAVENREIZ& A Y TED 12— ILTHE155%L L7 EIH
3. JLFX T ILKIEE M (flexible substrates)
-#TLLINaE AL (ASTL) DEF
-EERELEME (S REMR:17.7%, RYT—EMR:14.7%)
5. H&IRIE-{EaRXMEE T low—cost)
-MofE/E400nm. InfE[F0.8 u mTE N 15.3%% K17
6. IR FlT (derivatives)
-CIGSA A —U oY —THEEMNRERHER

wiriozA BRI TS SRS
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SEDEBEEAFTE (Future directions)

(1)/MEFELIL (small-area cells)
‘FREEDOME L, i\ I7EBOEE

(2) KEFEEYa1—/L (integrated submodules)
EmEERNE EBREENR L
-EHEEEDE B
-EHEMEOF@mER £
-HiiiEiz — FEL

(3)AER-{EaXMEF T (low cost)
-REBEMHEORAE. FLEEFEAZEDER

(4) ZFHIKREEMEMDBEAFE (innovations)
AR FEE

auaasaA BRI ST
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EERMREMER KBEARERAEK L F—
ERR2IEESE AERRRERS
ERk2156H22H

BB HT—LOBME

BRFMAT—L
= H EFE

s A EERR T SRR

ABERERR LV S—

BERKREENDOBE

QN ILERIGICEKYHRE TiO,ZE&RTHERLLEXXEER
Q@ BEPDAAUNRIRILE—ZHE
O N\y T —RRICE RN RDLE
@EE>10um

— EREB(FEFREHARER Jiea
WMR | o

— FRNRARREb HRA FOLBEMEIEICKBER

@ )a LRI EEp—nEEN
RE
OEFIDEFRIRIF—ZHE
OEHMELFRFLE|LILE:
L EERTNNIRAD—
OEc= 100nm0)1$3§ﬂ§i<3§'§"|ﬂ pRIEH L BAEIE n&ﬁﬁ#iﬂ*ﬁﬁ
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=N=EN — /B
ERAXEEMOIZEDE=
BREEXIGE
2006.12 |Konarka |[5.15% |#HERF+—=9F NREL;EI7E
2009.2 |fERILE |6.5% FREF—E o+
2009.2 |=z{t%E [4.9% BPRIEHDF 2mmA+t)L
2009.3 | ®EL 5.5% R FF—E9F
2009.5 |Konarka |6.4% R —E o F NREL;BIE
BRIERAGEM
2006.3 | SHARP 11.1% Ru-dye AISTRIE
2009.3 |Greatzel |12.3% |Ru-dye
muiEsE A EE ST i EA S ISR

MEAFFEA—FKT YT

FREREABERRRO—R<yS i
FY 2004 2006 2008 2010 2012 2020 ~
| | I | | |
TEIM FEIH
———————— BA—SIH(L —————————>
N R 2#5% @1cm2 E7% @1cm2
E _MeMERELE | S T AMER >
D ABERHAY AL s BN a——
0 e - FLrFoin
ES = #HEm Wi i)
s 4shgse 100n%5
b
fi
| BIRERE » i i,
BEEYE
2R
B - > mm#k__ >
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AR BT — L OBRRAEH (2009. 9&Y)

A 5% (34)

RARY 14 (14)
TIO=NIVAZYT 5% (34)
HEFE 54 (14)

HIER & 24 (04)
HEHFRESE 6%

RTBHE X Z

Sy alEF AT LLET

BEEREAXGEM

wrrEA BRI SRR
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ST FREDER - MEHER
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EAFRILUFEIILOREREFT DR SROAIHEMSE

—5— AM1.5G 1sun
—— Dark

[ Jsc 9.68 mA/cm’
Voc 0.62 V

PCE 3.8 %

o

[ElakaiTo)
F{E
FE 064

»

o) -1.0 -05 00 05 10
Voltage / V

D

Current density / mA cm’

iy
=)
T

B PCE:3.8%@1cm2tz/L DI-V4siE

JscDTAFFHED 1415

— [Jgg X 1.4] X Vg X FF

— Efficiency 3.8% X 1.4 =5.3%
 BFTRYISE% L E

Y position / mm

X position / mm ) Emﬁﬁmiﬂ_ﬁbgig
LBICEIE C&DIscDZHEN D (BT, BRA M ORREAEH)

A BRI S THEAR

AIST ABEEZBHE 25—
AR HF-BERATOERILOREEIC
NI DNV ITEDZE

o AIEMBIZEIESNh TLADH ? SMEINS 2 RAINS ?
® PEDOT:PSSIFAIZEBDERILZREL TLNDEM ?

o

> ARHETIE. lﬂ‘fy?ﬂg&LfPEDOT:PSSﬁ%L‘Ii&ﬂ:?U7"7"‘/
(MoOXZRLM=tIL. Ny T7BEEALAVDELOBEDLLOKRS
B COSILEBE BB LT, £1- AMA U TYF U 2 EBE
SHEDXPSHATIZEY . ABBOBILREDBAET o1,

ITOE#E
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Dye-Sensitized Solar e(_:ell

COOTBA

T ERTIE l

TiO2F / &

LUMO
e- EE® e_<—‘,-
A%
LEySR
44>
HOMO
N
BRI

+/ R—S5 ATiO ElE *HE

murasA BRI AT SRR




B RSB ABE - A~ DS

O E€EBRuDERMHIH
— [HEEROTREHE
eg.,1m2EYa—)L(8%) 100H5kW—Ru1.3 k>
RUDEE 19.1t(2003) — 18.6 t (2004)
(AFEEREH)
O EiMAHE
FE =ML GEDERBRERBEDERK
~11%Dt)L — MAKERAFTEEL

HLWEEZER W =T A RABARNBDERTTR
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EE (FHBAEREHER)

0.4 0.6

Voltage / V

0.2 0.8

Electrolyte
MPIml + 0.4M I, + Lil + TBP

E
:() CN
S COOH
> n=8.3%
2]
o)
}033 °T Jsc =15.2 mA cm2 MK-2
g [ Voc=0.73, FF=0.75 Irradiated light
5 4F AM1.5G (100 mW cm-2) AM 1.5G (100 mW cm-2)
= mask and no AR film with mask, without AR film
o : . : TiO, electrode: 16 pm
0 0.2 0.4 0.6 0.8
Voltage / V Electrolyte
0.6 M DMPImI + 0.1 M Lil +
n =9.2% (N719) 0.2MI,+0.5MTBP / AN
Jsc =15.9 mA cm2
Voc =0.78, FF = 0.74 Wang et al., Chem. Mater. 2008, 20, 3993
wrsEEA ERIR TS TR
AIST AR S BHIE 25—
S, =)= N
11X BIFEERRE (MK-2)
16
£
(&)
<12}
=
2z
2,0 n=7.6%
§ Jsc =13.9 mA cm2
o Voc=0.73 V, FF =0.75
3 [ AM1.5G (100 mW cm-2)
mask and no AR film Ny - MPImlI
0

