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Isao Sakata

MBE F & GaPNAZ 0> 22 3= 1 Ak il {0
Control of nitrogen content in MBE growth of GaPN

Hidetaka Takato
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Development of thin-crystalline silicon solar cells
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Zhengxin Liu Improving the quality of spherical Si by remelting
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Hiroyuki Fujiwara

a—SiO:H/c-Si ultra—thin heterojunction solar cells
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Takuya Matsui

BRSO SREXGEHMOBR

Development of thin film silicon multijjunction solar cells
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Takashi Koida
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Development of high-mobility transparent conductive oxide
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Shota Nunomura
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Development of a plasma CVD diagnostic system for thin film silicon deposition
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Takehiko Nagai
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Dynamic behavior of nanoparticles in silane plasmas

= EE Ultrafast Deposition of Crystalline Silicon Films Using A New Microwave Plasma Source
Haijun Jia
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Hitoshi Sai Light trapping in thin—film silicon solar cells using self-ordered structures

R OEX

Chia—Wen Chang

Electronic properties of microcrystalline Si_,Ge, thin films
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LS EEF—L

ﬁ.gﬁ. Bk Development of high-rate deposition process of microcrystalline silicon using a high—
Michio Kondo .

pressure—depletion method
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Keiichiro Sakurat

Feed—in Tariffs: their features compared with the current Japanese RPS system

RAERE
Hitoshi Tampo

ZnMgO/ZnONTEEE LHEMT T /31 R
ZnMgO/Zn0O heterostructures and HEMT devices

AERE
Shogo Ishizuka

XL T IILCIGSKIG BN EMEL
Development of high—efficienty flexible CIGS solar cells
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Hajime Shibata

ZnMgO/ZnONTOBEDNEMHEE
Optical properties of ZnMg0O/Zn0 hetero structures
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Hironori Komaki

CIGSEBHEED 1 —ILOBMEL 1051 L KB
Manufacturing of high—efficiency CIGS integrated modules using in-line deposition
technology
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Yukiko Kamikawa

CIGS A5 E i m EBM HMoDEE L
CIGS solar cell with thin Mo back contact
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Yoshihiro Hishikawa
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New PV devices Performance Characterization Technologies
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Takuya Doi Long term reliability test of c—Si PV modules ——— combined stresses acceleration test ——
BEE I PVY R T LD RS WA

Takumi Takashima

Fault Location in PV Array
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Kenji Otani Energy Rating of Photovoltaic Modules
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Sanekazu Igari

Technology & Standards: PV Traceability

xHE £ ABAHBEATLOEBATREE(ICRET MR
Takashi Oozeki Estimating potential for the introduction of PV systems into the energy system

RS EF— BE Tt EXTRERERXGEMORSE

‘ Tetsuya Taima Development of organic photovoltaic cells based on small molecular weight semiconductors

Ivan Turkevych |Anodic Oxidation of Titanium Nanorods for Application in Dye—sensitized Solar Cells
iR s BAFREWSBEABEHORE
Toshihiro Yamanari |Development of Polymer—based Organic Solar Cells
Zhong—Sheng vWang Dye—sensitized Solar Cells based on Hexylthiophene-Functionalized Carbazole Dyes
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Masaki Konishi

Virtual factory for thin—film silicon solar cells with remarkable low—cost production
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Minoru Karasawa

TR IFARERANEEBED YDV ABERRF Y N—S -5

Study on in—situ chamber cleaning by F, plasma for thin—film Si solar—cell fabrication

Bl 7
Yoko Takeyama

EREENEEE OV KBEMSRESIoDOEE
Construction of test line to produce thin—fiim silicon solar cells for industry—academia
collabolation case

R EX

Tatsuo Ishijima

WHEREFROSMHzERE R TS Xk D REIE 1 o-SiHIRD S R HERF T OB 5
Development of High—Rate and Large—Area ( c—Si:H Deposition Technology by Surface Wave
Plasma with Parallel Waveguides at 915 MHz

WA EE
Shigeyuki Nemoto

TR LYF U ERWRERRV)IAVASA A MO

Development of advanced slicing technology for silicon ingot by using plasma etching

A XA T NBIETIAFYERWN=ILE LT ILEESY I KIGEH
Joji Nobe Fabrication of flexible thin film silicon solar cells using acrylic resin with texture
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Toshikazu NiKi

Preparation of barrier films without silane for flexible solar sell substrate

Frep BT

Kensuke Takenaka

MIERI )V OEEEERICEAT SRS
Investigation of high speed deposition method of u c—Si:H solar cells by the Multi-Hollow—
Cathode VHF-PECVD
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Atsuhiro lyomasa

Am*BIRICH I DR ERE ERE BT OBRR

The development of large—area deposition technology ona 4 m 2 substrate
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Current status of PV
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Global Warming is unequivocal

a) 1.0

}\nthropégenic and Natural Forcings 7 3 % ﬁ é *L 6 %2 g
: L AN Anticipated impacts

<EEEE heat wave

;B3 mE £ & rising sea level

Howiy o 3 JKA B water availability

e R JFHHBIEE SRR local anormaly
- ; *XKZ!-E A tropical cyclone

“HRBRDEL (FEDOHR)

Temperature anomaly (°C)

Pinatubo
Santa Maria Agung El Chichon

[ e E el .L;“

o
é: extinction
i} ZD10~20EDRIEHNEE
Santa Maria Agung Elcngyi:;mbo é
oo w20 190 1960 1980 2000 :
Year suiss ERR AT ST

AIST AIEHEEH R 4—

fEHE 3> (Fukuda-vision)

RHBR CO2 HIiE 60~80% ~2050
Long term target mitigation

-14% by 2020
ERFHMIEFEOEE

Commitment for low carbon society

AEAREDER X10 ~2020 , x40 ~2030
Deployment of PV system -> Current status 1.7 GW

BRARRDANY—5 (BREXE)

World largest mega-solar

MEEE D70%LLEIZPV
>70% newly built house with PV

R MR, RFERE O MBS
R&D for Cost reduction, stability of grid

HEFROREL
Tariff system : DE 500 yen/month
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Innovative energy technologies for COOL EARTH
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IRLF—BEIC, fHRNSEBAICEDRNERELOD. WEO[LCERRED
BEHS. CO2XIBHBETEETD 21 ) BFERE.

WEMS - &wummtw HEMS : House Enersy Management System. BEMS :
Buiding Energy Managoment

http://www.meti.go.jp/press/20080305001/02cool-earth-p.r.pdf
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SEEE (2008) DTF—7

HADERRS HEEILT 57-8 DERE

Enforcement of competitiveness in the global scale
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Open Innovation
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50 years anniversary !

SPUTNIK 1 Vanguard 1
1957 last 21 days 1958~1964 last 6 years
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Cost reduction

Cumulative sthanol valume (1000m)
1 10 100 1000 10000 100000 1000000 —
'H'Dmﬂ 1 1 1 L 1 10m%
m% :
s Emand 2002 B
F 10000- e s 200 [100 g
S 2
S ~‘~~PV -g
é 1000} 1981 ol m:_;:“\ 0 &

2000~
50 JPYW 3 e 2
B
=%
100 . . l : ; 1 8
1 10 100 1000 10000 100000 1000000 &

Cumulative inshalled capacity in MW PV, Wind)
100 GW

Figure 4.11: lvestment costs and penetration rates for P, wind and bioethanol
sysiems showing cost reductions of 20% due io technological development and
leaming experience for every doubling of capacily once the fechnology has matured.
Source Johansson ot al, 2004.
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Future prospect for energy demand and supply (METI 2008)

Renewable energy

x 104 ki Developed case

2005 2020 2030
i 3 _q40w 30 _q4ew 1390 506w
Wind 44 200 269
Biomass 394 723 917
Other 687 763 716
Hydro 1732 1931 1931
Total 2892 3967 5133
musie ) EER A ETZRAT

ABEEHREHE 25—

ABEMERE
BAOVI7OET — ERESHETEES

4000

3500
3000
2500

2000 |

w
M 1500
1000
500 70%%E#H
0
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Year
From PV News, Paul Maycock, editor 1GW PV = 300,000 t CO2 reduction
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HADKEEMEELE (2005/2006/2007)

FirstSolar(20)

2005 2006 2007
Sharp(428) Sharp(434)+1.5% Q-Cells (389.2) +53.8%
Q-Cells(166) Q-Cells (253) +52% Sharp (363) -16.4%
Kyocera (142) Kyocera(180)+27% | Suntech(327)+107.6%
Sanyo(125) Suntech(158)+93% Kyocera (207) +15%
Mistubishi(100) Sanyo (150)+20% ’PFirStSoIar(207) +245%
SchottSolar(82) Mitsubishi(111)+11% | MOTECH(196)+78%
Suntech(82) MOTECH(110)+83% / Sanyo (165)+6.5%
Thin Film Thin Film Thin Film

FirstSolar(60) +200%

#EERSI

CdTe

SERESI|

snmREA SRR T D ISR

il

ABcHEER

ABAEERE L 4—

Rt 5—DHE
RCPV ; at a glance

A SRR A

Fit

e i



Mission and Policy statement AL REFE L 5—

(1) FRKEBUHHESIVT /NI RO, 5

R&D for new materials and devices
— JAZAMERE. BRIFEFEER
Cost reduction, lower environmental impacts
(2) KEEEthOREL LFRMlH: T 0B S
Characterization, testing, standardization
— EFREROWFEIL (ERHFHOMIE)
infra structure for industry
(3) RKEBEXREBIRTLIER. FHEH O
System operation, evaluation
- IRIF—RELTOERREE
infra technology for energy source
(4) KBXRBZEL-EREA
International cooperation

— EFRER. RFh@t

BRI E D= DTS I+ —LEFALI-RREERILBE

Technology transfer

FRIL RIS 5 COEE . BUREEANDEM
Impartiality

nunscA ERER TSR

et =55 [

Organization ABHREFHE L 5—

by (BR) LD HRIFRR

numa A ERRAT AW
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FEHYV—RX EEEXTS. E%ﬂ%?% BEHNBEER, REZRE BL

(B H7GM) ERI19FE TFRUISERE

EEEZ S 299 358
(A erT47) (149) (133)
NREE 612 1352
(e REES) (103) (111)
g 911 1710

AR 308 ¥ 1508 a2 Fnhise 52@M 5004
Basic Funding 16%

Project 38 %
Industry 37%
A R TSR

KR EHMEARO—F<yS KB B bs o—
(RCPVELT)
FY 20104 20106 20108 2011 0 20I1 2 20120 ~
EIg: »

THI#

Nt b e () e e

FEe @l |

23#21%@100cm2

~|
|

1 $FE15%@1cm2
21#8%@2x1m2

FBR/IE 100cm2/Vs
300°CH2E

$13#E18%100cm2

a3%) | 2E7%
| 1000h%5E

| srmrmssiwnT
IECHI#. JISH#K

| oLxsonssms
EHE5 X 104QcmBL T
= KIS/ THEE10°g/m?day &

wuozA BRI AT S RRZIAR

SO Wb R 2 S, ST
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auaRA RIS S IR

AIST AIEAEEBH R 5—

famI)aVDEKE — EEE 21%@ <100pm
A5 R B i

— TS5XRARSALR

F—a—I—Fvo LR

[Ag]
a-Si0:H p-layer I 1N
2SioHHayer! 50 ym cell
¢-Si (n)
a-Si0:H iHayer

150

Cell thickness (—m)
wummzA BRI S R
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EED ) OV DEE—2iE S L reSiCGe

a-Si:H

a-SiGe:H
or

pe-Si:H

U I (.c-SiGe

BEga 28E 3#%S
MRS E 19764 ~ 19974 ~ 20004 ~

EEBE 95% (XvTFILK)  11.7% (ARA)  20108ENEDOHIE: 15%

s EERIE ST PR

ABEREEHE 52—

L& (CIGS)DELEE
Wider band gap >18% Advantage over Si

RERSNE:19.5% m%mi&» 20204 B =4 EE - 25%
BT D EE
BREIER

30

10

Eg 180y 17.7%

1.0 1.5
EHIFIE (eV)

aumss ERFMTFE SRR
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ZB (R HH (BHEEE) D
EREE. EERHE > 100 cm?/Vs

ANEAREEH R 4—

_10 " Glass sub.

X

P 80

c

© 60

b=

£ I

5 40

e

E 20 . n-fypea-Si:~0.01 pm ~001 ym

thlckness 240nm Figure 1: Schematic diagram of a HIT solar cell

0

500 1000 1500 2000 2500

Wavelength (nm) HIT device

Higher Jsc due to lower absorption loss
wumrEA ERR AT SRR

AEEREEHE L 5—

8. BRXRDOER 4% — 7% ~
rﬁaa’aj$1b/\0>$ﬁ — M#H. TN REREE

JWIL>T Voc=0. 91V =R

1.0 = . . w‘J [rl )l’jl//
0.8
3 s s
ot 35
A
3 v .
3 0.4 L *// e o \\'
P
arrro .
5 m__ ek
0.2+
0.0 L L 1 1
0.0 0.2 0.4 0.6 0.8 1.0

HOMO (X) -LUMO (C60) gap /eV

ITOME #HikE LETE MM HIEHSZ © Voc= 1.0V, 1.1eV K.Leo et.al. Advanced Materials, 18, 2872(2006)

FLLOEEREO TR

HIAWE

ET2—)UkE

aumRA RIS THZAT
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STl - & R T L D EREE 1
EEEROBILICKIERFEF HDHEFE
PVDE K 5K D H0iE

ES2—LAELOSKBEEDRE —REEXEEHEIL
SR measurements of cell (module) BRIEV AT L

_ ISO/NEC17025~ D Global MRA
STC,STCH TOMERESE( (Si, SO EEE RS

%A, {t&%, DSC) : :
Accredited for primary

reference cell calibrations

snREA i M S TP
AIST AEAREEHE T F—
- > — PViE A A & O 5Tl
ﬁm : yZTAa)ﬁ% 2 Base power + PV < Power Demand
‘ — ‘
REEFMO-ODE—FDIRE E%@i?ﬁ!ﬁénd \
T —
o e > ”w 05
% 0:7 ; 0 %
T o
£ = 3
o 1 2 power of geothermal |
0.0 20 power of hydro
§ 6 7 8 8 %0 11};: 13 14 15 16 17 18 19 Wo’numr
; 0. 3 6 - 0 | 12%BASRA8 217 24
T'm [hourl
| ABARBEEBNS AT A
HEMESE
FEEEROTY ST
(87— 713 Ff
/KB ERTLA)
ABEATLUABFRE—
MREBE A B IR I kY
TEEEF-BEORE
s EER TSR
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EE R LB RS

EBEHE 0 REL B
A—ToA/R—avDER

LT NKEEhEHMI Y- T L

Flexible solar-cell substrates consortium

MGC

= NIPPON GOHSEI
< SUMITOMO BAKELITE CO.ITD.
#Pag, Teijin DuPont Films~

| Nafional Inssiie of

| ety STHI

\<@> ISHIKAWA SEISAKUSHO.LTD,

AT ——: BRI EHRE . KBEhA—H—
%133 2006.6.1~2008.3.31

wormRA R TSR

AR EFHRE L —
1954 1974
| voovqstmzs—r
* B w
B& &
=& Lk
e B
ny) H 53
3
Hy & g2 %
g ;; 7 BERTARATLA SHAHEZ)
A HEOEE (BRAEFEY—F)
Bt ,—/_/_J
% g X 13 ¥
At — ZfESmI U
- ;% g g 12 | —mmvay [ = =
B 1 = 10 7
o) A HE 8
ﬁ E ﬁ 6 1 I 1 1 1 11 1 1 11 1 1 11 1
mﬁ m E DO N D 9 AN 9O N D O
T & RS & P ‘190 ‘190 ‘190
BARRME EEBRTRATER
numRcEA EE R TS S AT
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Cool Earth 50 mitigate CO2 emission by 50% by 2050

Y =p 20005 20104 203048 20504

30M/kWHh

20MA/kwWH

10F/kWH

! Cool Earth 5
: |
30%

snfREA B A S TR

ABEREEHE S Z—

EHFRAKGEELERERENLS 40%@2030

((EQIEREHREHER (It S~ |

HEEMEL-SRATFEME.
BETRUEDEROXERIL., £EELTHEREZM L,

EHEIXASHENSM, AERIEXRPOMESTIL—T
L,

‘BRI OB RAFLLER

b
'

METI =a2—XY)lJ—RX
2008 Jul.2

\ s -
@ SEATKHRR

A ER R T E O




AIST P eibigE ABEREFE L 5—

i ERHTRIA

] PR RS s
MH.TIRAR

sihe [RE SR

TR

s o

FHElAREE R 2L KEAETHRLR

37 5Tl
RELLG
MigRE

ERKE HhigEE
] & 5

ERE ISR
RFr—EK

BUES A2
S#FIRZ

sumaA BRI A MR 31

ABAEREEF R 52—
How does the solar PV solve
Human’s 70 Problems in the 21st century

Energy
Environment

Water
Food
Poverty
Disease

Education
Terrorism & War
Democracy
Population

http://unit.aist.go.jp/rcpv/

muma A RS
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IEEMEREF—LOEE
—CIGSKI5E M D IFFTRAFRE—

Recent Activities of Thin Film Compound

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

FERE KX
Shigeru Niki

wumEs ) BRI TS TRZERT

1.
2
3
48
S
6
7

INEFEEILOEREEL (small-area cells)
. KEEIEEHMTOR % (integrated sub—modules)

. BERIEEaXMEEAT (low—cost)
. AREH AT (derivatives)
. FEDESEDAMRE (summary)

AEERBEHE 25—

Content

B = (background)

JLF T IILEMR (flexible substrates)

AR A R TS S THZLAR
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1y %0) E *,-%(objective)
2030 )L E25%, B 1—ILEE22%E VS CIGS KIHE M
DMEERBOERICAT=-HMBRAFEETI,

S RELRCIGSE A —/LEHITH T, |

CINEFERILTIE. ERIEDO =0 QBT IE & & BAE
1I:T%> S5[Z, CIGSHRUINEBOERMEL., F/ NV IT7TEDE
=R, EHEEEDOEMHEEEER S ET20%F B A DEFIE
EMERLEEMOREEEET,

2. KEEES1—ILOEDERILZBEHELTIOcmA TEBRR)
F15%LL EDES 12— ILDEE B MERAFEEBHET,

3. KEEMHAEISIRETHHLOLT NS ZARLICHASEHED
BEE1TI,

mnmEEA BRI SR

ABEEEEHE L F—

CIGSKIZEith DIE & &5 E

(structure and advantage)

metal electrode

1. B3EE: high efficiency (7=19.9%)

2. SR YR MK : Large absorption coefficients
o ~10°%cm™: 100 times larger than Si
*absorber ~2 (U m

3. $EFE LI HELY: no degradation

4 BNt ISR % r adiation resistive
-NASDAA LA £ (DIEE:MDS-1) TEEEF

5. R X MEAR{EFEAIEE: low—cost substrate

glass substrate

CIGS solar cells

A A TR SR




AR ERTE 52—

3kW CIGS Module (n=15%, 20m?2)

Cu: 45¢g
In: 49¢g

Ga: 20g
Se: 112g
total 226g

RICSHERDKGEMES ) TEET ZIHE: Si 15k E

wumREA R T AT

CIGS KIS E ith ) B E L ~DEAT

(commercialization)

2007 FiE X A FERA

BRFI> LA H (20MW) — 80MW(2009) — 1GW (2011)
RS (27.5MW)
Wuerth Solar(FA*Y:15MW)

RUFr—tBHICIGSKISE N BELEHET 554
Et21#t

ausEsEA RS T S TSR
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CIGSE  1—I/LDFhELETE
(efficiency vs area)

INEEEILOEEE

Improvement of small area cells
(B 19.5% — 2030% :25%)

u < | | @i
N e NT I ! |
® / Mo I I
— 18 \\\f\*\\\" S L
° N RKEEES21—ILOEMERE
— Improvement of large area modules
3- 16 N (FRFE11-12% — 20304 :22%)
c MWzl A
©
S 14
=
L 12
10 I TiT } ELSS G BN B B B 6 L =1
fo! % Ao 1022 o° Ao’
Area (cm")
AIST A RBHE L 5—

= —x kv
2. /J\E$ﬁt)bo) = X $’”:. (small-area cells)
FHEE: FIX
HERSNE:19.9% S 20204F B AZZN 3 : 25%
current record efficiency ?ﬁ{tﬁ@)E*target efficiency at 2020

WG-CIGSD &1t technical barrier
improvement of WG—CIGS solar cells ﬁﬁ . ﬁﬁd)ﬂm&ﬂ*ﬁm@ﬁﬁ%

HHERRIBR 5T interface and surface control
30 |
CdS/\wo7E AE=0.1eV?
[FHE? £
Cd¥LEL?
Pas
IEEE T it
| Culn,Se[FREIFTE?
LG H
CuGaSe ] Cds
0 1 1
0.5 1.0 1.5 2.0
_ BHEE (V)
muEEA A S SRR




2. INEHEILOSHEL: RE

(NITARF ey T KEEMDERIL
KEFESBEEMTICEYEHITIE1.4eVODCIGS KB E T,
LN E12.9%—15.3%, BAREE0.755V—0.766VIZ[[ £

(2) VAR X vy T KEBELDS TR

-BERERFETOIME:

INURATHYRD BT, CAS/\wI7E [EWG-CIGS A S
BMIZITTES
-EREMNERNTKEEOERHE:

BRI (CBDIER) [C&AFH/\wI7EDREIZH DI

el e

i\ I7EBERANE-WG-CIGS KB E D S ih=R(L

wumie) R ETZR

ABAREEH R E—

3. KERILEHFT OB

improvement of integrated sub—module

AUSAVERBRERRICEIITORRF

in—line evaporation and integration
FEZ M BH. S, K, BAR, TH

: M ‘Q

"N

/MNEFEEIL (3cm x 3cm) i*ﬁ(%z-njx:?&i)—»

aniraeA BRI STHRART
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Cells vs. Integrated Modules

I-— 3-5mm —-‘ - kel
1nactive area

P3 P2 P3 (F5EESEH
Al-electrode 7n0O-TCO
L P2 T T
30 ] ] | ] buffer layer ] I ] I 1% [ I ] ] 17
CIGS absorber / /
P1 - -
Mo back contadt === i

Pl

glass substratg

P1:laser patterning. P2. P3 : mechanical patterning
oA R T S TRFTRR

%*ﬁ“ﬂ K A4 (loss by integration)

18 19%

expected loss
by integration
TYURTY 7
£l
KdEEXRD
| (2%)
: expected gain
B by improving the quality
L of CIGS absorber

T

11-12%

efficiencies of
current
commercial

= modules
MEBEEL REREYVa-IL

small area cell large area module
nusaosA BRI TSRS
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_— I-V CURVE _
IEC60904-3 75.7 cm2 (aperture area) WXS-220§-20  Dabe : 31 Mar 2008
5y £ . Data No :
after light soaking 100 mW/cm2,30 min SO538AR-01
Sample No :
LR ¢ $SQ5382R
Repeat Times : 8
140
: ] Tee 1451 mA
i v, 11,95 ¥
120 —41. oc
3 148 Plass 1,205 W
[ Tpgax 129.1 @A
100 B Vpmax 8:33 ¥
] E.F 9.5 &
80 | 41 Eff (ap) 15.9

Power (W)

L i MTemp. 25.0 °C
60 - i DIrr. 100.0 mW/cm2
C MIrr, 100.6 mh/cm2

Current (mA})

40 s
r ] Ref. Device No
cs102
ar Cal., Val. of Ref.
r 1 129.5 [mA atl00mW/cm?]
B —— bttt ] Scan Mode
) 2 1 6 B ¢ 12 Tz to Voo

Voltage (V) 4[5’
Wt |

BIATEOEA FESRIX VU FR IWITLITIE

ZIRREEDASM4TAERIL

development of in-line evaporation process

Mo/SLG
o/ heater gate valve

substrate \

S S B By e e |
LLE._:jJuz;E‘“‘;_. B =) m0Ve _‘ LLEE
H e I
‘sansnnas LTI M E e , line K=cell .y : ®anzunnne .

G e SN SAUKRIE T,

gate valve

|\ 4 \/ \l|

A
A543 clGslEDHEHL HEEZED)

muFiA ERR TSR
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+ I-V result of small cell .
INEREEILDIVA—D
35 I I I
30 |- . |
2 without AR coating
S 925 -
E CdS
> 20— |Voc =0.694V =
@ Jsc = 32.458 mA/cm”
S 15 [FF=0.765 - Mo
.E Eff. =17.26 % SLG
S 10| -
° sk 1 EMPE 173 %
. 1 | TOIT47T LT 0.496 cm?
0 e
0 0.2 0.4 0.6 08 ARa—RFL
Voltage (V)
It EWMEEREF—LIZTHRIE
wuEEA R TS S RSN
AIST KBS ERHE 5—
N o N
YIJED2—ILDI-VA—D
I-V result of submodule
39 I I T | =
. with AR coating | 10X 10 cm2E tr L[
“ CIGSHTE S 1— L& /EH
2o 25 e
\E 20 = RasPs dS.. reZn
2 - Voc = 11.286 V 5 IGS
8 Jsc = 30.379 mA/cm2 Al
= FF = 0.708 Mo
g 10 Eff. = 14.21 % —
© 5 ¥ ETHE 142 %
. i | | i j FIN—F—IF7 76.9 cm?
o 2 4 6 8 10 12 ARO—kHY
Voltage (V)
It EWEEF—LIZTAIE
wuroEA EESR I ATRA SRS PR
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4. JLFTILCIGSKIEE =EES |

— development of high—efficiency erxubIe CIGS solar cells -

FHEHY. AR

- ILX LT IILCIGSKIGE M TREFTI1T.T%EZERK,

*CIGSHERINBADFH LT LAY RINFIEEL T (ASTLE) DRIFEIZ LY.
BREIVFVTIVERICEIREE MOREBHLS

SEAEIZHDI,

 BIIVIR(E) . BLUFRVEEB)EERELE=TLXL T ILCIGS KRS

T, (flexible CIGS solar cells using ceramics and Ti—foil substrates.)

wrmRcs\ RS TR S TRZAR

ABEAREHRR L F—

LT ILCIGSKGE M D F fiTiEzE
OEHRMHDBIR @CIGSHIRINBADTILAY FHI
EHRMD/N\URYVY @EHEE

@ ERnEIR

AIST

8.6 %1078 K ( || c) 11.4x108 K" (Lc)
FRERIEFEMF DR IER 2L, (thermal expansion coefficient .)

AR PIZIRGR S | BHiRbCEE | BUBESRERIK
[X10°¢ K1] [x10°® K1]
H AT R 4.3 a1k 12.4
B DT 4.9 & 14.3
Ao+ 3= (SiC) 6.6 R 16. 8
FE L 8.6 SUS304 17.3
V—FAKIT T A 8.3-9 L% 19
il e 9 Tl R =10 0 23
SUS410 10. 4 T2l o 24
— T
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@ CIGSHIBINBAD T ILAY) BN i DEFE

* DT ILAYFTMA E K *HEAROTIILAY BN X
NaF. NaSe,/2& D7 )L HJ L &4 (EfREE E)ITFUEBBBEBAIZRELTILA
I 545E . FRETHIREEH)ZCIGSH Yt EMD T A EIEEERBL. COEBD
WL UR B SRR, SR, Eo(E BRI B JE 22 4 O il TCIGS SR IR B (ZHR Y 3A
&ELILESE 5, FNBTILAEFHET D (ASTLE) .

O nyyyrus

BIERMLERE
Ry 7R

O nyyyrmm

HERBCERE
Ny IT7E

NaF 2 EDT LAY
R Tuh—4

= 74 BRIERE

EE: ASTLEZFRAWLT

Q nryyrnE 3

m BEAR I ERE ﬂ,\”' BEf. : 17.7% ILEXLTILESIVIR
Ko7 § 35F Voc : 0.660 V R EISHRARLT=CIGS

u;f}f;ﬁ:gwm y % 20f Jsc : 35.4 mA/cm? ABEMDI-VEFE,
& st FF : 0.757 (A I-V curve from a CIGS

® 10F ) solar cell on a flexible

i Sl v o ceramics substrate.)
Z{ZE?K*#X@??I( OAO 0f1 052 O.IGE?\IIA) 0:5 056 0.7
PG CIN L sk =t izl

® ERD/NVRYT (RUT—ER)

Flexible CIGS solar cells on a polymer sheet.

H: HEARENREL-AEYO—
MERAR) v —&EREAWNILFLTIL
CIGSKEEM, 7/ \ 1 RER TIE L4
EDHSAEREEBILTE., ERRIZ
—ILDESIZHIMBLTESZENTED,

MR EIZHIBR D H DR T —EIR T
[EFEMEEZBITKWMERRIECIGSH
WU EEFAWNSDHENHHH . ASTL
E(C&Y HAEFETICE RS TE14.7%%
ERLTWWARYT—EIRZRAL:
CIGSKIGEMDHERFEEIIE),

SRR

S EBAFKLIZASTLEE . LA XD YTED 21— LA XETHKRL
=EZRTNAALANILADIGH,

FTIfES TOtROHBYDME LG EHEBIBOEERIC
ﬂl‘?ﬁﬂj‘f‘gj léf?%*ﬁﬂ: OtRXPHBYDE LG EREBBEDEIR

A B TSR
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5. 8&IRIt - EaXMEH T
CIGS K P& E ith EH BABH FIMoDEE(L

CIGS solar cell with thin Mo back contact
FEY:

AWFETIL. CIGSKIEE ﬂ@1&:xh1t&é§/ﬁ1t’éﬁﬂﬁ&b

48, EE BB Mo
it Ep A R

PR EE. Mo BIEAE

AR TR L 1-CIGS A TS B ith 4 RS

wumieA BB AR
AIST AR BT 5—
= — =
IKAESERS DRRE

!' \: 20 | T | .
57K5§5aﬂ§510);7]§ H - ® without H,O vapor|3
i L i C m  with H,O vapor
| NafEEE DM g R
e {mEE R—)LREOHEM . °r| EIEMoCEMEL E
i ® CIGSHmmEDM.L S ]
| k
\ /5 16

&

=

w

14 £

0 200 400 600 800

Mo thickness (nm)

LA BEE~NH,08A
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T T | RPTI R Y o
- with H,O vapor 1 /Mo thickness: 200 nm

[ Mo resisitivity: ~2x10° ohm-cm 1 Ey : 16.9% z
- ; Jsg: 32.05 mA/cm? i
i Vog: 071 V !
: FF : 0.74 )
: HEED1/10
A Mo thickness: 70 nm
= 1= § Ef : 160%

= Jso© 32.26 mA/cm?
' Voo: 0.69 V
E 1 N FF : 0.72 J
B Mo thickness - S ™
C 70 nm ] o = ™
200 nm 1 EAREREN S DHEH

1  16.8 % (Mo thickness = 250 nm)

i
o

Current density (mA/cmz)

0 [ I I I
0.0 0.2 0.4 0.6 0.8 7. Morimoto et. al
Voltage (V) Proc. of PVSEC—-17 (2007)
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6. Ik {7 (derivatives)

(1)ZnOTA R X vy THEIK (ZnO semiconductor)
THEYLEH, RR.FIS

1) BAEEE(TORE) - MIRFEHED M L
2)BEFT/INAAHEMT (BEBHELS D RY) DEIEEEE
3) T /INA R :UV-LEDD B {EEET

(2)CIGSA A— 1Y (CIGS-based image sensors)
A—LB%XESHEOHKRHE

1)CIGSZE AW A A= —D ENEESE (HFR )
2)Si-CCDIZHER TR E KIEIZM £

s AT SRR




£&8H  (summary)

1. /MNEBEILDOENEIL (small-area cells)
-WG-CIGS KIZE D MEEEM L
¥ VAP =IOE-T b5k
2. KEEILEMTDBIF (integrated sub—modules)
"HIRED1—ILERBETHA RS MR (B3 15.9%) * IR
AVTAVREBRMEREILIL, RTU v IILETER,
3. ZLX T ILAKIEE M (flexible substrates)
-#TLUNaZE AL (ASTL) DEAFE
-HARENEER (ESIVRER:17.7%, R)<—HEHR:14.7%)
5. 8&IREt - {EaXMEHE T (low-cost)
-MoEE EABD EEL - 16.9%@200nm . 16.0%@70nm
6. IR lT (derivatives)
-HRADCIGSERWN A A= —Z2HH (A—LEXE
D HEZT)

nuaeA R ATSA
S DEBEH AN

(1)/MEFEERIL (small-area cells)
"FHREEDEL. F/ NV I7EDIER

(2) KEEEY 21—/ (integrated submodules)
EmESRAE, EEEEOR L
-GHREBENEMEL
-EFEM DTSR L
-Hiffifeis — E=EFE

(3)AEIR - EaXMEHF T (low cost)
-REBEMHEOHRE. ZFLOEEEREDER

(4) ZFHBIKRBEE BT D BEAF (innovations)
TR, FEE

wusmA ERR IS SHRAR
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Recent Activities of Novel Silicon Material Team
— R&D of Thin Film Silicon Solar Cells and
Related Materials —

RRE IR Bt
Michio Kondo

A BT STRRR
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nc-SiGe alloys ;

Materials and devices
for
higher efficiency solar cells
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CNETDHAERR So far ...
- BEAEBEICT2.3nm/s : MRS BiES=9. 19%=/K

nc-Si solar cell deposited under HPD conditions
- WER YAV LR D LDORFEE TN RA~DIGH
nc-SiGe materilas and devices

nc-Si solar cell deposited at 2.3 nm/s nc-Si ;_ Ge, (x=0.2) solar cell (d =1 pm)

—~

Ngzs_...........2...‘.........,....: .
[ Area :0.25cm 1 ]
E 20F g :23um ] E B
= © Ry, :23nm/s S ]
215¢ bt ]
= hg . 1237 mAlcm? 1 £ - ;
o 1k V,, :0528V 1 iR g e E
QC) 5 N FF :0.73 1 = r Voc: 0.427V E
2 5 ] 3 .t FF:0.616 ]
5 n:9.13% 5F ]
3 . ] & n :6.33% ]

0....l.u‘.ll‘lnlun..I....l.nnL r

00 01 02 03 04 05 06 0 ol - '0'1' il -0'3- — '0‘4' ——

0. . 0.2 . . 0.5
Voltage (V)
Voltage (V)
wiiRss A EERBUTEE SRR
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3 Sy s 8 =252

BE AV KGE MO RER

MJ Thin film silicon solar cells :
a-Si:H
by AHRS a-SiGe:H
Vil or
| pe-Si:H
pe-Si:H

| . EEm
BHiEs 2¥S
MrEEAtRE 1976 ~ 19974 ~ 20004F ~

FEWPE  95% (XA TILK) 11.7% (h+AH)  20104%ENEDOBE: 15%

BER#E TR, SEAXBEROSRLITIFRMICRH# L5 FEEIND,
wumEEA R AT ETRERR
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MITNAE T LEFEEKISEM (triple tandem solar cell)

a-Si:H pc-Si:H pc-SiyGe,:H

TEILI 7RSI, ikt &SI

FRIM R D SRR AV /NS
TN EDEBEBE RN KEN
Small absorption coeff.