N = 6.2% (N719)
Jsc =12.2 mA cm—2
Voc = 0.68, FF = 0.75

Wang et al., Chem. Mater., In press
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KEV)AVF—LOHME

Recent activities of Advanced Crystalline Silicon team

A I Isao Sakata

SN
EME-REEROFERYIVKBERDRER
PR

mEE-BERERY IV KGEN
AEZEEYMELEMFEREOBAEDE

Mission of our team:

Achievement of high efficiency, low cost crystalline silicon solar cells
Approaches:

Thin film or thin substrate cells

Combination with dilute nitride semiconductors for tandem cells

nussA BRI GTRZIR

AIST ABAREERR 52—

HASER - iESEERE R T O KEE M (Thin film or thin substrate c-Si solar cells)

SLE AR OB REHMLFERIE (lower production cost and feedstock issue)
|
— DDERE  KEEMOEIZER : HEE200umEL £ —100umELT
HBER: EX100umUTOI) IV ERZEER
WS BEAEERBAEES3yIR) £ EE30umELT
solution: thin film (< 30um) or thin substrate (< 100um ) c-Si solar cells

BER )L ERBMTORFE technologies for thin substrate cells
1. NEDOZHAMR  BEREATOREL )OIV KIFEM
TSAIVAHRIYF U IZ&BRET VAT surface texture
- {& ;B Back-surface-field(BSF)$fff low temperature (LT)-BSF
BRI BUEIC KA+ IIVABI R
2. BEHR
EARES100umL AL D)L AERBE RO ER E TESTTHAREN ?

srstos A EERER T ST
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BRIV F—LTHERELTWS L
Thin substrate c-Si cells developed in our team

ﬁﬁﬁ&#ﬁ
(6X5cm, 2X2cm)

single c-Si .
me-si 120 m {003

BEELAILTHOES commercial level
. = |

200 150 100

JLDES substrate thickness (um)

s A EE SRR ATES SRR
AIST ABEREHE 54—
HERERIIVKGEM 20065FE ~20084F E

25t il 5 T BV K B B v oD BT 7 B 3%

z Z ;j;x ?ﬁg Plasma-less gas etching for surface texture formation

(IR I RRB SFHAfT
(p—type a-Si:H)

LT-BSF with a-Si:H

T FEAR

NEDO contract (2006FY to 2008FY): Thin substrate multicrystalline silicon (mc-Si) solar cell

mumie A BTSSR




{& ;B Back—Surface-Field (BSF) #fff LT(low temperature)-BSF

Back-Surface-Field (BSF) :
-REIZETHVEF I TERE DER
reduction of minority carrier recombination at the back surface of substrate
-EEICEREFALEGEEETIYF VI TRENDEVEBZRIT. REESIC
BITHBER M OHIHETTS
DEF)TDEVERLTEREEREEER

{K;& :200-250°C low substrate temperature: 200-250°C
- TORRIZHITHEEAHFKEEZ TS can avoid thermal generation of strain
SERDITFADEA — RY(A-BSFORE) D7ELBSFRZEL
BSF layer formation for thin substrates without bowing

‘RFFSXYCVDETpRI ZHER ) 2V E MR (EES100-120pum) DEEIZpH EE R
PECVD deposition of boron-doped p-type a-Si:H
on the back surfaces of p-type mc-Si substrates (100-120 pm thickness)
BEAR DTV KR ORIV
pTBIE[E:10-60nm layer thickness: 10-60nm
mumisA BRI AT SRR

ABEEREHRREF—

ZmE (p/p* i) DBHEERELBSFIEREDAARN—ELTIRE

Back-surface recombination velocities as a function of gas-phase doping ratio

amorphous /single -
epitaxial- ||ke/ single

amorphous / poly
microcrystalline / poly

-
[=]
)
EXeO

1000cm/sEL 2
=0

Recombination Velocity Sbi{cm{s)
3, 3
XAXK

10 10° 10

Gas-Phase Doing Ratio rgas (%)

CEEBEESEEIRERILORBEFHNEOBIFTNSKOT-

-1000cm ./ s TOBHKAEEEZ200°COTALRTER

'?iEﬂEGDT)b:BSF[‘EEfﬂ'S( L ERERTRYNEELLZL
BHEEENRTLZERERTEED

sRcsA EESR IR WTES STRZAR

b Lo an

10 L




AIST ABERBHE 22—

KRBSFIEIE FEHLRE

LT-BSF summary and issues

F = : advantages
- ZHERmYAVERIZENTEED applicable to poly-Si substrates
-1000cm/s I T D EEEHEERE

recombination velocity, S, of less than 1000 cm/s achieved
- 55 [% (40-60nm) TIE:R (200°C) FZ X thin film(40-60nm) at 200°C
SERERTORYMNELALY no bowing of thin substrates
sBRGEE : RIL—R—ILaV AR E

through-hole contact not necessary

SR ;issues
"SREERTE., BERERICERTEABRESEED, FEW

Sy, of poly-Si cells still higher than those of single c-Si cells origin?
-REHERSEE KRR THESh TS DN ?
ROVF—TEO—BOEER EALED  higher quality of BSF films
"BHRMED—BORL reproducibility
“THEE R E DR HZH ?  heat endurance

wurc A SRR TR ST
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TILEE T O+E R Cell fabrication processes

‘RTPIZ k5= BERL
EIJLERTOER (2cmf) rapid thermal annealing

800 |-

. BA—U BT yF 24 damaged-layer etching
. TORAFY—IVF Y texture etching

. Y2 HiEL phosphorous diffusion

. SINJEHZR% SiN layer deposition

. BIBHAL (RAQ, Al RUY—HIRI)
silver(surface),aluminum(rear) screen printing 200 |-
6. MERKFBERL rapid thermal annealing

7. 2cmAEILICOYHL(FAL T Y—) 0
dicing

600

400 -

aprpownN =

Temperature (C)

(Ve I L |
0 20 40 60 80 100 120

Time (s)

= Il

wuaRcs A ERI TS STHYAR
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FEE100um EFERI)aL L0 HE (BBRL-ERETOEXTER)
Performance of a 100 pum thick single c-Si cell fabricated by modified
conventional processes
-V itE BFHE
40 T T T T T T 1 . - T T T T T T
L 08}
Ng i
% 7 i | x 06 :
E 2} i =
- | ) g o4l
= [
Q 10} 4 [
0.2 i
0 | 1 1 1 L 1 0 [ 1 1 1 1
0 01 02 03 04 05 06 07 400 600 800 1000 1200
Voltage (V) Wavelength (nm)
Jsc(mA/cm?) Voc (V)  FF Eff (%) ES100u mDEHFRSE I EILT,
348 0620 0802 17.3 ) | 17.3%% 2,
(34.9 0.624 0.798 17.4 (E&180um)) | 17.3% efficiency for 100pm cell
mmEA EERR AT ST PR
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PoCl,ZALMen* TSV REHAL: /v FR

using PoCl, : batch process

N* emitter formation by phosphorous diffusion

Exhaust

¢ TAUANDEEMUMN LGN

¢ HEBRIADREAELLY

S HERTADWEBIZIRM DS
!