.

k5 ssSi,  Ge,
FA—FryFEizLY, Bm

i HINBEERDILEEET
g | Higher IR response with
W i\ narrower Eg material
¢ fo |
uc-Si, Ge,
double triple
PLI /1..\.Ll lh\ Ly 77=12'13% 2 77=16%
400 600 800 1000 1200 1400 . 2
Wavelength (nm) J..(SiGe) >>30 mA/cm
wrz A R TS STHRPT
AIST AR EBHRE 25—

2-1. ZEAEICAIT-MEERS, ,Ge FO—F vy T KISEth DEESHK

uc-Siy,Ge,:H as narrow gap absorber for multijunction solar cells

)
-
3

M EE  grounded electrode

SiH4/GeH4/H2 powered electrode

T L R

a-Si:H

T
|
|
|
|
|
|
|
1

=i
o
ES

pc-Siy .Ge, ,:H

Absorption coefficient (cm'1

B 1) |
deposition condition E b
System PECVD (100 MHz) T A T,
Substrate temp. 200 °C 5 20 25
Photon energy (eV)

Disch ow
iseharge power 3 o AR T B SIEY b KB IRE

Pressure 1.5 Tor Larger absorption coefficients than
SiH, flow rate 5.4 sccm pc-Si:H over the whole spectral range
GeH,flow rate  0-0.28 sccm Ge#l%20% Ca~1.5%

H, flow rate 300 sccm @1.7eV (A=720 nm)

wymEEA BRI ST
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Material properties of uc-SiGe

I

T
|

i
o
N
—
D)
=

Spin density
3
)
S,
1 v

Carrier concentration (cm”) Spin density (cm®)
o

[}
1016 1
1014

(cm

uc-Ge:H

higher 1/1,
= lower spin density.

higher Ge
= higher spin density.

(a)

TS -rv- ey e
_
o
s
@

1
1
1
|
i

»  Coplanar conductivity
«  Photoconductivity, &, Under

2 AM1.5, 100mW/cm? illumination
=107 '
o} 17
g ! 10 In
210" | ! ) (b)
higher Ge | 3 . F
10° [ = lower photosensitivity amorphous rich region p-type

= n-type conductivity

+ + 17
10" f(c) ! prtypep: i L s 3
r 1 n-type = n2pjypetransition
10" § Goorich films (>073) : 10 P /f d
~ = nSp-type transition 1
'e107 | 1 10" NP e e
=07 1 0o 2 "4 6. 8 ‘10 12
r 1

Crystallinity (///.)

00 02 04 06 08 10
Ge Content x

Carrier concentration Photosensitivity

P eIN L 2 s dliF =LA
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2-3. EE &SI, Ge, T ILEILEE

Device performance of pc-Si, ,Ge,:H single junction solar cells

<EFHNERARIRL> <HHILFHER>
1-0_ LECEE I S L T O S L R A e LY 2 AR TR AR | L R R A ! LA T R R R A |
> . pe-Si, Ge,H] LC>>~ 2F
c 08F S :
0 F ® TF
O L = o
£ o6} B 08F
) [ o o
C O 06 [ 3
g 04F S
= 3 © 04 F bk
S ook £ AM1.5, 125 mW/en?,
& Tk O 02F 0 reui
s = F 48 °C, open-circuit
0.0 1 PR R R PR R R PR R T i 0.0 bl sl sl
400 600 800 1000 100 10° 102 10°
Wavelength (nm) Exposure time (h)

B x~02F CHRIMBREFEIRITHE R n=6.33% at x=0.2)

Monotonic increase of IR response with Ge incorporation up to x~0.2.

g x>0.1 CIEE2EDpc-Si:HE L E 5 RN RE

IR response larger than double-thickness pc-Si:H when x>0.1.

n Bhi-XREME

Excellent stability upon prolonged light soaking.
Matsui et al,, APEX 1, 031501 (2008)
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3. 7EII7ASiM#EMRESI, Ge, 2EEAXREEM (FoTLE)

a-Si:H/pc-Si;_,Ge,:H double junction solar cells

AR(TiO,/Zn0)
AR Sno a-Si:H  pc-Siy gGeg ,'H
(TiO/W%.Z&OJ um 0.7-0.9 um ZnO/Ag
> -—
— S é[% ,- %";O

10 7 AT L % R T T e & 2R fa R R R |
2 r Ve ] g 12 3 a-Si:H/pe-Siy 3Gey ,:H
i C- : .9 um)] E
< o8} i Slaet M e E 10 (0370.7um)
§ : 13.7 mA/cm =
Eosf 1 28 ,
. ] oAk !
= b ) ) ] c 6k Jge 0 11.7 mAlcm
L a-Si:H pe-Si:H ] E %
g 04F i Dol V1134V
s | SRR =k FF : 0.688
3 02f itk s gt M :10.8%
g E 2F e e
=} E
00 T | e b g g 3 A Uk | O 0"... Faidaa s s el aaa il FISS ETETETETES BATES W A
400 600 800 1000 00 02 04 06 08 10 12 14
Wavelength (nm) Voltage (V)

EE2fE DMFERSI Y BRI R E
Higher IR response than double-thickness pic-Si:H

‘b —2IVIR B um THIRA B 10.8%Z E R
MNini=10.8% with a total absorber thickness of ~1 pm

mumiEA BRI SIS

AEARERE 22—
4. a-Si:H/pc-Si:H/pc-Si, ,Ge,H 3#EEKRBFEEM (T2 T LE)
a-Si:H/pc-Si:H/pe-Si, ,Ge:H triple junction solar cells

pc-Si:H uc-Sip gGey ,:H
2.5 uym 1.8
s e o S0 FROYA
NE - ] 1'0_"'I""!""l'2"'l
c10F o - total 27.8 mA/cm
2 o F A Q. S e
£ Rk .E’ 0.8:aS|.H
RN & O r N\ : A
= 6L R % 06 F \e-Sig gGeg ,:H
D] J..: 8.5 mAlcm® ] - ;
S 4f Voe: 174V 3 Stowl
= FF : 0.662 =
2 2F N :9.8% 3 S 02k
5 ol i
O 0 IS FERTE FEUTE FTEE P PR N PR P v 0-0’-. £2N R S
00 02 04 06 08 10 12 14 16 1.8 400 600 800 1000
Voltage (V) Wavelength (nm)

WG ERSi) sGeg , REARILICEDERIMEELL > EREIILLEER 27.8mA/cm?
IR response is enhanced markedly by incorporating pic-Si, ¢Ge, ,:H bottom cell —
total current :27.8mA/cm?
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Hetero junction c-Si solar cells;

Synergy of wafer-based
and
thin film technologies

wrsEEA A T SRR

AIST ABEREERR 52—

a-Si:H/c-SINTOEET / \ 1 ADEASE
a-Si:H/c-Si hetero junction device

a-Si:H/c-SinTHES [Ag]
ITO

e Wider band gap
a-SiO:H p-layer [y optical matching

a-SiO:H i-layer | Better band alignment ?

ERSTH L IVEEITEV ~50 A
a-Si:H i-layer |~50 A

: c-Si (n) Symmetric structure
- n-type c-Si

vtyp a-SiO:H i-layer Thi @ "
a-SiO:H n-layer S e
ITO
Al

wurfREA ERIE TSR
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HBER (54pum) a-SiO:H/c-SIfiEANTHEE R KB Eth

Ultra-thin (54pm) a-SiO:H/c-Si double-heterostructured solar cells

40 -

30

20

10

Current density (mA/cm?)

r T T T T
/—100 pm cell [300 pum cell™|

> 10

o o o
A OO O

=
(N

1
External quantum efficienc

1 : | ' 1 L !

e
o

0 L L
0.0 0.2 04
Voltage (V)

a-SIO:HEZRAL, HEATOEERLLTIERTRLES4I mOKBEhE
ESL . EEZIE12%EHT-.

Using a-Si0:H, the thinnest heterojunction solar cell (54pm) was realized with 12 % efficiency

0.6 400 600 800 1000 1200
Wavelength (nm)

i ERR MRS HZR

ABEAEEH R Z—

In,O5:H high-mobility TCO

10— ————

R ROV RNV E 3 = | 0,05:H
/ rf-magnetron sputterinl \ S\_/ 80 {ols%%aled
Q

N3t L ]

w/oasi%.ﬁating é 60 Inz /}3:]&

= Ill203 -0 as-depo ited
Ar 5 02, In, 0, target a (ITO)
8 L1U)

H,0 E 20 1

thickness : 240nm
j ¢ 500 1000 1500 2000 2500
Wavelength (nm)

ITOY In,05:H? | In,05:H?

post-annealing in vac.

~200 °C

solid phase crystallization

EHE p (Qem) 2.4x10* 3.7x10 2.7x10*
BHE 4 (cm?/Vs) 29 56 130
TYYTREN (cm?) | 9.1x1020 3.0x102%0 1.8x10%0

Jpn. J. Appl. Phys.46, L685 (2007).

DSnO, 10wt.%E 2 H~3at%&

ez BRI SRR




External quantum efficiency

In,O4:H high-mobility TCO
10y v 1)

ABSREERE L 5—

+0.79
08l AT 10.8
' (mA/cmHN\+2-06 |
()
Q
0.6 106 =
2
=
0.4 doa S
0.2 202
~0.01 pm

‘ : ; 0.0
400 600 800 1000 1200

n-fype a-5i - ~0.01 pm
Figure 1: Schematic diagram of a HIT solar cell.

Wavelength (nm)
N(em?) | u(cm?/Vs) HIT device
In,0y;H | 1.6x10% 140
In,05:H  |3.3x10% 55 Higher Jsc due to lower absorption loss
ITO | 7.7x10% 15
s ER TS TRZPR
/ST I R BHR L 5—

Light management ;

Crucial for thin film technologies

mnerA BRI QAR
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BB btEEZRALEIRS YO KEE AL ADIEEDRR

- Light trapping in thin-film silicon solar cells using self-ordered structures -

ITO
®Sclf ordered texturing using anodized Al
®1ip structure

nO
Interpore distance
Bite x\('ﬁ’;ﬂ%ﬁj\) f)ell 4g0nm)
Porous g : '
> ——A=0.1um
——A=0.3um
508} A =0.45um
§ —— A=0.9um
D [ R R NN e 2 Ref(Asahi-U)
e 0.6 B
=}
g
> 04 .
o
©
o /
@ 0.2 B
-'>-<' i 4
u nip uc-SizH cell, i-layer: 1 um .
00 1 1 1 1 1 1 1 ==
L PR 300 400 500 600 700 800 900 1000 1100
Wavelength [nm
0.9 um (370V) gth [nm|
PG OIS S5 i =T AT
AIST ABAERERAR 52—

Diagnosis of processes ;

Understanding for further development

wumreeA BRI TSR




AIST ABEHEHE 57—

FvET1—U TS 9 (CRDEZRAWESUAHILEA

Radical measurement by means of CRD method

CRD;% Spatial distribution of SiH;

! radicals between electrodes
. 2 @ g T T ()
INLRIE g F A 1s0c] I
7 ‘,; F e 20c]
B Q

2 250 °C
X F - 1 &
5 2k 1 2
~ B 4 o
| = N 0]
5 1 3
- F 1 Z
g 't 1%
S F ] IS
2 S
= o
© 3

(&)

1 2 3 4 5 6 7 80 5
Position (mm)
Powered Grounded

-

=)
O T

Radical distribution
< substrate temperature

SIH3SCHIVEE . IS4 —BEF Powder formation
B | 2 50 9~ & S AR B il D BRI 58

gumRcE A SRR T SR
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O YarRTITSX<CVDDHEEAFE

VHF(80Mhz) generator

collector | //
b asnnn = | maching box electrons
o¥ e, °

Electron temperature
H, SiH3, SiH, generation

@ % o Polymerization
S SiyH SigH, o) from LOS to HOS
¥ Pore films
@ )nanoparticles

Ion bombardment
Defect generation

= rearrangement
Si,Hs, Si;Hy,.. [ "“"“8 Dangling bond

1 &eneumuon

hrpole *,
¢ massfiter  exractor orifice

Favnare,
laser %
sune®

LOS radicals
SiH;
T

EMmEBELEEEICE, MEDOFBELEELFETHIEAWNIE !
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Recent activity of Advanced Crystalline Silicon Team

IRE Ih Isao Sakata

B WA
EIE-REEOERZIVKEEMDER
77O—FELTIE:

BER-BERERV)IVKBEM
FEZ LM EEMFEREOHEAEDE

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

wuiEce A SR AR S TRZTRR

AIST AR ERE 54—
R - BEIERE RS ) 3 KGE M (Thin film or thin substrate ¢-Si solar cell)

SLEmHE DR . RFHEIERIRE (lower production cost and feed stock issue)
|
—DDFRE: KGEEMDESZEER : € F£200um L £—100pmEL T
HER EX00um T O oV EirEE B
1SR RREMEER (FIZEE53vIR) £ ES30umEL T
solution: thin film (< 30pum) or thin substrate (< 100pm ) ¢-Si solar cell

HER)LERFM OB technologies for thin substrate cell

1. NEDOZFME  BERATOBED IV KIEE
"TIRIVRAARIYFUTIZLBRETIAF ¥, surface texture
- {E R Back-surface-field BSF)$%fff low temperature (LT)-BSF

2. BX#MR
{ES120~150umD )L HERBE M OER L TEZETHEEN ?

3. BEEDHRMRE
‘BB TAVY—Y—DOFEMME NILTEEEDIENR

Fixed abrasive wire saw : reduction of the damaged layer thickness

s EERE AT AT AR
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BERE ROV KBEM 20065 E ~2008FEE

225 o ST T VR R RE B v O I R BR 38

SR =
Z Z ;:j ;éi“ fg Plasma-less gas etching for surface texture formation

T I AT ¥ —FRk

Eﬁ}ﬁﬁ}m SF &f?ﬁ]
(p—type a-Si:H)

LT-BSF with a-Si:H

p—type a-Si:H
S EE A

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

mysRosA BRI S STHZAR
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XeF, i RE V=L I BIRDRET IR Fr—ik

Surface texture formation by plasma-less gas etching using XekF,

L
XeF,HRZRAWTIRAILVAARTYFUYT

Si + 2XeF, — 2Xe + SiF,
-EFMOEAMIKRELEVWIYFUY - ZERERISET S
TSAILR = BH A=V (RIGEAA D TYF T EDELY)
-HRH — ES100umb AR LD BRI ERISET 5 CARPLEDEL)

Merits:
isotropic, does not depend on the crystalline orientation
— suited for mc-Si
plasma-less: lower damage when compared to reactive ion etching
gas etching: suited for thin substrate, easier handling when compared to
the etching in solution

wrsRcEA B AT ST
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XeF, HRIYF U CHRBLI=RETIRAFr—
Surface texture formed by XeF, gas etching

B E2(photo-2): Z#E@)ay
EABLICRDMEN—1R
TORFv—aRK:

mc-Si: uniform texture

B E1(photo-1): Bt & )ay
S LTHRAF—RR

single c-Si: random texture

P I 52 i =t AT

ABEAREERR 22—
XeF, HARITYF T THBLIZTIVRAFr—RE D REEARINL
Reflectance spectra of texture surfaces formed by XeF, gas etching
1 T T T T T T T 1 T T T T T T T T T
0.8 - R 08} mc-Si :
L . L R < 3% achieved .
S 06 S o6l i
g g r Texture
& 04 B 04r
0.2 0.2 . Texture+SiN_
%00 TB00 700 900 7100 1300 %0 500 700 00 1100 1300
Wavelength (nm) Wavelength (nm)
i ey RETE (S HRIYIY)
- si,nl:lgﬁlieE ¢-Si (mirror surface) ?giz:: (?S’Er\l?hl
B: & #4122 (FH2) me-Si (photo-2) T{gu\fi§1$(3:y§ .
C:EfEm> )V (BE1) single c-Si(photo-1) s o LU
) ERE WG
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AR RAIERWN=RETIRAF VY

Surface texture formation with metal masks

/ EEE]

X/ AaanERN|
S T

¢ R

g &

H
‘NivRY BOE:5um¢ . EF:30um
"EAMTYFUT TTIRFYRA

46. 66

Ni mask: aperture Spm @ , 30pm pitch
XeF2 gas etching: isotropic etching

wumos A EESR TR SRS PR

AR EHZE L 54—

& ;2 Back-Surface—Field (BSF) Hfff LT-BSF

Back-Surface-Field (BSF) :
-REICBTHDEF I TEHEE DER
reduction of minority carrier recombination at the back surface of substrate
‘EAICEMEFALEER TLYFF)TREDOBVEZSRIT. REEAIS
BIFEERDHOHEZEITD
DEF) T DEBEVMVELTERESEREZIER

{K;R : 200-250°C substrate temperature: 200-250C
TORRIZETEHAEAFEELEEITSD can avoid thermal generation of strain
EEOITFADER — RY(A-BSFORRE) DELIBSFHZ K

BSF layer formation for thin substrates without warp
‘RFFSXTCVDiATrE £ fE SRS 2V E MR (EE120pm) OB EISptBER K
PECVD deposition of boron-doped p-type a-Si:H
on the back surfaces of p-type mc-Si substrates (120 pm thickness)
REHR DT KER ORI
» pTBIE/E:60nm layer thickness: 60nm

nusre) ERBATHETZAN




REBAHEEEESOOE R

, (L 31L—Lav )
> | ] 0.7 -
% O&W% ‘. ®0 00O ¢
uw o3 _éé T o
E S | N T 065[ socenplo O
: 0.6 _: - °' . ‘. ] §
o | o | =
E N } o W06 [ o
< i o g
g 0.4 [hoete . ——T+—1] =
g L 192) § 055 [ . 9
Z o2[OintipraSiHBSFIAL | 3 ] - - R
E ipoly illcoEn 120)"""l ?ibc g 0.5 [H= 11;0,,,,,,,,, .............. e 00 g
T ol . . ) o (940nm) = 3x10% cm’
400 600 800 1000 1200 Sk ol |
WAVELENGTH (nm} T 10" 1 100 100 100 10°
s, (cmis)
75 =% cid N A
BSFIEDIBIZEELEL TEE700nm, SHITEINF-EEER0.6431% .

940nmIZFH I+ DIQED LLFEEED
CREI40nmTIFEED 7LD K51
NEEHITH=0)

Sb=900cm/sIZ4H 2

fitting of IQE data with simulation

Y back surface recombination velocity, Sb,
FCORMTOLLE:0.643 of less than 1000 cm/s achieved

wumsA BRI ST
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BRIV F—LTHERLTHS L
Thin substrate c-Si cells developed in our team

BERER 200 um |

(5X5cm, 2X2cm)

]

single c-Si

mc-Si 120 pm ]-—[~;1,oo_um.,]

BEELAILTOES commercial level
< = |

200 150 100

/LD EE substrate thickness (um)
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Ex 150um )LE 120pmtz/LED LB
Performance of 120pum and 150pum-thick mc-Si cells

IV451E IV characteristics 2 SR E internal quantum efficiency

40 T T - T : T 1 [ T T T T T T
r d=150pm o 0.8 _ _‘
30 |- d=120um - o [ ]
- 5 8 ]
) - . s 06 B
5 E I ]
< 20f i c i ]
- =3
o L | £ 0.4 1
= 3
iy 1 Teafome —
0 | I 1 1 1 1 1

0 1 1 1 "
400 500 600 700 800 900 100011001200

1 1 1
0 01 02 03 04 05 06 07

V (V) Wavelength (nm)
Jsolmavem?) Voo (v) FE  Eff (%) RETIAF¥EL. A-BSFEEM
150um cell 329 0610 0750 15.1
120um cell 317 0606 0738 14.2 Without surface texture
Improved AlI-BSF
A R AT SR

WEEN 7/ v —EEEEMN 7/ v—0:EN

(& e AL T AN ——

WEBERERL D A 7 —)—

Loose abrasive wire saw Fixed abrasive wire saw

SRR (SI0) AERIETHIA EYSHODEG Sl N
BREEN D/ v— BREERDAv—
BRER | SR-I7-IMTEE | SREXITKTEBH
MRS SREHAOLE 15—
DRER HY =L
nusrA BRI EGWRAR
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Fixed abrasive wire saw — reduction of the damaged layer

[ FE AR AL A0 T

NIERBEH
4~5um
ey

I

40 |

Carrier lifetime(us)

thickness

NIEHEBEA
10 ~11um

Loose abrasive wire saw

30 : S
'é * ) I/N\A (E5E)
20 x ) I/\B (E5E)
s i —&£VINC (BE)
. —a-2 T T/\D (iEEE)

0 : g

0 5 10 15
Depth (um)
mummos A EERX T ST
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HERSIKEE DM ER L
‘RE. RECOBEKBSMHIL
—BSF., REFEMLLE

- DR URR RASAA K

—ZEA1L: SITKRFEETD
TARNURLBELSBE

Efficiency improvement of c-Si

solar cell — multijunction —

combination with widegap
material (Eg ~1.9 eV)

ZESAKBEM multijunction solar cells

2.0 {|AM1.5G efficiency (%) EE’

H1 2BAXBELD o
ZODEEDIVR 219
FrvTOHahte LB § %

MBmE R, S
(In)Ga(As)PN (/3K @ 17K
FrovT1.9eVEEEHID) F
ESI(RUREryT Q18

1.1eV ) DEAHADHET 2

$£30% L4 E DA 15
#TES,

1.0 1142113 14
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 V<4 (1)) 1sun 1.sun 500 sun
f E e g‘g 2 GalnP/GaAs 1.8eV/14eV 314 351 38.1
=] Kﬁig;ﬂ‘.ﬁﬁ 2 GaNPAs/Si 1.7 eV/1.1 eV 33.8 374 438
w%i 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 1.70-1.85 eV/1.20-1.25 eV/0.7 eV 3723 40.5 47.3
& GalnP/GaAs/GalnNAs 1.8 eV/1.4 eV/1.0 eV 39.0 434 48.9
3 GaNPAs/GaNPAs/Si 1.8 eV/1.4eV/1.1eV 36.6 40.6 47.0
4 GalnP/GaAs/GalnNAs/Ge 1.8 eV/1.4 eV/1.0 eV/0.7 eV 391 40.5 51.0
J F Geisz and D J Friedman, Semicond. Sci. Technol. 17, 769 (2002).
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SR FESTDH. EBAD \iaN
NURF vy TEH/T D H i [ GaPN .
HI-VE LM TER AT, 3 1, Garf. | iAs

- 2 DAY ‘SJ‘:I Z 3

-3 e | GaAs InP
*GaPNRI[EZT AR/ 9 k“
EryTHEERS. g i

InN G A p

-GaPN% (3., BN AZ ’ B TS
WECHTRIEBB THD, v

4.4 4.8 5.2 5.6 6
Lattice Parameter (A)

GaPN:SITHFEAT 5. EROBVTRESELNT AR/ URF vy T 3Bk
!
8257 LMEIZ kBT KB B O —BOBHELL

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

musoe) BB STRZAR
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£E% Experiments

GaPNEE/E AUBHRIE
MBER& RF-MBE growth of GaPN
- 2EXFEGaP/\w 7 & for SiE#x

MHER AR E-300C-100nm
*Normal GaP/\vw2J7& for GaPE#x

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

RF power: 200W (typical)

VIl ratio: ~10

N2 flow rate: 0.1-0.2 sccm

£E{fi characterization

-RHEED

-ZEFRHMR:XRD

SR URRE : e FBiE - R AR LD
optical absorption

:Internal photoemission

2-step buffer layers for GaPN on Si
Normal GaP buffer for GaPN on GaP
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GaPN®D ZE 3R #8 g D 5%
Evaluation of nitrogen content by XRD

GaPNIEDZERMER  EAZDIRFEL
- XRDAYF L5 H—T CEOEFEHH ST,
BIEFEBATERLTWDE, EIREEORFENETIZIEESE
Ly,
—{115)D VT ILRAF YU TAHTEYR (@) BEHETZ B/, 2

Ne N DN

(@QIEIZZER ALY (b)ﬂ;d)%?mﬁb\ OEDHRFELHMN
WE& INEWEE

BAEL EEREIEDEITEIEIEET

Strained lattice should be taken into account in GaP(N) on Si
muFEcs A R TS S TAZRRT THRIETER

AIST NIEEREHT 52—

-=-= Peaple
Mathews
=== Mathews-EDL
—O— Misfit(Just)
| —{_— Misfit(2 off)
N | =7 Misfit(4 off)
B SionGaP [1]
.\
S
\-

10*

s 2 WG SR - i
1000 (2 :: TR *Il*\f

I[1]Maree JAP 58, 3097(1985)} ! g
R i T s A o R T P

-0.002 0 0.002 0.004 0.006 0.008
Misfit

GaPIEDHERNARDEFERD . BERFERNODORFIREAL. EBE,
Peaple & UMathewsDEGFRIEE LK FREEDEFREERT-,

Thickness (A) / Critical Thickness (A)

Lattice mismatch in GaP films on Si substrates:
critical thickness has been evaluated to be 0.15 —0.3 um depending on
the offset angle of Si (100) substrates
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GaPNOMBER EIZH T 5 EREUARIE
Nitrogen incorporation mechanism in the MBE growth of GaPN

N-Tsub: LangmuirB! ik &
-BEEEAFRETHD, s
— /8 and/or SRR TIFALY, Nredicd
R E LA EIY O EFEIREE, : Rp. Mp Py N

—~ b L
Tsub dependence of [N] ‘ ...‘ /,..\. ®© @0 oo (0%
Langmuir type, mono-layer adsorption “—{  desorption

|

dissociative chemisorptio

N-N2,RF & N-N/P ratio

ERST LI 000 000000000
“N/PLEICIR LR, Ga stabilized GaP surface
—PERA LRI, O Gall @ Phosph ® Nit
—Sticking coefficient A KEL, S s el
G Z{Blf=He Y 3A .
—_— ?N%r‘a s 1’;? GaPN/GaPDERIYAH DR
; Schematic of the N incorporation mechanism in
[N] does not depend on N/P ratio the MBE erowth of GaPN on GaP
—does not compete with P incorporation &

large sticking coefficient
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F&&H Summary

1. F—LDIviay BoR-EMEEOFRI)IVKBGEMDER

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

2. BEE-BERERS) 2V KBEM Thin film or thin substrate c-Si cell
TSXRLVAARIVF UYL BRET VAT YR
surface texture by plasma-less gas etching using XeF,
- {& ;8 Back-surface-field(BSF)#%fiT low temperature BSF
(EE120~150pmD )L HEEEFE M OER L TEZETRIEMN?
cell performance with thin substrates
-BEEEHTAY—Y—OFMME NIEEREDER

Fixed abrasive wire saw — reduction of the damaged layer thickness

3. ST EMALT MMEIZE R BRI AL B DR R
GaPN for the tandem solar cell (combination with Si)
-GaPNDZEFRMRLDEL{H;E Evaluation of nitrogen content by XRD
-ERRYAH#EEE  Nitrogen incorporation mechanism
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F4E KEARBERAR L I—HRRES

AEEF—LDOHE

Recent activity of Organic Thin Film Team

R EZER

Kohjiro Hara

http://unit.aist.go.jp/rcpv/otf/
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BRI FAREEM

Molecular Photovoltaics
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0.2 0 0.2 04 0.6 08
BE [V]

Cell Jsc/mAcm2 Voo /V FF /%
P3HT 63 041 054 16
(FriRpase) ZnPc 50 047 053 13

Tandem 50 089 048 2.2
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HAEMENDEBFREDEA
Q0000 ~usty:pB5F @ CB0:nEAF

Cross section TEM Image

SEM image of the surface of Ag:Mg
Pentacene/C60 blend layer
Ag:Mg
BCP
Pentacene
:C60 blend
PEDOT:PSS

ITO

[ ]
Glass substrate

- 2 Jsc:8.2mA/cm? ]

40 f vsc:2mAlom _ 10 Voc:0.40v {510 tayer
— 30 ) FF :02s 7 T ||FF 048
‘£ 20 { PCE:0.04% 3 PCE:1.58%
2 10\ A E o ]
Sl LE 5
= -10 photo 8
£ 20 G TSI
3 04 02 00 02 04 06 : R

Voltage [V ]

HAEE TIIERER LLALY XEREICLSBIEFHETHREMLE
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= B = 3, .
=S FRABE M (P3HT:PCBM)
B ' .
@ | S S
el I
_J,
2
l 9 0 f—
5
5
O ot
1.0 05 0.0 05 1.0
Voltage / V
PCE = 3.8 % @ 1cm?
Jsc = 9.68 mA cm?
Voc =0.62 V, FF = 0.64
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BRIEERKIFGEM (Graetzel cell)

ARty

HOOC \I BE o ‘ wéo
BibF4 U EE EiE
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o with mask, without AR film

| mask and no AR film

0 o 3 : 3 ; | TiO, electrode: 16 pym
0 0.2 0.4 0.6 0.8
Voltage / V Electrolyte

0.6 M DMPImI + 0.1 M Lil +
Wang et al., Chem. Mater. 2008, 20,3993  0-2M1,+0.5 M TBP in AN
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e 10F
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EBEBFEDTAE (MK-2)
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. AM 1.5 G (100 mW cm—)

n=7.8%
Jsc = 14.5 mA cm=2
Voc =0.76 V, FF = 0.71

mask and no AR film
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RN FIBEICKSEFF @E&%

N /s\ Z COOH
NKX-2587

0.1 e

Electron lifetime / sec

001} @ N719 e \_\_

NKX2587 N\_
MK1
MK14

0.1 o
Jsc/ mA cm
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Galoppini et al. J. Phys. Chem. B (2006)
P B EA 1L IR

(@) E?%ﬁ?ﬁbﬁ'ﬂt (— EVoc)
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(BEF@EHEHE - FERLC)

Zhu et al. Nano Lett.(2007)
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M BARFRRKE 2008.7.28

EXRLEBET—LOME
Recent Activity of
Strategic Industrialization Team
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Atsushi Masuda
numws A ERBATSTRAR
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Mission of Strategic Ind. Team is technical transfer to industry.
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Mission of Strategic Ind. Team

EFEEEAT T, iAERRMOERLA
et ZIREA T HEEBIZ. KEEBMERDIFE

EHEIEFAMDERZRS,

Verification of novel techniques, Fosterage of young researchers

EFEEEARG OV — 7 LB EHE
Collaboration under consortium

N—FA2T2) 5510 BEEETONME
YOk a2 ) —7 LR

s BRI ST

EZIEBIETF — ATERL TS T—<Of

ETAUZERULV=ZE  Test line of thin-film Si solar cells
BRSOV KBEMDEAEE SRR (NEDOZEE)

BF—LDHLBEBRMTETDHE  Flexible substrate consortium
IJLF LT ILKBEMAR) T —EH BT 25 &
(REIfEStENI Y —L 7 LB HFERE)

F—LTEBLTULEWNT—IZEEF B2 Novel tech. of c-Si
B@m)aAVA YRR ASA AF iBI% (NEDOEET)
BRD) a2V KBEM DS HEREL B MBI F (NEDOB £

ZDfth Others
KGEEMREEEFRKOIRXMNEE
=T LSO RBIEELGSVIZKEFEED ERRFZE (144E.