BRILERIC L Dn+IIVARERRL

solution: spray diffusion

Slices on n
carrier
- ol == | urn box
e = S e
1 I alves an uartz Cl,inN
___________ t i}lovlv mclcgs diffgic: tube 2 2
| ARBERR | T 4POCI, + 30, -» 2P,0, + 6CI,
! POCl;  2p,0, + 3Si — 4P + 3Si0
0, N, “jal— Liquid source 25 2
Temperature-
controlled bath
#: difficulties in thin substrates
BAEBE =t

R EERBR TSRS AR
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FEhILDTAER
Ry | P,O. solution ‘ ERIFICTHRER
DENSERT Szpi; coating TULER T (In 1 atm N,)
|
Solar cell Si;N,

€1 Firing | €=

<—| HF etching
measurement

deposition

1
1 Sheet resistivity :
measurement :

Spin coatingZ &

Hot plate#z 1§23 & BRIF

o RIS AW

ABARERR L F—

FMILEPOCLIKBED LB : AFE DL

Comparable cell performance between PoCl,; and spray diffusion

<O MUIRIZ LY
M iSOCEAE IS

SBOFE:

-FERDZHERER
~DiiEF

CHEER )L EE TR
~MiEF

Future plan:
application to
various poly-Si
substrates
thin substrates

wurase A EEMR TR STRZAR
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ZEAKBEM multijunction solar cells
ERSIKEEMDOER L

: ) X e 20 AM1.5G efficiency (%)
# h el}: 1= {OYAMAS =2
£ [&”R;.&EEEHEX :g’\'"yja)ﬁébﬁﬁﬁ .§,1 8
iy REENE, 2"
*5?:&:%1@. SllJﬁ?%é’?‘é (InGa(As)PN (/3K 817§
ARV R BERANRE FowT1.9eVEEEND) F
ESIAURE S Q16
1.1eV ) D#HEDHLET Q2

Efficiency improver.r'lent gf c-Si £300%.121 (R 15k
solar cell — multijunction — BTED,
combination with widegap 10 11 12 13 14

iterial (Eg ) eV) Bottom-Cell Bandgap (eV)

Maximum projected (achieved) efficiencies (%) for multijunction solar cells at 300 K.

Junctions Materials Band Gap AMO AM1.5 AM1.5
1'sun 1.sun 500 sun

f1 EQ,(D g‘g 7 GalnP/GaAs 1.8 eV/1.4 eV 31.4 35.1 38.1
(=] KEE:&KJ‘E 2 GaNPAs/Si 1.7eV/1.1eV 33.8 374 43.8
o)h%ﬁ 3 GalnP/GaAs/Ge 1.8 eV/1.4 eV/0.7 eV 34.6 (29.3) 38.6 (31.0) 44.2 (32.1)

3 GalnAsP/GalnNAs/Ge  1.70-1.85eV/1.20-1.25eV/0.7eV.  87.3 40.5 473

3 GalnP/GaAs/GalnNAs 1.8 eV/1.4 eV/1.0eV 39.0 434 489

3 GaNPAs/GaNPAs/Si 1.8eV/1.4eV/1.1eV 36.6 40.6 47.0

4 GalnP/GaAs/GalnNAs/Ge 1.8 eV/1.4eV/1.0eV/0.7 eV. 39.1 40.5 51.0

J F Geisz and D J Friedman, Semicond. Sci. Technol. 17, 769 (2002).

wEsA EENRIRATHE S TRZ AR

AR RERE L 5—

H-V-NZR 3} E (K N-V-NREBEOEFERENVEX vy

4
SICHFEAETEH.ELD v
NURX vy TE=HT 58 % .| GaP AP
MI-VE LY TEIR AR, = g ".__N Gapl_ | A
3 N 1 GaAs, InP
-GaPNRIZTAF/A\UF o) &" s
 OPL L TR 5 N it i
InN GOl oA p
-GaPNF 3. BN AE : EREE b
L\&:éffﬂﬁ*ﬁggfﬁéo A1
44 4.8 5.2 5.6 6

Lattice Parameter (A)

GaPN:SilSHFEAT 5. EEORVTRES TRV T AR /N\URF vy THBIEK
l
AU F LEIZE RV AV ABERO—BOBENRL

GaPN: lattice matches to Si with [N] of 2%, wide band gap of more than 1.9 eV
suited for the combination with Si

wrsaosA EERR AT SRR
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EER Experiments

GaP(100)substrate,Si(100)substrate
Tsub: 400-600C

RF power: 200W (typical)

VI ratio: ~10

N2 flow rate: 0.1-0.2 sccm

GaPNEEmRK & SRS
‘MBER(E RF-MBE growth of GaPN
-2BEGaP/\w 77 & for SiEiR
MAERRKEE-300C-100nm
i characterization
*RHEED
-ERHMAL:XRD
s 2 X : AN 2 i & ,\0 \ P
ji%tﬁﬁ?b:gfﬁn&ﬁx 2hms 2-step buffer layers for GaPN on Si
Normal GaP buffer for GaPN on GaP

*Normal GaP/\vJ7& for GaPE#x
s R AT SRR

Internal photoemission

AIST ABEARERR L 5—

ERRECEDHGaPNFEED T+ LIREV R (PL)DEIL
Photoluminescence of GaPN films as a function of nitrogen content

(900°C/1min annealed)

RF power/N%

o N, flow rate (scem)/N%
0.1/2%

0.2/0.6%

100W/?%

120W/1.5%
M&S% _/\ . 03/1.0%

600 700 800 900 600 700 800 900
Wavelength (nm) Wavelength (nm)

Intensity (arb. unit)

Intensity (arb. unit)

"ERREOEMICAEL. GaPNEEDPLE—(Z Broad PL peak around 600
RER(BEIRILEF)FIASTH -650nm can originate from
- GaPNEED M DELPLE—S
- ERIVFRAI—MRICLHEEFHTD
REERLDRIRL

nitrogen cluster in GaPN

auaRsA R ARSI




GaPDO#tE Properties of GaP
1. F=\UrDFH 2L
p#! :Be(56.6meV), C(54.3meV),
Mg(59.9meV), Zn(69.7meV)
nZ! . Si(85meV), Te(92.6meV), S(107meV)