8KF)
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4 S 75@15' Example of apparatuses

310 mm X 410 mmEAR >3 i
HE AU KEERATSAICVDEE
Plasma CVD apparatus for thin-film

;i;iocon sotlr“cl(:)lls with a substrate size of SIS ) O B o R A
e I 2mP A RERTAY0KTSATCVDERE

Microwave plasma CVD apparatus for
thin-film silicon with a substrate size of 2 m.

s B ARSI
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Test line for thin-film Si solar cells for collaboration

A RERE > 5—

¢

NERRRBEE CORBETIE. EROTES A EDBEAKEL
1R 248 2 (310mm X 410mm) DRIES Y3y ABEHEL S (L £ g

[ BHNEE 7__{ ISE—2 T pinfE
288 L—H—25547 F5Z3CVD

B INE—T EEERE INE—2IT
u—*f—xaa»ﬁl | 2898\ L=H=29547
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TIRTFIAII)—=%  F,plasma cleaning
NF,= 500 scom[&E%E F,= 500 sccm[EE
A —refs e
FoN\—NEIEE
HEiRHBILE
TS X< 5EE, e En
FyoN—LEEE.
Ja—A G R— S RENDMETHRE.
No Ar dilution is needed for F, plasma.
TVRTIRAII) -V R TREE N EFELTLAEND
No change in solar—cell performances after F, plasma cleaning.
Hill: RRA—tviay WE B(EERNLAWRN)
e R TR S TSR RR

AIST AR EHE 54—

YA R TZAXAYCVDIZ LA MEEmSikmis s

Large area microwave plasma CVD of u c-Si:H films

AT TF
Slot Antenna

& Eﬁi dielectric)

915 MHz
Mucroway

MEES )3y uc-SiH

- BUIEEE dep. rate: 2.4 nm/s = 10%
-§i %% grain size: 32 nm % 2%
-$E8R1EEE cryst. fraction: 77% =+ 4%

ArH, 75 X< 8t 5

Bl RRS—tviay AEEX(EHEXE)
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VHF 7S5 XYCVDIZ &5 MiERSINEREE
Large-area VHF plasma CVD of u c-Si:H films

RRISATEEICL S —HIERGE

______ s g g = 2.5nm/s

U E (nm/s)
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ERAMEZE (mm)

>HERSITEE RERAREESHEI%@2.6nm/s Z#F7=
>EREBZFEL., a2 EAR ISR LY —HRITERY 5
- ARRA—Eviay BREGE(ZEEIR)

wraRsEA B TSR

< /LFHRA—hY—KFTS5XICVDIZLD
s ESiEEMTE

Gas injection hole

ngh -rate preparatlon of u c-Si:H films by MHC plasma CVD

: Metal cylinder
Multi-Hollow—Cathode (Cylinder—type)

AFM image of t c—Si:H solar cells

MHC-CVD HPD-CVD E#fl: RR4—twiay
i (B EBR 7NV RTH/00—)
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Creation of new industry by collaboration under consortium
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Flexible solar-cell substrates consortium

NGC KIMOTO
= NIPPON GOHSEI I\E}I K}()w

< SUMITOMO BAKELITE CO. LTD. 'Processing 1
"ingy Teijin DuPont Films» '

National Institute of
Advanced Industrial Science

Films —| o« sy IHI

gsmm\m\ SEISAKUSHO.LTD.
Machines /
AITHF—n—: RNEITEARE. KEEtMA—H—

= 148: 2006.6.1~2008.3.31
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ILFX T IVAKBEEMEM Y- T L(1)

Flexible solar-cell substrates consortium (1)

o Remove Textured
Coat by Lamination UV-curing plastic film roll
acryllc monomer i (or/and heat)
j
2P KRBT IARF XA+ T AL LR
Bilayer fabrication of textured film 2p(2 parts)
Substrate Jse (MA/cm2) Vo (V) F.F. Eff. (%)
Asahi-U 14.7 0.85 0.71 8.9
Glass without texture 11.4 3 0.84 0.66 6.3
PEN film with texture '11 5 086 oleDl s 9
PEN film without texture 0.83 0.61
Eﬁlﬂ RRA—tviay ﬁiﬂf'] (%%t)
Rz BRI TES S IRZLAT
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Flexible solar-cell substrates consortium (2)

>S5 RWELVNY 7 IERS L HC CH,
Barrier film formation without silane H,C _\s;_Si /_ CH,
/ \
SIZEHH R (CH,) ;SiSi(CHy) j (NEFHAFILSIFY) FE CH,
F DD #F R :NH,, O, H, Hexamethyidisilane BP.112 |

RIEEEE . Cat-CVDEE
REFBRTERLG/N)T IV LERT=,
R mFETRmSL. Si-N, S-ODFEEEEPT LT, N\ PTHRERRELT =,

INYTHERE WVTR=0.02g/m2/day®D /N T IA )L LB, S5 HZRERNS
[CHEFEEE40nm/minTE L=,

Barrier films with WVTR=0.02g/m?/day were obtained at 40 nm/min using no SiH,
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High quality spherical Si
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Virtual factory for thin-film silicon solar cells

with remarkable low-cost production

fgﬁﬁﬁ: Condition

FARFTTI5HA: 20155 Completed in 2015
RIBTIROHIE: 10GW  Scale:10 GW
KEEHOTER  BIRSIABEM Thin-film silicon solar cells
W& AR REPREIBE  for MW-class PV systems
BEEZ2—ILARK:50M /W Target module cost: 50 yen/W

RGBT HEL
SROMASBEICIRILTIE!)

BE0: OEEEEE (298 158) /AR (EEREMLSTER)
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Recent activity of Characterization, Testing
and Systems Team

Zll =8
Yoshihiro HISHIKAWA
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Systems SRT L

performance SR % ﬁ%
reliability HEDH — XiE, EH ' : ) S
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Characterization of the performance and reliability of PV
cells, modules and systems
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of PV modules
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The acceleration factor for temperature and irradiance is calculated.
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Estimating potential for the introduction of PV systems into the energy system

HE BRSOV ADBAICEITA 2030 HEEZEEL T, FILETERVWA—RAER+PVO
PV 25 LB A FTEER D& S, REEN BB TLEET—AICEYRAL AEMHEL,
(To estimate possible capacity of PV system %@iﬁéwﬁlii—ﬂﬁﬁiéﬁibrﬁﬁ Zi1ot=. &
by means of power demand supply balance TR HEL THI88GW, EE R HEE TH130GWODE A
analysis.) AlREMERAE L=,
Hiak powat # BY.< Powar Demakd (Possible capacity of PV system was estimated as
e e approximately 88GW without energy storage equipment.)

[mpy

2030&%@%1@\% =3Base power
— power demand | i pvgkﬁfﬁgi
Table. Possible capacity of PV system
PV system Power of storage equipment [kW]
[GW] 0% | 10% | 20% | 30% | 40% | 50% | 100%
0% 88 | - 2 = E - =
10% - 102 | 111 [ 111 | 111 | 111 ] 111
Energy 20% - [102 116 [ 123123 [ 123 [ 123
capacity of
storage | 30% - |102] 116 [ 130 | 130 [ 130 | 130
power of geothermal qu‘ki\Fl’vr:Tm 40% - [102 116 [ 130 | 133 [ 133 | 133
R A 50% | - | 102 | 116 | 130 | 133 | 133 | 133
power of nuclear
100% - 102 | 116 | 130 | 133 | 133 | 133
0 3 6 9 12 15 18 21 24
Time [hour] o _ e
PVEARIEEBDEH DA A— AR PVERHAESS2(GW) N1 HERHERAEET HHEENE

A 529.2(GWh)#5%H100%
Fig. Schematic diagram of Possible capacity of PV system AHNEE: ZTHEELOPVEAFAEES8.2(GW) & K100%
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SEDFE Plans
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2. NKIGE R EHMEEEMBEM Reliability characterization
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3. PV AT LB System technologies
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Manufacturing of high-efficiency CIGS integrated modules using in-line deposition technology

{EEMEEF—L
NS N

Hironori Komaki
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Research goal

AR
Lgﬁam;fﬁﬂcneswl—;mE@tﬁﬁmmﬁ

Establishment of mass production technology of high performance CIGS solar modules

(EHHBABEDES 21— OHE CIGS/NEE L DREHE
Conversion efficiency of commercial modules Best efficiency of CIGS small cell
mc-Si* 14.4 %
HIT** 17.0 % “ N=19.9 % (0.419cm2)***
e D 5 T (= BRI TR
\ CIGS 11~1 200 % By co-evaporation (three-stage) method
(| Clesomhikm BN CRIERTABELE
' R MRS B il = Ay =
2. BEHEALN
3. Bt RE(FEER)
L 4. BRERIFHN(ILFLTILE)

_ **http://www.sanyo.co.jp/clean/solar/system/module/index.html
hitp://www.sharp.co.jp/corporate/news/080604-a.ntml «++|, Repins et. al. Prog. Photovolt, Res. Appl. 16, 2008, 235.(NREL)
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Research and development approach

CEL AN PIE,
1. BRI BB
&1 R O B
SR EIBR

Development of in-line three stage method for mass production

2. AV b(EEL) R iTRHFE
KEFEIE BT
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Process flow

£RFtb7Oo0eX

10 x 10 cm?
A_bsorber qrowth by three-stige method Mo
=EREE*CIGSHE | T |<—SLG
NyFHMBEEE g -
Eiles L Q L—F =25 ALY
Laser scribing
bstrat
i )(jj jj)[/ c%mc’(scnblng

’ FfMe-.-.ﬂeC'GS

)(jj 7‘J)llxr\??anical sc? ZnO

ec il |ng/
, B2

2E%[E CuSe&lfE
3EEME InGaSe&! &

*NREL:19.9%(0.419cm?) SEO RGBS

{ 1B InGaSe &L fE
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= Co-evaporation(three-stage) method
C I G S % Y using monitoring system*

NYF S XMBELRE T REFRDRFREDELG
_10x10 cm?EAR £ SRR A A AR (Cul(In+Ga)=1)

% _ stoichiom?try
HEH(TC) — BaLRER
heater ’:'; — adiation thermometer l/
su bs’trate# i‘i = ﬁﬁple
9] =~
2
© \/\/\
0]
(@
0E> |
il = InGaSe CuSe |nGaSe
st stage 2nd stage | 3rd stage_

BB 2ERBE  3ERPE

- EE——

Time———

HEHEEIZL B Z DB LY
t:L—'I'\ N ﬁ&(%T,mEZqu SBFEYBERERENIELND

Radiation thermometer
*K. Sakurai et. al. Prog. Photovolt: Res. Appl. 12, 2004, 219.

wufRcEA R TS ST
AIST AR ERE S F—
1~V CURVE Date : 31 M 2008
IEC60904-3 75.7 cm?(aperture area) WXS-220S-20 Dth o ax
after light soaking 100 mW/cm2,30 min SQ538AR;01
Sample No :
160 - SO538AR
—— Repeat Times : 9
140 | Y
R Isc 145.1 mA
120 [ N dis Voc 11595 "V
\ Pmax 1.205 W
\ Ipmax 129.1 mA
g e . | - Vomax 9.33 ¥
£ 7\ 5 F.F. 69.5 %
2 g0l // \\ 11y Eff(ap) 15.9 %
[ r P \\ | = DTemp. 25.0 c
H // \ ] & MTemp. 25.0 "C
o 60 / \ ] DIrr. 100.0 mW/cm2
I P4 \ ] MIrr. 100.6 mW/cm2
40 | pd 40.5
W ] Ref. Device No
// | CS102
0l P ! Cal. Val. of Ref.
A 1 129.5 [mA atl00mW/cm2]
ol v v v v v v 0 Scan Mode
0 2 4 6 8 10 12 Isc to Voc

Voltage (V) Jle’
EEARRLGEBETCHREZES DN =15.9 %(ap)ER

Efficiency of integrated module with structure that can be mass-produced
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i |nGaSe&CuSe0)%ﬂinEii7‘J\ RO 25 Bt

{iﬂﬁﬁ FleMBEFEICEEZEICHRE

30 x 30 cm2EL 4R = B R AT AE
HREL =CIGSIR (2um) D& P15 —

structure unifori

wrEEA BRI TS SRR
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Depth profiles

RS EDRESfAIE(SIMS)

. Expected band profile
W '\//
i T T T T T
m 4 Mo Formation of double-graded structure
= In — D N
e o { Ga&nlTERSAmISHof IR
8 of Ga i BINTL—T IR DB
8, Cu
>
) 5 - ‘_\' ;,,
% 10 f Se :
% Bt ;
Re) 5 - 30 = — : =
> ] WRO=EBEEEERPROFE
g 3k 't - Promising high-efficiency solar cell and module
] surface
§ T ] AVSAV=RBEET
e A EHEABEAERNRADS
10 0 0.2 0.4 0.6 0.8 1.0 1.2
Relative depth (arb. units)
CIGS/MoDTFRFATF7AILE
*8 S8 AR o= s A *T.Dullweber et. al., Sol. Energy Mater. Sol. Cells 67(2001) 145
FHREINWBNNVETL—T42T
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Unlformlty Mapping of composition

ERER T YE ST (EPMA:V,  15kV)

Ga/(In+Ga)tt

Cu/(In+Ga)tk

15 5 10 15 20 25
X (em) X (cm)

0.39 ~ 0.43 0L} 1 {010)
EELECABEMLL CHELE KRR

Imost uniform
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I-V result of small cell
INEREEIILDIVA—T
3% I I I
30 . : -

e without AR coating

€

L 25 —

<

E

> 20 Voc =0.694 V ]

@ Jsc = 32.458 mA/cm’

2 15 |FF=0.765 —

2 Eff. =17.26 % SLG

g 10 -

= - .

° s d E#ME 173 %

TOT47T LT 0.496 cm?
0 | | | ARO—RL
0.2 04 0.6 0.8
Voltage (V)
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wumaaA BRI SRR




AIST ABEARBHE S —

1-V result of submodule

HIJEDA—ILDI-VA—T

35
| | I |
3 with AR coating 10%x 10 sz%*&_tl:
- CIGSEYa—/L&{FH
L 25— —
E
=2 - PZ/f?’ dS_ n-ZnO
2 5L [vec=11286V 4 IGS
a Jsc = 30.379 mA/cm’ Al
£ FF = 0.708 Mo
S 10 |Eff=1421% -
® &k al EMPE 142 %
T IN—Fx—I)F 76.9 cm?
0 ' ' ' ' ' ARa—FHY

0 2 4 6 8 10 12
Voltage (V)

e E&WERF—LICTRE

A BRI TSR
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Summary

EETREGEEEZDDOCIGSHTED2—ILD
SANEL- AT LB ITRF
Manufacturing of high-efficiency CIGS integrated modules using in-line
deposition technology

@ SN FMTBAFE Favrication of high-sfficiency moduies
BB DREE
SR EMTFRF
l___>”r] =15.9%
@ 1254 = BFE % O B Fveveiopment of indine three stage method
KERIE BB
on=14.2% (/MEFEN=17.3 %)
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Development of high-mobility transparent conductive oxide

V)avHMEF—L  #EH 8

Novel Silicon Material Team Takashi Koida
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In?_Og:H high-mobility TCO
ﬁ?g‘*bmyxﬁwgﬁ \ 1@ = "~ Glass sub.
rf-magnetron sputtering \’g 80 AW\H
JEmE @
w/o sub. heating O 60t
&
Ar, O,, H,0 == =
£ 40
n
&
= 20
N g thickness :240nm
INE 07500 1000 1500 2000 2500
EZ RN =—IL Wavelength (nm)
post-annealing in vac. ITOY In,0.:H? In,0,:H?)
é"&g EHE ) (Qom) | 24x104 | 3.7x104 | 2.7x10%
&
solid phase crystallization BB p (cm?/Vs) 29 56 130
FyUTEE N (cm3) 9.1x1020 | 3.0x1020 | 1.8x1020
Jpn. J. Appl. Phys.46, L685 (2007).