2. EAFYITREE
T U7 EE2x 101%cm3T#120cm2V-1s-1

GaPN®OK—E>% Doping to GaPN

1. nE: Te, SHATRESN TS BEL. REICEY
R—ILOFERR SN BIEBEN LT D,
SinER# LNz, F—E T RGN o=,

2. p#l: BehERALNT=M . F—ELTHMREL G-
1z
ClZGaAs, GaPTEEHY.
=CBr,Z#8ALT. CIZ&k3pEF—EVT DEH
Carbon from CBr, as a p-type dopant

GaPN~MDF—E>% Doping to GaPN

A&

REHR 54—

e
¥s [— 6aP
¢

s S
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Hole concentration vs mobility
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F&& Summary

1. F—LDIv Ay EME-BEROFERY VIV KGERDRE

Mission : Achievement of high efficiency, low cost crystalline silicon solar cells

2. 1EE-BEREERS) I KEZEM Thin film or thin substrate c-Si cell
- {& ;B Back-surface-field BSF)$fif low temperature BSF
EE100umLRILDEIL : FERBBEMOER L TECETHEEN ?

performance of cells on thin substrates using modified conventional processes
SRR Z & Bt TS VAR formation of n* emitter layers by spray method

3. V)AL EDAUT LMEICHIT-AEZRL WL EMEEEREMHDOER
GaPN for the tandem solar cell (combination with Si)
-GaPND T+ MLERtY R (2K HFHTE
Photoluminescence Evaluation of GaPN
-RFEAITKBDpEIF—E>%  Carbon doping to GaPN
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5% DA -FE Near future plan

Tyvay EHE-REEOERS)IVKBERDRR FEH LI
77a—F S5IcHELR. HAIWIBRELTS

no change in mission, approaches will be modified
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c-Si cells: cell fabrication on thinner substrates, new texture technology,
and new type of cells

2. GaPN
-nEKF—E>% n-type doping
- BRI OIEHE fundamental properties
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-SiGeMMBER ELEHE MBE growth of SiGe for solar cells
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Recent Activities of Novel Silicon Material Team
— R&D of Thin Film Silicon Solar Cells and
Related Materials —
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Efficiency development of thin film Si Solar Cells
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nc-SiGe alloys ;

Materials and devices
for
higher efficiency solar cells

surmaA EESREITE SRR
AIST AEAREEFE 2 —
FIT VR T LB HEE KBS Eith (triple tandem solar cell)
a-Si:H pe-Si:H pc-Siy Ge,:H

a-Si/ pc-Si tandem solar cell

Low absorption coeff.(uc-Si)

uc-Siy.Ge, .

pc- Si, Ge,

FO—FryFEizkY, BLAFRs
RELZ/LIILERET

L J A A Higher IR response

QE (a.u.)

double n=12-13% — triple n=16%
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SEIES ) a2 B FERRE (Issues for Thin Film Si)

o« B &Euc-SiGe (High quality material)

‘ e
=

HE W E /M ER T (High throughput process)

Eﬂ}

. EEBIEEFEREEE (High quality TCO)

- EENXEACASHE M (Light management)
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NETOMEME Sofar ...

AR(TiO»Zn0O)
AR SnoO a-Si:H uc-Siy gGeg o:H
(TIO/\W g \2\‘ 0.25-0.3 ym 0.7-0.9 um ZnO/Ag
«—>
=\ o

1.0 7 {7 B W P ER e T NE |Sang E
> 3 Stk __ area: 1.0 cm’
c 08k uc-Sig 5Geg ,H (0.9 pm)] 2 10 E 3
% s 13.7 mA/cm? g ]
S oef > 8F 3

‘® A 2
= 3 4 1 c 6F J_ 1 11.7 mAlcm 3
S04k S heStH SRR V134V ]
= [ (2.0 pm) 4k 2t 3
@ 123 2 z FF :0.688 ]
3 02f T 1 o .t N :10.8% ]
G S ¢ = 2F sl 20070 ) 9
[ >

00 PO e | gty F oy g MK 1 i | O 0 il P T AR i U B O 1.

400 600 800 1000 00 02 04 06 08 £0% 152 14
Wavelength (nm) Voltage (V)

TR LBE20% U T CamEMiEmSiGe
Device grade Si, ,Ge, alloys for x < 0.2
AT LRBEMDRNLRBOEEL
Tandem solar cell with a thin bottom layer
s ERIE AT ST




AIST RIEARERE L Z—

AT aESI, Ge, 7 O—F+vTHEDEZEL
High quality uc-Si, ,Ge,:H as a narrow gap material
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uc-SiGe DY  (Material properties)
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High performance TCO; Rapid thermal annealing of ZnO;Ga films

Wet chemical etching Hall-effect measurement

30 For as-sputtered GZO films

o) 2
25 ] / 27 cm?/Vs
W/O RTA
20

155

21 T T T T T

107 5

5x10™ \
10'33

5x10™

~2 X 102 cm™
.

a~7%10% Qem

Resistivity (Qem) Carrier density (em™3) Mobility (em?/vs)

RMS: ~150 nm Low Transmission 'ngh 1'mnsm|ssxun

0 100 200 300 400 500 600
High Haze >45 % even at 800 nm Annealing temperature (°C)

Rapid thermal annealing (RTA)

Highly transparent and conductive GZO film with proper surface texture can
be fabricated by simple process with good reproducibility.
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Cell performance
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BMEETCO In,0,H 7(SPC)
High performance TCO
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B EHBILIEEZHFORITER

2D Self-organized texture as a reflector

Aspect ratio ~ 0.2

IT Ag
(75nm)

f\ = 0.1 um (40V, (COOH),)

ZnO
(40nm)
Ag

Anodized alumina with a honeycomb structure

0.9 um (370V, C¢Hg0,)

0.45 um (195V, HyPO,)

*H. Sai et al., Appl. Phys. Lett. 93, 143501 (2008)
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RS E RIS B 5 HABEEDHE (1-um-thick cell)

Better IR response

O Enhancement of IR response by O Maximum o 18 obtained at A ~ 1 pm.
increasing A. O J,. > 25 mA/cm? is within reach.
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*H. Sai et al., Appl. Phys. Lett. 93, 143501 (2008)
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Diagnosis of processes ;