) Sn0O, 10wt.% & 2 H~3at.%=
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Inan H Vs conventlonal TCOs

R R T T AT

T

O ITO/glass

Shigesato, APL 62, 1268 (1993). sputtering

Kamei, APL 64, 2712 (1994). sputtering

Taga, JAP 80, 978 (1996). EB

Fujiwara, PRB 71, 075109 (2005). sputtering

AZOlglass

muller, Solar Energy 77, 917 (2004). sputtering

Agashe, JAP 95, 1911 (2004). sputtering

GZOl/glass

Miyazaki, J. Non-cryst. Sol. 218, 323 (1997).
sputtering

Iwata, TSF 480-481, 199 (2005). RPD

FTO/glass

Mizuhashi, JUAP 27, 2053 (1988). APCVD

Kambe, JJAP 45, L291 (2006). APCVD

ITO epi

Tarsa, APL 62, 2332 (1993). PLD
Kamei, APL 64, 2712 (1994). sputtering
Taga, JAP 80, 978 (1996). EB

Ohta, APL 76, 2740 (2000). PLD
Kamei, TSF 392, 265 (2001). sputtering
Ohta, JAP 91,3547(2002). PLD

Koida, APL 89, 082104 (2006) PLD

B GZO epi

)

1n\203 : :
pOSt-aDnealed ............. Iiy0,:H
N

: V/as debosned
o i
Sl :

_/\Vs
(@)
O

2

cm

TR

Hall mobility (

w2
(o)

Carrier density (crﬁ?’)

advantage
high z=low N
= low free carrier abs.

disadvantage
o)
— low pITO

Kato, JCG 237-239, 538 (2002). MBE
Nakahara, JJAP 43, L180 (2004). MBE
Makino, APL 87, 022101 (2005). PLD
Sans, Super. Micro. 39, 282 (2006). PLD

mumRinA BB SR
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a-SiH/c-Si ATOESE HIT) XEEHREE?

a-Si:H/c-Si heterojunction solar cells

HITAEEMDES SNZBRYR

phpeaSi:~001 pm m § 00
Grid electrode & g ~
600 - o
/ % =
500 0§ —
'gm g 5
- 18E R
g 200 16 fﬁ
100 £
a 14
nfpeaSi:~001ym  ~001Mm 1995 1998 2001 2004 2007 2010

Year
Figure 1: Schematic diagram of a HIT solar cell

Figure 2: Sanyo’s next-generation program for HIT solar
cells and progress in conversion efficiency.
HE8 S, Taira, Y. Yoshimine, T. Baba, M. Taguchi, H. Kanno,
T. Kinoshita, H. Sakata, E. Maruyama and M. Tanaka,
Pre-print: 22nd EU-PVSEC 3-7 September, 2007 Milano, Italy
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TCOIC K BDFEFEX
optical loss caused by TCO layers in HJ solar cells

R (refractive lndex) S

A[{R ~ EFRSME k: JHERE (extinction coefficient)
visible near infrared light
.}ig-\j- ............ . reflection
Eﬂ' Wiltﬁﬂﬁ reflection
anti-reflection Iy
TCO (ITO) absorption \ k=

a-Si:H (p/i)

i - F S TCO

0
Nrco Koo
optical loss

rypoosi| VT
iiigee

Loss ApproaCh ................................................
. | texture i : .
reflection || .‘ P Al
‘Smme“mmwNQs@ﬂﬁﬁﬁﬁs
absorption 1

.............................

BUFBGEA Eﬁﬁﬁﬁi‘ﬂfﬁ?ﬁ

AIST AEEAFEEHE S F2—

SE ) = V2 "IN AY 74 j
SRF/EN p vs YRR &
electrical property vs optlcal property -
=170 = Ne / Metal N> 1022 om
resistivity mobility TCO N~ 10?°~102' cm
cdnductivity carrier density
p [Qcm] 2.6 x 10* (constant)
N [cm=] 8.x:1020 0o % 0208126 1 020
# [cm?/Vs] 30 60 120
25— T T T 0.30
20 710.25 <
s 0.20 E
e :
%é 1.5} é’
20 e’ AT 8 Pl
= 1.0r ‘ o .
© free carrier 0i8-e %ﬁqb\tﬁ'l'%
g absorption 1] calculated using the Drude model
& 08 0.056 2
%
% 400 600 800 1000 12(9000
Wavelength (nm)
wusmeA ERBR ARSI
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SBAETCOICLD
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abs. and ref. loss caused by TCO layers (calculation)

N [cm3] 8 x 10204 x 1020 2 x 1020
4 [em?/Vs] 30 60 120
ﬂﬁﬂ#
5 T 1 ¥ T TT 60 T 1 T
% S 1K€ ek , BIR TGO [70nm REHE R
decrease in absorption loss ; 50+ decrease in reflection loss/
4t 9 c—Si
c 3t Q 3 NC’(‘\ =
o ot 3 25 -0.73
4 T 20F 3
e o AR 5Ad
L ] 10} 1 .
400 660 860, 10I00 1200

400 600 800 1000 1200

Wavelength (nm) Wavelength (nm)

wuTEEA SR TR S TS AR
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In,05:H as a front electrode of a HJ solar cell

a-Si:H/c-Si NFOESEXEEN
Ag grid No text
- l .O e sputtering @R.T.
In,O;:H or ITO [72nm  sputtering @R.T. D
a-StH (p) 3nm : (3 EE?I‘\XIJ’:—)L\
a-Si:H (i) 4nm ] PECVD @130C post-annealing in vac.
@ 100~200 °C
n-type c-Si 525um p <
oy oms
N BSF [e) I12 3: ayer
° evaporation @R.T. BEGER
cell active area:0.21cm? \ BlCCtons SiSuny 5,

In,0;:H cell vs ITO cell

{ R EH#E%k: air / TCO / a-Si:H
iRk TCO

Appl. Phys. Express 1, 041501 (2008).
s R TR S TRIL AR
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external quantum efficiency & reflectance spectra_

ANEAFEEHE LS —

1.0 1.0 ¥
> QEE”D ﬂ*ﬁ”ﬁaﬁ%)
& A +0.79 increase in QE (vis.~NIR)
2D 08¢+ SC -0.8
&% (mA/cm2)N N\+2.06 " C‘D}iﬂﬂtﬂﬁﬂl&
g O 6 I | 0 6 % retlection loss 1&ﬁ
3 : : 48- @w mﬁ i reduction
c = absorption loss
S5 04 -40.4
° ©
0.2 20.2 DEFTEEK
b large n
Lu \ -~ [ ———)
0.0— 1 . 8 0 QEZ=RERE D
400 Vsoo l800h1(000)12 0 small k
avelength (nm
N (cm3) | u(cm?/Vs)
In,O5H | 1.6x1020 140 TCOEREE -EXv 7 RE
In,O4:H |3.3x1020 55 TCO with high # and low N
ITO [7.7x1020 15
s A B A S TRGTRT
AIST ABS R EHE L 5—
(=155 - — I N8 : :
ABEMEED P — — )LREKRFHT
solar cell characteristics
. R.T.
35 ,as-deposited TCO R.T.
§ 34l MR - Pipe aSiH_11 130°C werrrrsrerem, y
< 33 - cSi :
E s R 21
A
3 0-‘552 S  J.. lO:Hcell >>ITO cell
— 0:50 >8 T,2150°C:up
0.78F
L 074 V.o, FF  10:H cell ~ITO cell
* 070 . T,=50~140°C:up :
0.66 & °G: thermal
r///./. 16 = T,2150°C:down darmage
- 14 S L
N 1.54 12 o
T 4 7  10:H cell >> ITO cell
50 100 150 200
Annea"ng temperature (OC) Cell active area:0.21cm?
s A RS R T AR S RGN
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summary

@ In,0,:HE &

rf 7 RhAV R84
rf magnetron sputtering

JEMEARE
B &

w/o sub. heating post-annealing
solid phase crystallization

Jpn. J. Appl. Phys.46, L685 (2007).
J. Non-cryst.Solids 354, 2805 (2008).

@ In,0;:H | a-Si:H | c-Si KEEith

Japup (1 [QEup (I

Appl. Phys. Express 1, 041501 (2008).

RARF7 =—JL(170~2007C)

low N
high u

low optical loss

reflection
absorption

muEce A SRR TS STRZIFR
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Development of Polymer-based
Organic Solar Cells

ARERT—L

Organic Thin Film Team

WL R

Toshihiro Yamanari

s A SRR AT ST

ABEAREERE 54—

Polymer-based organic solar cells

Typical materials

Donor Acceptor
Conjugated polymer Soluble fullerene
P3HT (regioregular) PCBM

mumro A EERE TR SRR
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Objectives

» Development of high-efficiency cells
v Efficiency >5% (Cell area: 1 cm?)

« Development of high-stability cells

v'Elucidation of the factor of the deterioration by
analysis of the deterioration characteristic of
the high efficiency cells.

v'Relative efficiency decrease less than 10% in
50 hours under successive light irradiation.

wosEse A EERR AT ST PR
AIST ABERBEAE L 5—
Development of high efficiency polymer cells
(last year)
£ l S}F
2 E 'CBM
N
:s,)’ N [60]PCBM [70]PCBM
-190,;_—_0.0 0.2 04 0.6 0.8 Jsc /mA cm? 8.46 9.31 T
g Voltage [V] Voc !V 0.64 0.65
110_ FF 0.66 0.63
N PCE /% 3.6 BB

IPCE (norm.)
o
o

Efficiency : 3.8%

. 2
m i Small area : 0.04cm
0'9:00 250 500 55 600 650 700 ! . ﬂ
Wavelength [nm] Fabrication of large-area (1cm?) cell
s A SRR T SRR
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Fabrication of large-area(1cm?) polymer OSCs

— e~

IT0
[ Glass substrate

LB

-2

Jgc = 9.68 mA cm-?
Voc=0.62V
0 FF = 0.64

Current density / mA cm

10k

1ol —S— Light *
—4— Dark AM 1.5 G, 100 mW/cm?
| J PCE =3.8% @ 1cm?
0.0 0?5 1

-1.0 05
Voltage / V

e RS SR

Laser-Beam-Induced Current (LBIC)
Measurement

He-Ne Laser (633nm)
Bl-—4 &

ND filter

Collective lens

Beam diameter: 0.1mm¢

Light power: <100mW/cm?
=H
AMP

Multimeter

X-Y stage

4
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2D image of photocurrent of P3HT:PCBM cell

Y position / mm
Current(Rel.)
Photocurrent (rel.)

X position / mm Y position / mm

Stripe-form deflection of photocurrent The maximum value of the photocurrent
was observed. was 1.4-fold higher than the average.
— Ununiformity of organic layer = [Jge X1.4] X Voo X FF

(buffer layer or photovoltaic layer) —— Efficiency 3.8% X 1.4 =5.3%

(small area)
musEaA R TR STRILPR
AIST ABEHEEHAE L F—

Lifetime test

Source meter

AM 1.5 G, 100 mW/cm?

waRseA BRI AT ST
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1. Lifetime test in N, atmosphere
Variation of photovoltaic parameters

_ : 12
g
€ 108 2 Light - Before the test
o Dark - Before 1.0F
< - - - - Light - After 3
E Dark - After S 08
> el
a2 >
% 0—m 2 o6}
S ©
= O 04F
o ey o
5 oo eaoRsECaHE Re danE Y 02f
O ol
e el G, 00l A A i i .
-1.0 -0.8 -06 -04 -02 0.0 02 04 0.6 0.8 0 10 20 30 40 50
Voltage [V] Time [hour]

PCE decreased to about 40% in 50 hours.
Voc and FF were remarkably decreased, and the decrease of Jg. was slight.

Leakage current at negative bias in dark was not increased.
— The critical damage of device oneself may not be caused.

muFRcs A EER R M SRS
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1. Lifetime test in N, atmosphere
Recovery of performance by thermal annealing
o ¥ T . .
e —Beiore e By re-annealing after the lifetime test, the
w— After the tes! % . - .
L s5p| ——Ameaing photovoltaic characteristics recovered to their
2 initial values.
s i The shape of IPCE spectrum was not changed.
5 .l — Organic molecules was not degraded.
3 — The accumulation of the trapped carrier may
1 P s result in decrease of cell performance.
-04 -02 00 0.2 0.4 0.6 0.8
Voltage [V]
70 1.2
—a— Before the test —A— Before the test
60 BN —e— After the test —~ 1.0 1Tt —eo— After the test
r‘f\. —o— Annealing '8 _f “:A‘ —o— Annealing
= A Hos f"“"" %
2 » o k.
L 4 ;."7 i\ § 0.6 ,4{ 3
g % | ' T
B 2011 \ & o / X“
1 i a
of % normalize £ i 1‘
gOO 460 560 660 (;OJO 800~~§001000 0'1(5}00 460 560 660 ;4568009001000
Wavelength [nm] Wavelength [nm]
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2D image of photocurrent of P3HT:PCBM cell

Y position / mm
Current(Rel.)
Photocurrent (rel.)

X position / mm Y position / mm

Stripe-form deflection of photocurrent The maximum value of the photocurrent
was observed. was 1.4-fold higher than the average.

= Ununiformity of organic layer = [Jgc X1.4] X Vo X FF
(buffer layer or photovoltaic layer) —— Efficiency 3.8% X 1.4 = 5.3%
(small area)
PG eIV £aL i 2=t AT ]
AIST AEAREHE 54—

Lifetime test

Testing condition \
» AM1.5G, 100 mW/cm?
» Open circuit (except for measuring J-V curves)
> 50 hours
> In Nill capsule or In Air
> 30700 4

X Initial Vefﬁciency of sample cells:>3%

\

4

Source meter

AM 1.5 G, 100 mW/cm?

mnsEsaA EESR AT AR
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1. Lifetime test in N, atmosphere
Variation of photovoltaic parameters

E ! 1.2
&
5 s - - - - Light - Before the test
= Dark - Before ol
- - -« Light - After g
g‘ Dark - After 8 ol
> 2 5
£ >
5 )
c 0 o
: K
-
D O 04
g 14
3 --':::::::::::::ZZ ........ ool
O qof*"
L ' L L s L L 0.0 " i ] : ?
1.0 0.8 -06 -04 -02 0.0 02 04 06 08 0 10 20 30 40 50
Voltage [V] .

PCE decreased to about 40% in 50 hours.
V¢ and FF were remarkably decreased, and the decrease of Jg was slight.

Leakage current at negative bias in dark was not increased.
— The critical damage of device oneself may not be caused.

RN BRI o S T ZL T
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1. Lifetime test in N, atmosphere
Recovery of performance by thermal annealing

o

I

N —eetore e s By re-annealing after the lifetime test, the
= = After the test . . . .
T 5 [ ——Ameang photovoltaic characteristics recovered to their
2 initial values.
1]
s 0 The shape of IPCE spectrum was not changed.
gl — Organic molecules was not degraded.
3 — The accumulation of the trapped carrier may
Y S - result in decrease of cell performance.
04 -02 00 02 0.4 0.6 0.8
Voltage [V]
70 1.2
—— Before the test —A— Before the test
60 DI —e— After the test ~ 1.0 S —e— After the test
"/\Q‘ —o— Annealing 8 1{' ""e‘ —— Annealing
=™ r‘/\ Nog X
= ¥ \ g - 3
8 - F‘? \ % 0.6 nf ?
< V|
g | m) i
21 \ normalize & | !
1off ;s ~ 02f 11
R e el 1 3 N
gOO 460 500 600 700 800 900 1000 0gOO 400 500 600 700 800 900 1000
Wavelength [nm] Wavelength [nm]
wuaRes A SRR M ETHZR
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2. Lifetime test in ambient air
Variation of photovoltaic parameters

T 1.2
NE 0 ... Light - Before the test b 1ol
= Dark - Before ; o
2 - - - - Light - After o)
.g. Dark - After % 08l
Z g
2 0 g 06k
N -—
@®
© s ©
5 i 8 045 Air N
E) 4 o Jeo ° —
3 pf LI o —
3 | R 02| Ve
O of P —
L L . L L L L 0.0 T T i . :
-1.0 -0.8 -06 04 -02 00 02 04 06 038 0 10 20 30 40 50
Voltage [V] Time [hour]

The decrease of Jg was accelerated in comparison with the test in N, atmosphere.

wuRos A EESR TR TR S TRZLFR
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2. Lifetime test in ambient air
Recovery of cell performance

10
€ —— sefoe e s By thermal annealing, V. was completely restored,
e After the test
< ——Annealing but Jg; and FF was not restored so much.
2z The shape of IPCE spectrum was not changed.
2 o0 .
S ___/ — Organic molecules was not degraded.
8 — Oxidation of Al electrode?
3 — Degradation of buffer layer (PEDOT:PSS)?
0 54 0z 00 02 04 06 08
Voltage [V]
70 1.2
—A— Before the test —A— Before the test
—e— After the test ~ 1.0 Pazas —e— After the test
—o— Annealing k- s ) —o— Annealing
o8t AN ,’,‘
£ ol Z i
o 0.6
) < i
w04
A 1
normalized & i
5
L L n L et e
800 400 500 600 700 800 00 1000 ®$00 400 500 600 700 800 00 1000
Wavelength [nm] Wavelength [nm]
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2. Lifetime test in ambient air
LBIC images before and after the test

Before the lifetime test
10 — —

curent After the lifetime test
urren! 10 e
(Rel.) | % S e TR
,

.0

Current
(Rel.)