Understanding for further development

wrEs A EESE T SRR

AIST ABEARERR 52—

OaYR TS X< CVD DB

LEETE

VHF(80Mhz) generator

= B /

e, : maching box elc;tmns \
2 3 mass tor ":oxnaor orifice sid Electron temperature
%, enegy g foki H, SiH3, SiH, generation
<" flaments
Cou.) anabzer PWD
[avnna,
laser ¢ @ Polymerization
o) }\ SiH X i from LOS to HOS
iscentialy purripsd lens L ~ Pore films
<2108 Torr
® K ¢ ¢ Jnanoparticles
differentially pumped \
.5 mTe Al J
< 0.5 mTor “_.. e il L \ ITon bombardment
¥ iummpanan L4 photomultiplier 2 ) i
= Defect generation
. rearrangement
HOS radicals

TREDFRF

| Si,Hs,Si;Hj,.. | heating  pangling bond
termination
V ’ \ ‘% iy
\7o N - o e O Or<
>
O

EREGEERICE. RECRKBBREERLHMT AW !

wersas A R ATHE SRR




AR EHR L F—

TSV IOER DI R IEHEFIE
1 SEREROBERE |,
10 E g T 10
EE | HRE BE
10°% 10° & PN SRR BT g |
5 = L TOERRRE B
ﬁfé i e i e o
i ® L ETRE L
S 4o | 10* R DR I T - A
=2 i LA
X & =R IRLF— &Ly
10°% o0 &
{ELN SiH4 fE B = =S
1 10° 107 2 ST =
goz - g; 7"715“ {f‘g r"%‘"
= ol 0 @ bE FoETRE KB
R IR .. e AR
0.01 0.1 1 10 100 1000
BERE (s)
cHMEHARFAME  EHL(B0%IEE)
cHREHBOBRMZEL RE-DHRERESNE
wummEA BRI SRR

ABESREERR L 5—

FrETFr—Y2 T E I (CRD)EFEN =TI TZ M
Plasma diagnosis by CRD method Time evolution of cavity loss
due to nanoparticles
i B T ~150 «c
7mm
— 1072 (near the GND) J
% i
=
g 107 il
> v‘ S R gpe
o ! <
S 107F 0l ®
Con’d
107 -t i
T, =150 °C
I 1
t c 10
S [
2
2 F
S .
s —_—- o il o
SIH3SCAIVRE., AT —BEREIC g
Cdl R s S & |
%)
Radical distribution B il T I
< substrate temperature 10 10° 102 10
Powder formation Plasma On Time (s)
aumoeA BT ORI




AIST RIEERERR 25—

F&H (Summary)

1. pe-Siy,Ge, ZRMLAEILELI-2V T LAKBE MO
FA—F-vy TR F I (S RHE)
EEEEEREREER

RTA%
ElfE#ERILE

B &b R E iR

2. ISATEHmBRIz&EATOERDOEEIL

aumasA BT SRR




AIST ABEEREHE L S2—

SEfli - S AT LF—LDEE

=l =8

mnEcE A RS TS S TRAAR

AIST AEAREHFE L 5—

SAT L
B
Wiy — RiE, =R

B | w27 Lms

AT LER
ABEBES 21—
HERE - (ERENE /
£
RREE,
men:
ﬁ%‘ﬁ;ﬁ& // BHFEETD
Rt
B 447 1
WHrZRaS EEE
FEARRRONSE % EEE A b
o153 34

NP5 E M ETE B i - 2 AT LR AT D 1% E]

e EERR AT SRR




A DI=])
S EADIZNE

2030 100GWRDPVEA [CAR R Rz FLiBOEEL
BAHFHTERILT S,

ARG it 1 REET Al B 1l - (5 9 14 S il Fs 4l el 5
PVZ A5 Ls il 432 1 52 W % il Bl

ARBRATLOKXKEGA, ERFFRSHIL,
WA RE, MRTISARICERLERETS.

i A EESR R TR ST PR

AIST AEERERE L F2—
BiE
E2 13

AR EREMRHEON—YEVT(RIL, AR
Bk RRE ERNESORR

-REBEI1—IVHARO=HOHHITMIRE, #H-
i - WRER 5B

-IXNVF—ERARET-FRE

ilﬁﬁlliﬁi-i‘ﬂlﬁﬂi, T 2—IVEN BT M5 4

*PVI A7 L PRl B B 9% 47 - il (L B BTt 6
WML, RiB{boHtE

murms A R TESIRZNAT




ABAREEHFE 57—

Bl - AT LB ffTO—F<yT
FY ZOIO4 20|06 20108 2011 0 2011 2 2q20 =~

T=miy S >
. STC,STCH TOHEAERT
MEAEEN EU2— L4 R -FL—HE TR

4 BE Sl HE i Si, 24, 1t&%, DSC B Bip N T pohed A editsd

i — :
HAEA BT BHELILFENE<1% .- %
B IE EHES—LEH<0.5% | [ VISHHE [ECRHE i
A
= Sa—
S K- BILE—RERED gg;ﬁ I HI0ERE : e
B lits a0 R B (R AR A - 35 A1 e
JHAo)VEE | BRI - Bl “HOR - M - AR EeE
E o
- ESILBAMARE | | S TR AP
g;;;fﬁ B, SR EH Py . :> o
2FHESFEIRDB A My
L
Wi T — SRR AT L 'iﬁﬁ%ﬁﬁ% 4 &
PVYRT L gﬁ;ffgggw s | | -REIRRELREL A I:>

BRI MR | BEfesaL—say | | FEZRSAmRRSX

BMBETH, 2—F | | s AmmemEss
FAR

pusEEA BRI TS STHZAR

AIST ABLREREEF—

Sk B2 . 527 LA BT
B KBS BBt 4 se ST M 3 fif aft=aiel I

o

EHiE : STC,STCH TOHMEREEEA (Si,
Z§ES, L&MW, DSC)

Spectral respones (relative scale)
&

1. HEKESE L REFT A DB

AT (S S, CIGSZ) T e

(i i UFLRBEROS RBREREE
- ED2— LSRRI TRSE st Lt
-KEBEEMREILY—DT L
2. SVERHL T L EEAE, ERSLESEIE B R B e
-%19100_&>71)L/¢ o JIS*R*@(J}:%Q IECfE%?*Fﬁgui’%EP
-EV—VERLEEAIE: RIFEER (22
RIS MEEIT E © 3
WAIE R iT#E% (NSTDA, ITRI, ete) |27 ; '
3. iﬁ*g{t, *$$1tAwﬁmﬁ ”;03-024).1 D‘ 01 0.‘20.30.4 05 08 o
5 IV##TE;EE%E@IEE%} Vokage (V) Irradlance (l/cn®)
- BIEE 5 SRR B e _
_"\.”S, |EC’\G);¥m (%E) Eia;l;ﬁ[‘:g/ﬂ@/mgfkﬁqﬁm%/ﬁ“