0.8

Y position / mm

Y position / mm

X position / mm X position / mm

—— Before the test
= After the test

The low photocurrent parts were
appeared in the shape of spots.

Current density [mA/cr]
I

0.0 02 04 06
Voltage [V]

mumcA SRR TSR
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2. Lifetime test in ambient air

LBIC images after the test and after the
thermal annealing

After the lifetime test After thermal annealing

10 T

Current
(Rel.)

Current
(Rel.)
1.0

Y position / mm
Y position / mm

X position / mm

The spot-shape deteriorations of the cell
were not restored by the thermal annealing.
— Irreversible deterioration

Current density [mA/cn]

0.0 0.2 04 06
Voltage [V]

sy EERE T ST
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Change of the LBIC image in dark/air condition

A fresh cell Stored in dark/air

Y position / mm
Y position / mm

8

X position / mm X position / mm
T I J a ;
S ‘—J:—f—hT——j / The spot-form deteriorations were also
£ T observed in the cell stored in dark/air.
8 S » Light-independent deterioration
5 |t
3 Jgc was remarkably decreased, although the
00 o0z 04 o6 decrease of V. and FF were not observed.
Voltage [V]

» Decrease of cell area

T YNk Sad (i =T ]

Mechanism of the deterioration of P3HT:PCBM cells
/S

chematic image of the Iight-\

independent irreversible
> Light-dependent reversible deterioration deterioration

O Decreasing all parameters (Jg¢, Ve, FF)
® Trapping sites in the photovoltaic
layer? Oxygen? Water?

Two independent factors for the deterioration

> Light-independent irreversible deterioration
O Decreasing only Jg
O And appearing in the shape of spots
® Oxygen and water which invaded the
organic layer may oxidize Al
electrode?
» Sealing may prevent this deterioration.

mumEssA IR TS STRFUAR




Summary

» We achieved a PCE of 3.8% in the large-area
(1cm?) P3HT:[70]PCBM cell.

» Stripe-form deflection of photocurrent were

observed in our large-area cells by LBIC
measurement.

» Two independent factors for the deterioration
® Light-dependent reversible deterioration
O Decreasing Jgc, Ve, FF — Carrier trapping

® Light-independent irreversible deterioration
O Decreasing Jg: — Oxidation Al electrode

This work was supported by the New Energy and Industrial Technology Development
Organization (NEDO) under the Ministry of Economy, Trade, and Industry (MET]).
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Development of thin film silicon multijunction solar cells

JUaAVEHMBTF—L WmHF BX

Novel Silicon Material Team  Takuya Matsui

outline

1. ARER

Research background

2. ZEEILIZAT RS, Ge F O—F vy T ABEH DS

uc-Si,,Ge,:H as narrow gap absorber for multijunction solar cells

3. TEILIF7ASI/HiEMASI, Ce, 2EAKRBEEM

a-Si:H/pc-Si; ,Ge,:H double junction solar cells

4. PEILIT7ASI/ MiE@ESI MiEES, Ge, SEEKRBEM
a-Si:H/pc-Si:H/uc-Si, ,Ge,:H triple junction solar cells

5. F&H

Summary

wusms A ERBATE QRN

AIST N B e e

11. AEEE

Research background

FELTFAS HIEES 2paxpEn G 0oSiH) >> d@Sih)
a-Si:H/uc-Si:H double junction solar cell F10BEDES!
’ pc-Si:H is 10 times thicker than a-Si:H

T IR S R

High-rate deposition technique

VHF-&E#& 75X <CVD
VHF & high-pressure depletion plasma CVD

(2-3 nm/s@~10 Torr)
T I\’“‘~,’ T s e Ej,%10 nm/S”"_‘_"""

wuc-Si:H

[0]
g s SOESEE-FEX vy TEIE
% Extremely high pressure and narrow gap
B . X
3 s KEFIENABZ T
& Not feasible for large area deposition
200 600 800 1000 B ZED/INT—EBANNKE
Wavelength (nm) Huge power consumption
miiee A ERE AT SRR
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1-2. 7EILI7ASi/ MiEERSi,  Ge, 2EAXKGEMDIRE

a-Si:H/pc-SiyGe,:H double junction solar cell

24 (double junction) RELEZILDEBRIENEE

Bottom cell should be made as thin as possible

wuc-Si:H
~2 um

puc-Si:H
a
pc-Si, ,Ge,:H

O ARINBRE DK

Enhancement of IR absorption

- B IR B 0D S e

Short deposition time

KEERAEL | g

I by
}ﬁEﬁJ)ﬁ Industrially advantageous
Significant thickness
reduction DIEWNVERRLUR

Less film stress

—>ILXLTILEIL~DEH

Applicable to flexible solar cells

wuiTEcEA BRI RS S BT A
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1-3. 7EILIT7 ARSI/ MiEmSI WiEsmSi, ,Ge, SEEKRBGENDIRE
a-Si:H/pc-Si:H/pc-Siy_Ge,:H ftriple junction solar cell

3$E A (triple junction) a-Si*H pc-SiH
a-Si:H pc-Si:H pc-SiyGe,:H %7*%®Eﬁ?§%h§j§%<

P Sy B el
Efficiency is limited by the weak
infrared-light absorption

. |

pe-Si,,Ge,:H

Fa—FyyvTRrLRIVIZES

LT ARIMIVBEDLEHEL

,f'/ Y /‘{‘ ; i e Wider spectral sensitivity by incorporating

Jymeld o) iy L om narrower band-gap bottom cell

2R -3BEBICLSIEHE
it

HE:n=15%

Spectral response
=
o
[}
ZE

S
Liraal

400 600 800 1000 1200 1400
Wavelength (nm)

N T i junction structure
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2-1. BEE IR - MEERSI, . Ge, T A—F vy T KIGEMDRF

nc-SiyGe,:H as narrow gap absorber for multijunction solar cells

T&ﬂi’,%‘,*@ grounded electrode {‘1055 L i T /’ i
< 2 - e ' a-Si:H 1
. Ewrw, 13 | g
I |
s i 2 o | HorSig GegH |
e '
I REE o
powered electrode S
SiH,/GeH,/H, =
S G 8
deposition condition L210° F 3
System PECVD (100 MHz) < A A
Substrate temp. 200 °C 13 20 &8
Photon energy (eV)

Discharge power 30 W
2R R THERSIKYLREVRIRZRE

Pressure 1.5 Torr Larger absorption coefficients than pc-Si:H over the
SiH, flow rate 5.4 sccm wilolespoeiral Fngs
GeH,flowrate  0-0.28 sccm Ge#fl%20% Ta~1.5(F
H, flow rate 300 sccm @1.7eV (A=720 nm)

wuirros A EE SRR TR S TSR
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2-2. MEESSI,, Ce MEARBEH (L4 LE)

pc-SiyGe,:H single junction solar cells

AM1.5, 100 mW/cm? uc-Si:H
Xe-W 23RV —5—3ab—4— AR(TiO/Zn0O)
AM1.5  glass ch\ 1.0 um ZnO/Ag

red filter ,0% I %nge
A>620 nm \

a I‘ ZSEHE (illumination area) 1 cm?

A

>

' pc-Si, Ge H
(x: 0-0.2)

2 I-VI5E (I-V measurement under AM1.5 or red-filtered illumination)
B S RREERIE (spectral response measurement)
B FLIEHER (degradation test)

mrsEsEA B TR SRS
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2-3. t#EERSI, Ge, 2T LI
Device performance of pc-Si;_,Ge,:H single junction solar cells
<EFHERRIRL> <k HILHB>
1-0_' LENE S U S PR (N S SRS N LI S L. F RO A2 | xR TR L N E SR
5 b pc-S|1_XGeX:H: (E\ 1_2:— . E
C By 1 ] F pc-Siy sGeg ,H 3
5 08¢E SN0 12 O“m: 0 108 i
S I / RN S0 =Lt
= 06 F N\ ' . o 08F
o C AN 0.20 o :
& [ W\ g 0.6 B
e )\\\ E . E
c & N W\ b 04 F
S ok peStR NI ] - AM1.5, 125 mW/em?,
T x=0) 2.0 pm” N ] S 02F 48 °C, open-circuit 3
- . g L 4
OAO-' P I R LN U S S .\l\.\.‘ oocL T | P | O
400 600 800 1000 100 10! 10? 108
Wavelength (nm) Exposure time (h)
B x~0.2FE THIMVEE BRI KX (n=6.33% at x=0.2)
Monotonic increase of IR response with Ge incorporation up to x~0.2.
B x>0.1CEE2&NDuc-Si:HE L[5 FiBE
IR response larger than double-thickness pc-Si:H when x>0.1.
s Ehi-tRE ,
Excellent stability upon prolonged light soaking. Matsui et al., APEX 1, 031501 (2008)
muEseA EERIE TS TSR

AIST ABEEREEHR L F—

2-4. WFEERSI,Ge, YU LEILEEE — FOALBEHT —

Device performance of pc-Siy,Ge,:H single junction solar cells — IR illumination —

g 15 AL L B LN S NN L (L ETy [T BF BT T 0.6
~ L ] Si
E DN L
of = B0 3l 1pas
e L o
e i F ./.\.\. 103>
< 5[ h Siy sGey,
L 1 | ] 1 : l 1 1 1 ] 0.2
T I'S'i'l T i T Sil"vw" T )
07} o 1 F 0 ST . FR—
85 e 8 o T e 0.6%
L 06} ./'\\. 1F /j.\. 12 &
. " N
05| S'o.aGeo.z 1 F s'o.aGeo.z 11
red filter
ac kg 1 i L 1 1 1 1 1
1>620nm 04 0

00 05 10 15 20 00 05 10 15 20
AM1.5 i layer thickness (um)

s Siy §G€(,~0.7 umTSi~2 pmAE & D
= ﬁpé Ge -0, ~20% %";G VAN, (RE1S)

1/3 thinner is possible by replacing pc-Si:H
with pe-Si, ;Geg ,:H

0.5-2.0 um
R EESR R TS SRR
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3. 7EILT7RSI/M#ERSI, Ge, 2ARBER (40T LE)

a-Si:H/pc-Siy_Ge,:H double junction solar cells

#c-Sig gGeg 'H

AR(Ti0,/Zn0)
AR Sno a-Si:H
(TiO/Si—Oz)gl\ss%. 25.0.3 um 0.7-0.9 um ZNO/Ag

S ;
Q =k i ir O]
1.0 | R R e L B BT & E
= _ 512 a-Si:Hlpc-Siy ;Ge, ,:H
S osk nc-Sig 4Geg ,:H (0.9 um)] 2 10 £ (0.310.7um)
g 13.7 mAlcm? é
£ o6l ] > 8F
F k%) F . 2
[ E J.. 1 11.7 mA/cm
§ sk [esiH ue-SicH i S 6F v ey
€ (2.0 pm) 1 .8 ak o
& > = 4F FF : 0.688
S ook 12.3 mA/cm E % F ) =
G 22 Py n :10.8%
F =] s
oot Ay AERIan OO'
400 600 800 1000 00 02 04 06 08 10 12 14
Wavelength (nm) Voltage (V)

EE2EDMIERSIEYE O IRINERE

Higher IR response than double-thickness pc-Si:H
=B IVEEFI 1 um TEIEAZE %) 3210.8% % E /L
n;,=10.8% with a total absorber thickness of ~1 pm

muRos A SRR TS RZ AR

ABELERERR 57—
4. a-Si:H/uc-Si:H/uc-Siy ,Ge H S KEEM (FTILEL T LE)
a-Si:H/pc-Si:H/uc-Siy ,Ge:H triple junction solar cells

puc-Si:H uc-Sip gGeg »:H
2.5 um 1.8um  znO/Ag
>
Py o
“E i 1.0
c1of = e L total 27.8 mA/cm?
< L} ] 2 08faSiH -7 T~ N
E 8¢ b KD C 8.8 -
- BF o N .
= 6k A ] % 0.6 \le-SIO.SGeO.ZZH
% - J.. 1 8.5 mA/lcm ] c
T 4 :— Voc: 1.74V —: 2 0.4
= FF : 0.662 E I
g 2k n :9.8% - 8 0.2 -
=] L
O 0'....l....l..“l....l....|....|....|....|....‘ 0.0 LN T
0.0 02 04 06 08 10 12 14 16 1.8 ; 400 600 800 1000
Voltage (V) Wavelength (nm)

WikE RSy sGeg N LEIVICRDE RN EEL ~EREILEER 27.8mA/cm?

IR response is enhanced markedly by incorporating pc-Sij ;Ge, ,:H bottom cell —total current :27.8mA/cm?

wusREA R AT STRAR
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5. F&o

Summary

B GeiBEE20 at.% DS RSIGe VT LI TEHENZ6.3%%F =
L. LI ERSTENEEREELT,

A 6.3% efficient pc-Sij gGeg ,:H single junction solar cell is obtained, exhibiting
excellent stability upon prolonged light soaking.

B iR Sy sCGeo, (0.7 um) TESMEDMIERSISH LT RN
EAEohD,
The 0.7-pm-thick pc-Siy §Gey ,:H solar cell provides infrared sensitivities as high
as those for three-times-thicker uc-Si:H solar cell.

B F—SLEREHIS/OV DT EILIT 7RSI/ RS, ;Gey 2
T L)L THEI%hE10.8%Z =L 1=,

An initial efficiency of 10.8% is demonstrated using an a-Si:H/pc-S, ;Ge, »:H
double junction structure with a total absorber thickness of ~1 um.

B fEE&SI, Ge , R AEILELI=M) T ILAL T LEIVEESRIL .,
EXtILLER~28 mAlcm? LHEIZIEE.8%EF B 1=,

A triple junction solar cell is fabricated by incorporating pc-S, sGe, ,:H bottom
cell, yielding ~28 mA/cm? total photocurrent density and 9.8% initial efficiency.

numrcA SRR TS SRS
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BERERV)IVKEENDEHESE
Development of thin-crystalline silicon solar cells

EwRIJITF—L =iE 35 i

crystalline silicon team Hidetaka Takato

HME

1. RV F—LIZE TS5 ILDERIEA~DERYHEA
2. BRSO OESETOEADKET

3. FSARLARSAIYF I DTORA~DER

4. FESH

Rz SRR AT SRR
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BRI F—LTHERShE=XEE

Solar cells fabricated in crystalline silicon team

)
[ Single-crystalline] l200 L 1)y

(56X5¢cm, 2X2cm)
[ Poly-crystalline ] 120 PmJ'—[mO um]

(2X2cm) RHERAE
Commercial cells
= = I

200 150 100

Cell thickness (um)

wyRssA ERR TS STRIUAR
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BENGELERTOER
Standard cell fabrication process in our team
EIERTOER 2emBOEHE) "THEROE
cell fabrication process feature in our process
\ 1) BEEBERL
1. FA—DBITYFUY high-speed co-firing by RTP
2T GRF =T IF ]
3. VAR ———————
4. SINJER B 800 |- ]
5. BHERZAL (RAQ,TRAl RV —ENRI)
6. Tl [ & B BE AL G 600} 2
7. 2cmAEILICTIYHL(FAP 2T Y—) 2
$ 400l ]
g
=
200 L i
-m
0 20 40 60 80 100 120

Time (s)

2) ISAIVARGATYF Uk B IHE LR
Edge-isolation with plasmaless dry etching

mEsA R AT S TR
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B350 umEFESE Va3 wILOEYE

Performance of 150 1 m-thick poly-crystalline cell

|-V characteristics Internal quantum efficiency
40 T T T T T T
30 J ]
by
s ] 3
o o B
=B 1§
e £ ]
@ - p=3
10 1 G ]
| 02| ]
0007 o2 03 04 05 0 ol o o 1 N
TN : e P 400 500 600 700 800 900 100011001200
Vex (V) Wavelength (nm)
Jsc 32.8mA/cm?2 FF 0.768
Voc 607mV Eff 15.3 % * TORFY—IVFT7L
Area 4dom2 (HF/HNO3IZ &5 A—CBITYFDH)
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Fabrication of 150 i m-thick poly-crystalline cell

I-V characteristics B DB IR DIREE (5emX5cm )
35 . e Substrate after firing
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Comparison of performance of thin-crystalline cells

ER L OBHED FLLWRETIVRAFv—HEDRE
Comparison of Voc and Jsc of Novel surface texturing method

thin-crystalline silicon cells TSARLVARSGATYFUT +A2IVRRY
Plasmaless dry etching + metal mask
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A novel edge-isolation with plasmaless dry etching

SERER I EL-HRedge-isolation A iED &St
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fEMAR XeFz, (CIF3) |-V characteristics
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The effects of edge-isolation using plasmaless dry etching method

Relationship of Rs and Rsh with Relationship of Voc and FF with

Etching time (s) Etching time (s)
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FEH

Conclusion

-EED

NIER AV F—LIZB TR EILORETOLRITDON TR,
Cell fabrication process in our team was described.