wurEEA R R AT SRR




AIST AR EHT L 2—

ARGEMED 1—)L 5 BB TE Bl

PV Module SR measurements

> STCAIEPIRILXF—EREDEMIZH
WT.KBENE 1 —ILODILRRELEIE
WIRCTRIET AEMNANE

- F IS > RS EEABEICARSOES 21—
' ! ‘ DRBERMSSCREEEERSR

&
EDA—LRBEREERE (CEP-MT)
Module SR measurement apparatus (CEP-M7) Mask to block bias light

tp cell being measured
Mono. light

Bias light =

Mono. light  Suppl. bias light
Bias light

Bias voltage ¥- [E t——//

BESIRABELOMER MBAIBE RO RER
SR measurements set up of ¢c-Si module SR measurements set up of thin film module
muEsEA EE T MR ST AR
AIST AEARERE 57—
H#E KIS T it TE AT i
Calibration performance of AIST RCPV: EEHEEZE (MRA)
WPVS Qualified Lab
AR : ILAC
DSRi% sl i ERSSAERFT SR 2 1 h
: e o I
APLAC
TOTREHSERT
Eﬂibﬁlﬂﬁﬁ
: Commi>
IA Japan HiE
(ASNITE) i
: JISO/IEC17025 J
« (T
’ =8 EEOREH
r ASNITE A5
. ¥ 0021C [—
- AIST = JJ
AR D F I {EAS o &E DR M
. *XI“E nﬁﬁﬂg = =
“Key Comparison Value” One Stop Testing
s R ATEA




ABLERERR L 5—

—REEFEDI—ILAY—FIIaL—F ZREZEEDI—IL

World’s First
«JEC60904-9 Class A+MBELD £1%LLT

(EBTTIEE0.7%E/)
[0}
207 02W) — IS
0.1% \ Pm
HHBEAEH : 1.1m 15 \ n=50
X 1.9m e~ ' \
E 10 |
SIAE BED, L, [EEL s A
FHES2—LITHEE B L : =
0i685 165,0 1695 " 1700 Em;ﬂgﬁ“ﬁ 25 io.s C
W (JISNIECHi#&:25°C+£2°C)
wusEEA R TR S RZR PR
AIST ARt REHE > 2—

RERNTEELR ZREEED1—ILEDEATR
Commercial ModuleE:#ED U R 7 LReference Module MethodDZhHE

Reference Cell E#£, Average Irradiance
b o e e e e e -

- 1 — 3 S 3 2
t — Solar Simulator: +3% (JIS) ~J_ “REEED 2 —VOBAT i
i Module: +5% iy HEE DR Y ##H
1
i — Solar Simulator: 5% (IEC) 1t
: Module: 5% : Reference Module(+2%) E# - -

i
/: —Solar Simulator: £3% (JIS )
1
1 —Solar Simulator: 5% (IEC)

Commercial Module (£5%) Z#E -
— Solar Simulator: 3% (JIS)

= Solar Simulator: =5 % (IEC)

Frequency

(%)
B =6 -4 =2 0 2 4 6 8
Under Estimate <—— ====>> Over Estimate (%)
L B—3 (KIBs) RIEEL D%
suosA ERER AR ATIZEAR




AIST ABARBHE 52—

KEEMED 12—)LOREEE S ST

Long term reliability evaluation of PV modules

==k Background & Target
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DENHD,

For the specificity of the PV module, we have to develop the special lifetime evaluation tecH
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BILEER EFER B EHAMT .
(OB DR F (. 28 SN DIREHDIFEE,
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New test method which evaluates PV module life in 30yrs over should be developed.
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Combined stresses acceleration test

'I(e_glf;mple
250 hrs

0 hrs (initial)

BERRARTCREYA2ILHABREEREL, T2 —ILAERNAME .  Delamination occurred and its
ZHER150mmMABLILI2H) TOTFSIR—Lar RELHEERZL  growth was observed.
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Intercomparisons of outdoor performance measurements of PV modules
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Energy Rating of PV Modules
LMonitoring & Verification ]
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[ Monitoring Results ]
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Development of Supportive Technology for PV-Hybrid System Design

Design Assistance of PV-Hybrid systems

: Cash flow estimation
Comparison by radar chart
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Evaluation of the installable PV system capacity under the Utility grid issues.
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BE
EARE EECE- Evaluation of the balance between demand and
%@%T supply in the short time fluctuation with smoothing
RERYG EXEEE] effect.
Rl D o — 12
HlmEtE ] :
P - T Y

B (kWh/m2]

B§ A [min]
Fig. an example of Smoothing effect
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Evaluation of fluctuation of irradiation depended on the area size.

B CEEmERER)

2 (FEERER)

TUTHEKm2]

. ' ! 4 Fig. Results of Maximum output fluctuation

Fig. Measurement points with Voronoi diagram (Kansai Area)

BEERAEORARENEHIBORRIGLLTDREY (RFHHFER9.74%D1E)
2R ETIE, H+HkmIZTRTE: 100km el L TIE#90.10kW/m2
209 & TlE, 100kmE EIZTRE : 100kmTI£0.30kW/m2

(Fluctuation of 2minutes window is 0.10kW/m2 @ 100km2 ,

Fluctuation of 20minutes window is 0.30kW/m2 @ 100km2)
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Recent Activity of
Strategic Industrialization Team
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Mission of Strategic Ind. Team is technical transfer to industry.
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Mission of Strategic Ind. Team
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Verification of novel techniques, Fosterage of young researchers
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Collaboration under consortium
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AETAUFRAL=ZE Test line of thin-film Si solar cells
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BF—LDHEBEBEMETDHE Flexible substrate consortium
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Test line for thin-film Si solar cells for collaboration
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Creation of new industry by collaboration under consortium
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Flexible solar-cell substrates consortium
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Bilayer fabrication of textured film 2p( parts) Film
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K& E higE
textured polymer/Zn0:Ga/Ag/Zn0:Ga/a-Si:H nip/ITO/Ag grid
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Quantum efficiency in long-wavelength region increases with texture formation.
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LFX VT IVKBEMEM Y —TF L
ANBEh4EE Performances of solar cells

Substrate | (mafim?) | Ve V) | Fill factor | Efficiency
Apali-U 15.7 | 0:88 | 0.59 | 82
Asahi-U-

tranz?erred PI 15.0 0.84 0.65 8.3
el 11.7 | 0.83 | 016865
Asahi-U-

transferred PEN 15.6 0.87 0.60 8.1
Moth-eye-
transfqerrsgei)EN kel 0.87 0.62 %l
RZ M A nano tech 2009 EfRF/79/00—K &R - BT H# (2009424
18H~20H)([T. nano tech X E ##lM THATIPFAEEZE

wusrozA BRSO RAR

SEEMKEEME -
Eﬁ% n:l:{ﬁ:./\/_VT-L\

Consortium study on fabrication and characterization of
solar cell modules with long life and high reliability
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Plasma cleaning techniques for CVD chamber
using novel halogen gases
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Monolithic thin film battery composed of

Li ion secondary battery and solar cells
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LS Si, , Ge, ZALV=-
BEREEERAEE MO

Development of microcrystalline Si,,Ge, thin film solar cells
exhibiting high photocurrent densities
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1-1. PARER — MRS, Ce AL -SEAXBEBDIZE —

24z & (double junction) 3% & (triple junction)
|

a-Si:H pe-Si:H pc-Siy,Ge,:H

a-Si-H
0.2-0.3 |
um

wuc-Si:H
~2 um

5 total_' 27.8 mAlcm®
-Siy,Ge H i~ 1 § 08 asSiH Loy \\\
<1 um ’ | £ o6f 9.9 \g\C-?MGeDZ:H
EIEE Eoat ! X
I § 02 pe-Si:H \\\\ 1
0.0 . { . T
400 600 800 1000
Wavelength (nm)
~R k=1 5
Mini=11.2% @ fo4om=0-9 pm S @)b@gm'ﬂ?ﬁjbl &%
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- WEEESI, Ge EEES L OBEEFRIE (>30 mAlcm?)

- FOAXBH T CRERSIKYEEREABENEFERTS

TCONEREIL PRSI, Ge, DEREIL —
— ZnO:GaZEiRDRR+F7=—)L — {EGeREEMEE (x~0.1)
- EBRIEL-BERAL — R
- EBNAXTHRNEBEICEBNT- — WHE&ESIKYFNBREICEBIT
TCOMRAF AEEhDORERE

| |
|

BELGeBE (~10%) CHLEETERERTZED
B, BEOELMERSIGe KEEMEERTES

R A EER TR ST R

21, p-i-nBEESEIIOREL —HFEELTCODREIL—

s R SiGe

(GeiRE ~10 at.%)
1 ZnO/Ag

; %n}@

ole, | OETsm

FVHAZE AM1.5, 100 mW/em? AR(TiO2/Zn0)
(Xe-W2HiRY—5—>5aL—5—) glass \

SENXTRY
= “ZNAEH 1 cm?

RRANZ == ILIC&KBFHRN (T)—Fr 7)) RIRDOER  FALFACADISELI=T IRF 4K
cRMS—~120 nm

1.0+

as-sputtered 7

0.8

0.6+

1-T-R

0.4+

A=

029 N , B
sl N T i @570°C

200 400 600 800 1000 1200 1400 1600 1800 esoo0e  sosdeice  “aseenoe 0.60 fom]
Wavelength (nm)

uurEcsA ERR AT SRR




AIST ABEARERR L S—

2-2, p-i-nBEESEILOREILL —#iERsi_ Ce DEIE LM EFIH —

Si-Si

BT ; ; Do

wy / Y 480§cm’1' Erpc-'Si:H
) BERERV Nl
i
@ |H, dilution
2
=
——— | pEEE g
SiH,/GeH,/H, 5
£
nc-Siy  Ge, S
©s :z’ Wffw ;grgo—fj"\gz ﬂ*n‘
@ zji;;i } {’fn,gt;z"’??;,’f;;z;?
oy ’;’ 0\3 <, /fqﬁ' ;p-gﬂ:tg"ﬁ;\ff z i
e v & 09 v,,\f,’:fz‘:,(:rq/‘ iy
P FA "¢I§%¢‘“m‘ Sy, % 350 400 450 500 550
e 2O Tn S0 2o L Lip's I
oo o et N Wy Raman shift (cm™)
E S e eSS ANE S ;
R op o aj};ga“:-;ﬁ“ﬁi}%i;ﬁ Geif Iz & B#ESSi-SIE—2 DTk
SE VRIS ( g.5=512 cm'@ x~0.11 )
RIS A AR e 2 :
© SiERFEGeRFMY—ICER KEHFROELICKYIERE—FT
sumrA ERRT ST

AIST AIEERERR L 5—

2-3. p-i-nBEESEILOREL —#RtEEEE —

r————T 7 [ ——— T
< -
g : : B A:0:5 —~
= | ] 2
c 20 N . 7 5
! ; ~
-3 I 1r 4104
15 b+ —tt———t——1 7
0.7 .
l\.—‘_'\'\. 0 [ .
w 06} ® ] e X
w e g 16 3;
05 1
04 s PR e ) ] e g g o A i L g
2 3 4 2 3 4
|512cm'1 / |480cm'1

B ERIEEDEMEEDITI (TIEMT B0V, (FEER I

0 BEICTELIFAESESCEREL 0 ig0m ' ~3.5T
RUEVEBER

PG YN 5L (0 =T AT




AIST ABEREEHE L 5—
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AR(TiO/Zn0O
I-VEE AM1.5, 100 mW/cm? zle )
uc-Si:H
= e o L UEEO
HC-9lg.ggG€0 11
1.0 = I A AR O Pt ~_ 30 e
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S F g 20 F pc-SiH E
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Light trapping structures in thin-film silicon solar cells
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Aspect ratio ~ 0.2

§0.1 um (40V, (COOH),) 0.3 um (120V, (COOH),) 0.45 um (195V, H4PO,)

0.6 um (270V, CgHg0) 0.9 pm (370V, C¢HgO;)

*H. Sai et al., Appl. Phys. Lett. 93, 143501 (2008)
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EQE (1-um-thick cell)

O Enhancement of IR response by O Maximum J,, is obtained at A ~ 1 pm.

increasing A. O Jg. > 25 mA/cm? is within reach.
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*H. Sai et al., Appl. Phys. Lett. 93, 143501 (2008)
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IQE (1-um-thick cell)

O The optimized BSR gives a higher IQE in the IR region.
O Large escaping loss is still exist.

T A—m R &S 2009/6/23 H. Sai

1.0 T ; ; e Possible reasons:
Asahi-U |
0.8 A A=0-9,um | Light scattering
‘;ﬁ’ at the rear side
D:\ 0.6 +
m . 0
< Light scattering
u 0.4 at the front side
o
w +
0.2
Higher reflectivity
001 . Nes® e at the rear side
0:3% 04 05 0:65 J03 1 0:841:0:9, #1105 5
Wavelength (um)
narionaL wstirure or ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)
AIST B A—FRRES 2009/6/23 H. Sai

ER (LJLEE) TOXLEEL

Escape cone

Incident N 1 um 6, =17°
light G
ol o PD
A =0.375 um
45°

A. 10 T T T T T T T T T T T T T Ll
3 4=0.375ym, = 5° g = g0
3 KM 6=871 g3 4=0.375um, =5 o |
[ "
P 5 o

L o]
c ~02p 3 _
Q 0
g
c <
Lok 0.1 3 n
S {0
= N °
= W by
2 o0 Flat  —2—ALA=0.3um Sanl:
@ Y F—e— Asahi-U —e— Al A=0.9 ym E
m 1 1 1 " 1 1 1 1 1 00 O 1 1 " 1 1 " 1

0 10 20 30 40 50 60 70 80 00 02 04 06 08 10 12

Reflection angle 6 (deg.) Average period, A (um)

nariowat wetrrure o ADVANCED INDUSTRIAL SCIENCE AND TECHNOLOGY (AIST)




AIST 2 A—RRiR& % 2009/6/23 H. Sai

TILRETOILEEL

O Strong light scattering occurs at
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- Absorption loss at the rear side.
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Fig. 3. Current-voltage characteristics of DSC sensitized with black dye. Results were measured at 25°C with an aperture area of
0219 cm? using a black metal mask and irradiance of 100.0mW /em?. Short circuit current Jsc = 4.57mA; short circuit current
density Jsc = 20.9mA/cm?; open circuit voltage Ve =736 mV; fill factor FF =72.2%; maximum power voltage V; =
583mV; maximum power current fpmax = 4.16mA; maximum power Pyax = 2.429 mW; efficiency = 11.1%. The solid line and
dashed line indicate current and power, respectively. This was independently carried out by the Research Center for
Photovoltaics, AIST.
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More information:

S. Ishizuka, et al., Appl. Phys. Lett. 93 (2008) 124105, SLGTFIEE LA B aF T L1,
S. Ishizuka, et al., Appl. Phys. Express 1 (2008) 092303, 7R A2 FEREALV-CIGSAGE M,
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Round-Robin Tests of PV modules; 1st stage and 2nd stage

No. | KIGEMFER WEE SiEE No. | KF&EhIER WiEE WS

1 c=Si (AT0¥ER) == 2007/9 1% | c-Si (ZHR) —7 2006
2 c-Si (ZHER) S—7 2006 2 cIS RRENV I —5— 2008
3% | c-Si (BHER) Tt 2006 3 cIs wA LT 2008/8
a=Si =EBT 2006 4 a=Si ES 2008/10
5 a-Si HRA 2005/9 5 SHIES (B3ES) e 2008/10
6 c-Si (BIE&) =3 2007/9 6 SRS (B3EE) =HET 2008
7 SEIES (ZiES) —7 2008
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Meteorological observations and 61853 mode under Round Robin test
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Data summary; Module Yield

Site Information Yield [Wh/Wply] )

CODE Irradiation | Air Tmpr c-Si a-Si Period

[whm?y] | [C] A B c D E E ) das]
SPR 1901 24.9 1601 1598 1885 1907 9.0
OTS 1466 20.4 1339 1282 1289 1203 1422 1428 39.8
NGW 1486 11.0 1443 1311 1328 1208 1327 1319 25.2
KBE 1284 9.3 1245 1102 1160 1139 1100 1097 221
KTG 1119 5.2 1122 1039 1042 1001 978 945 19.1
OKE 1632 16.1 1578 1457 1455 1397 1489 1449 21.2
ISH 1665 14.6 1587 1454 1463 1399 1541 1520 36.1
TES 1593 21.7 1513 1388 1370 1329 1494 1486 66.8
OKE 2219 29.6 2006 1825 1820 1748 2233 2224 59.5
SPR 913 0.9 685 639 637 570 616 632 30.9
Average 1528 15.3] 1391 1310 1316 1222 1409 1401 330

c BEEE-KEDTAMNMIEBNSC-SIRIIZIFL., SIRE-
=220 MMZENDa-SiRF
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Data summary; Benchmark to control module (C)

Site Relative Yield Period
copg | 'rradiation | Air Tmpr c-Si a-Si [days]
[kWh/m?/y] [CO] A B C D E F
SPR 1901 24.9 1.00 - 0.77 0.52 9.0
OTS 1466 20.4 1.36 0.99 - 0.56 0.72 0.49 39.8
NGW 1486 11.0 1.42 0.99 - 0.55 0.65 0.43 25.2
KBE 1284 9.3 1.40 0.99 - 0.59 0.62 0.41 221
KTG 1119 5.2 1.41 1.00 - 0.58 0.61 0.40 19.1
OKE 1632 16.1 1.42 1.00 - 0.58 0.67 0.44 21.2
ISH 1665 14.6 1.42 0.99 - 0.58 0.69 0.45 36.1
TOS 1593 21.7 1.44 1.01 - 0.59 0.71 0.48 66.8
OKE 2219 29.6 1.44 1.00 - 0.58 0.80 0.54 59.5
SPR 913 0.9 1.41 0.99 - 0.54 0.63 0.43 30.9
Average 1528 15.3 1.41 1.00 - 0.57 0.69 0.46 330
St.Dev 0.03 0.01 0.02 0.06 0.05

|0 ¢l 3 =0 e bl P (R i € e S|0)C)0) HRFEEEICHT
HURERVFI—VIZANS

« BRHTNAABTHRRERFOEELZITS
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Data summary; Benchmark to control module (C)
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S VRAE EES PR (Performance Ratio)

Site Performance Ratio :

CODE Irradiation | Air Tmpr c-Si a-Si Period

[whim?s] | [C] A B C D E F | [davsl
SPR 1901 24.9 0.84 0.84 0.99 1.00 9.0
OTS 1466 20.4 0.91 0.87 0.88 0.82 0.97 0.97 39.8
NGW 1486 110 0.97 0.88 0.89 0.81 0.89 0.89 252
KBE 1284 9.3 0.97 0.86 0.90 0.89 0.86 0.85 221
KTG 1119 5.2 1.00 0.93 0.93 0.89 0.87 0.84 19.1
OKE 1632 16.1 0.97 0.89 0.89 0.86 0.91 0.89 21.2
ISH 1665 14.6 0.95 0.87 0.88 0.84 0.93 0.91 36.1
TOS 1593 2470 0.95 0.87 0.86 0.83 0.94 0.93 66.8
OKE 2219 29.6 0.90 0.82 0.82 0.79 1.01 1.00 59.5
SPR 913 0.9] 0.75 0.70 0.70 0.62 0.68 0.69 30.9
Average 1528 153  0.93 0.85 0.86 0.82 0.90 0.90 330
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S RFOE EED PR (Performance Ratio)
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AIST-Kyusyu PV testing platform
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&8 Conclusions
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Outline of consortium study on
fabrication and characterization of solar cell modules
with long life and high reliability
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