2)EE100 u mDEILEERL, EAWEEILOTOEREFRFEL=,
Fundamental cell fabrication process for 100 1 m-thick silicon solar cells was developed.

VHHEDTIRFry—HikE., edge-isolation AEEFFELT -,
New surface texturing and edge-isolation method were developed.

SBROFE

{EZ100 u mLARILDER DIV EILOEDEIEER D,
We will develop high-efficient 100 ¢ m-thick silicon solar cells.
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a-SiO:H/c-Si B ERATOIES KB EM

a-SiO:H/c-Si ultra-thin heterojunction solar cells

AR TF—L
BRRZ. & FE M, TEEEE

#BLEB(Outline)

1. SIR~NTOEEKBGES
Si-based heterojunction solar cell

2. MEANTAEERa-SIO:H/c-SiKIEE;
Double-heterostructured a-SiO:H/c-Si solar cells

3. F&H

Summary

sy A BE SR e e AR S P

AIST ABEAERERRE 57—

a-Si:H/lc-Si~TOES

1) BT =E 0
(ZEEH22.3%)
2)ET Ot REBE
3)ELNE ERY

RARE M

Ref. Fujiwara et al. APL 90 (2007) 013503
B Cfriciency
| o 14%

O 15%

=m s S MErfH 71
TATAREICIE
BE v LB

| R

rf power density (mW/cm?)

I < epi-Si 0
50 100 150 200 250

Growth temperature (°C)
S ANTORETOIERX Vv ILERICKDKIELEEIEET

Efficiency reduces severely by epitaxial growth at heterointerface
murRosA R MRS TRZLAT
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a-SiIO:HR~ATOES KB E i

a-Si0:H-based heterojunction solar cells

Ref. Fujiwara et al. APL 91 (2007) 133508.

[Ad]
ER ETOIESF D v )L RN lige
=) (KX vy TS Ha-SiO:H p-ifE a-Si:H p-layer | Effi.=15.8%
a-Si:H i-layer | V =626 mV
1) BOERE T S Y TS
2) TE 2% v LEE DS i e
"HRREFHOBHEHEM Al

EVNERME
SEVEESEOKIGENZE

BHI/EH ARE

High efficiency solar cell can be

fabricated more easily

a-SiO:H p-layer
a-SiO:H i-layer

Effi.=16.0%
V, =625 mV
NE ¢-Si (n) FF=0.77
e J_=33.4 mA/cm?
1) n,pREHRIZ & SHa-SiO:H/c-Si
2) MEANTOEERKEGE
ZES

Al

s\ EE R TR S TRZLRR
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a-SiO:H/c-Si kB EMDIESR! Fabrication of a-SiO:H/c-Si
Growth Conditions [Ag]
ITO
PECVD
OJ=7 at.% PR A E g 30 A
Substrate temp.:  180°C fOL P
rf power: 13 mW/cm ' .
Pressure: 50 mTorr c-Si (n)
i-layer:
[CO,J[SiH,] = 0.2 ([O]=4 at.%) S
p-layer:
[CO,J[SiH,] = 0.4 ([O]=7 at.%) @I
S (17t [ETRERETE 0
n_layér: ! [O]=4 at.% | a-Si0:H i-layer | 40 A
[CO,J[SiH,] = 0.4 ([O]=7 at.%) e-Si (p)
[PH,]/[SiH,] = 0.05
[HJ[SiH,] = 12 A
misrce A BN TES STRLPR
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nE B LU pE EiFZE AL V-a-Si0:Hlc-SinTOESXBE
a-SiO:H/c-Si heterojunction solar cells on n- and p-type substrates
40 T I T I T I
= a-SiO:H/c-Si a-SiO:H(p-i)/c-Si(n):0.5 Qcm
% - & : Effi.=16.0%
] V, =625 mV
< 30 FF=0.77
E i J=33.4 mA/cm?
z [Ag]
® 20
L SO a-8i0:H(n-i)/c-Si(p):0.5 Qcm
z i a-SiO:H (i) Effi.=14.8%
o | V=620 mV
£ d0fF | esiom FF=0.75
(&) i R J=31.8 mA/cm?
0 R #:#8a-SiO:H(n-i) B [£pEc-Sil=
= . =l [=] p:I:C'S”\
0.0 0.2 0.4 0.6 e
Voltage (V) a-SiO:H (n-i) layers are effective
also for p-type c-Si
wummA ERR TR STRA
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a-SiO:HAE~NTOEER KB Eith

a-SiO:H double-heterostructured solar cells

V,.=643 mV V=656 mV
I 1 J=83.1 mA/cm2 Js=35.6 mA/cm?
00 IOl B MR e ) PP T FF=0.76 FF=0.75

400 600 800 1000 1200

Wavelength (nm) BSFHIRICEYRE17.5%
a-SIO:HEDTEEANTAEERKBEM =  Effi.=17.5% by BSF effect
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a-SiO:H(p-i)/c-Si(n)/a-SiO:H(i-n)

T ¥ T L] T 700 3 T ¥ T Y 1 L 1 T A
18| o E <
s E 650 - » _
X I ] >g 600 -
> 16| y 550 | .
g | i 1 " 1 N 1 n 1 " 1 " 1
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2 14} .
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12 | . 0.65 - .
. i 3 ; . a i 1 1 1 N 1 1 1
0 100 200 300 T %6 ]
. = o 35+ °® 8
c-Si substrate thickness (um) < I ]
é 34 ® -
HIFSSIERDESEELTS —hosE b . . =l

EFFB KU I NMELED 50 100 150 200 250 300
FF and Jg reduce with

reducing substrate thickness sansibatiatetickness (jim)

wumosh ERRATHRGTRZMR
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ABE R (54um) a-SiO:H/c-SiFEATOE &R KB Eith

Ultra-thin (54pm) a-SiO:H/c-Si double-heterostructured solar cells

= 40 ST SR S AL IO
£ /— pm ce /— pm ce - 5 i
< S 08
£ %l 1€
2 [54umcell @=121%) E 06 ,
3 20| i | 2
S S 04 o
€ =
gt 1 € o2 1
=3 @
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ol — - - & 0.0 ' ‘ . :
00 02 04 06 400 600 800 1000 1200

Voltage (V) Wavelength (nm)

a-SIO:HEZRAW., AEATOEERLLTEHHATELENS4 MO KXKIBEELE
ERIL ., TERIMFE12%FFT-.

Using a-SiO:H, the thinnest heterojunction solar cell (54pm) was realized with 12 % efficiency
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F&H Summary

Ag

ITO

a-SiO:H i-layer

a-SiO:H p-layer

c-Si (n)

a-SiO:H i-layer

ITO

a-SiO:H n-layer

Al

1) a-SiO:H ZnE®E B LUpRic-SiERITEAL
FATOESEKRBGERENO TERLT-.
a-SiO:H layers were applied for n- and p-type
c-Si to realize heterojunction.

2) a-SiO:H p-iB&Ui-nBIZKYER SN Sl
ENTOEERKEENZESRL. BSFH
RICKYEEMIRN7.5%%FT-.

In double-heterostructured solar cells, 17.5%
efficiency was obtained.

3) CSIEMDESEET DL, J BLUFF
AEADL, ERMENMET TS,
With reducing substrate thickness, J ., and FF
and resulting efficiency decrease.

4) ES54 imOBEANTOEER KB ENE
ERIL. M TA2%ZEHFT-.

a-SiO:H/c-Si solar cell with 54 pm was made.
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FESHIB M DOTREFE

Energy Rating of Photovoltaic Modules

S-S R T LTF— L
K& R

Keniji Otani
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FEETFEHKEIE “What's Energy Rating?”
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140 A METEE 100 A HETE(E
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An Example of Mapping Energy Ratings

— BARZMIZBITAEMBEEE —
EDa—ILA
CWEEOLH. BEXT. FERE FLR
- ;&Etﬁ%if:(i%—‘r‘)bﬁ% 1500 h
-JYFILES ' S
| JP1|JP2 JP3 |

. @ mn |6.00]6.52 550

@ BY [229]154 082

HIR
1400 h
* Kk
AR
1 300
wirmEcEA e M FS ST AT
AIST ABAHEBHAE I F—

s REETKRARD-ODELERES (R)EFEFFELED,

c KBEBHES1—ILOBRNBIESYUROE VEERE N ERFiTiRE
BESHURAE IWGEDHFEIZEYEREL ., &8 (5A—H)IC
BWTT—2ZEmEL-,

. 7rb/|~|:u: %Eﬁth‘o%%hf—%mm XBE—F-EXBE—FIx

95% H ﬁ?“%a#ﬁzenh%iﬂ%um&r#(EE’ELTIM%)

- 1E‘—*fF'aEHlE®H’E”&$* PIZFDHEEREDEFEELREVNDH ., E—FD
B fRREZE LT O RELNHD
« HABHFHEFEIC, TN/ RABOMEENAHOIBNEE—FERTET
2EHOERERELT, AR EHBERBORMEZEELT -, K
RED (if:liAPE) (&, R - RIEZICEST DA BHEDEEET
i 2DIZBLI-TERTH S,
« [RE—FDOFHEIS (iE%ﬂﬁﬁF&E/J —JUREOEBIED RS

#HALTREESHZHET S, EHREEEL. STIER. 2XK(
E-E2)D6E—FDERMNOHETET S,

wusEEA BRSSP
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KEEMBDI —HE )T+ ETB
Technology and Standards:

PV Traceability

nn ERFER OMERET —& D
(EREME DR

MEELE: BFE—
Sanekazu IGARI

i A RS TRZRR

MREEREND Theme

s \L—YEUTAB AR R & D
-GEBEDIEK. REDFEHSDIER

- Ef2E S Intercomparison

S EREMBEEDHERELE

- £ #E{k Standarization

- IEC / JIS [REDERL - T R IR
- X B8FFE Joint Research

EXRAFmEEDRRE

xxxxxx BRI ETRST AR
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fL—HEYTa &Il
EREENDICEEERL.

D HREFEEDKRETFE

@ T—ADEEMERMITEERGFE
ELT. KEBARETH, TOHEANEE
KEOFEMBEAFKICRIETROEFERERIC

ImEFL., AFEIBSERNKLGERDREMRHEARE
HHELTEASh, —RICDHLNTE =,

oA BRI STHRR

AIST ABEREHE L 2—

3 EE(W/m2/nm)

Eﬁij&@%}ﬂl Reference PV Devices

Fo—HEYTs DB 1E#EST Transfer standard
HEEKBEMEIL

300 500 700 900 1100 1300 1500 1700
R R(hm)

EARLBHARXO D ABABEIAOT—BEHLE

oA R TS
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BEADKEE MDD —YE) T Traceability in JAPAN

[ SIEfI %R } IEC 60904-4
I
l g
Spectral
Irradiance
Scale

SI NMIJ
Radiometric ‘_’"’ 3

Radiometric

Reference Scale e

ISO 9000s

R HE SR BIE
WS ET BIEEE .
AISTRCPV  ___ [ERE R e
ISO/IEC 17025 > {ésc L; gg éf;)_z l: REEES— )"l |
HEWR 5 I XE:’E.{Z J
== ? y1% JIS C 8911, JIS C 8931
JEMA JET jpcpppy { £ _._L.__._ JUSBEE ' JIS C 8990, JIS C 8991
—n—% <=1 [ pEEE

- e

pufrzA ERR TSI

AIST AEAEREHRR L Z—

Calibration performance of AIST RCPV: WPVS Qualified Lab

AN EW{EMN“Key Comparison Value”

PG CINEE S5 3Tk =Y AT
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HER-RE#EOEREEZRIIOnITS LA Laboratory Accreditation

ILAC
BRSBTS b T : :
APII_AC —RELEKBEND
i : BIEIZDOWT, EEHE
TIOTAREHRERMR —oe ik
/'?ﬂﬁ!ﬁ%ﬁ#ﬁ : HEEGIJOoy5LIZ&
Iy ' Y. ISO/IEC170257
IA Japan *EET%E*EIEE
(ASNITE) iwmf-L. TDREA L H
' ISO/IEC17025 BEVSEXGE=F
& D ! EHEE2008450 1
SEOREHE 6RIER,
| AsNITE 0021C |—1

AIST *;EIEEiEﬂﬂg %G)KIE#% __U
“One Stop Testing”

RGN EES T o e SR ZLPT

ABEERERE 54—

SREBSERE Certificate from NITE

A E EE
BIEITECEAE ERFL SR
B¥FE TN 2 K

BRETBEAR S TRBEN RV RMBATL ¥ s — 11,
ASNITEREZ 7o 77 41ckS%, ATo L hREF
FHCLTCAELET,

BE X h ¥ EH L, TSO/IEC17025:2005(JISQ17025
22005)Ici#l AL TwET,

BEHT AR R 0 ASNITE 0021 C

FE A oo & o BEABGEARRBRELPIEA
RKGXRCHE LY ¥ —

it yea o IR EHAER L — 1 — 1
R

2 E o K FiRKors)
FIZA A - FH20(2008)F50 168

W SLATHUE AR S 3 BT 2k AR AR
REELV -k #H@ %93

© SORERL, LACH PERMAFRE R A WIE) ZFAPLAC (7 ¥ 7 KFFUMAL
RIGAWM) DMRA (MERRK) HM R » LASNITERE 7O/ 7LD b LT
RITLEILA.L

A BRI AT SRR
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e
NS
(31 4R)
AEZOR S X
WEREFHAB P K20(2008)F 54 168
FEBSFORFAZTFAB] RERLETFTRE[F K20(2008)F 50168 ]
BPAHRZ THTOIORE/ARRENR | EABHEEZ T I K
HEBHORY i £ BRE#R i&m%ﬁﬂ
RERETHRY BERNEE |—XREEXG | LATA 0.72 %
TN 10 mA ~200 mA
(2008/05/16 ASNITE 0021 C 1/1)

nummaA ERRITRAMIM

ABEARERE L 2—

ZREED)OAVERRAKEENED A —IL

Secondary Reference Si PV module

(REEHRZERS: AIST)

JIS C 8921-2008.6.20% 1T —REXEABEHRLI

JIS C 8910

“REEBRRREE LI

JIS C 8911

—REETELIFAKBEMEIL
JIS:CER93T

“REETEINIFAKGEM

HSITED21—IL
JIS C 8932

ZREE O EERFR

AEEBHEDS21—IL
IIS C 8921

EEKXBEEHDOJIISHIE

s BRI SRR
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-E?:—I*?‘):SH S REAET LA EHEEE

-Irradiation Area :1mx2m
*Pulse duration : Max 1Sec
*Non uniformity :<%£1%

20,

2
[0}
Pm
154 n=50

5l ) \ S
168.5 169.0 169.5 170.0

W

FT—HHE
2

nsEEA BRI SRR

HFREDEREH: S AL 2L —5

musrA ERE TR SHRZRAR
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HRIMEDRMER: T ABREREEE

ABERERR 54—

1. Ki5EhiEEDERRH (WPVS, IECTEE)
MO THEERICEDS,

2. ERDOKBGAREEE)—FT HITHEELLY,
EffEF N DHEN—FEUTAERD
BE-HEF REEXRS,

3. IREF R 4E (CIEAR#EE TR, SIBifz, WRR) )
“773‘”35') _PTé o

4. KB E O REG AR EREIL,
RENSTERMT HEAMBRLELET S,

5. BAERBREFZ L. SMEBREML LD
MLEZEET.

nnnnnn BRI SR
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MIEMIBEIRNMEZEDIREICT D
BIRA D ARBRRE LR

Virtual factory for thin-film silicon solar cells with remarkable low-cost production

fgﬁﬁﬁ Condition

FRARFTTTIFER: 20155 Completed in 2015
R TIROAIE: 10GW  Scale:10GW
RIREhOTEIE: BIESIAREM  Thin-film silicon solar cells
Bi& : ABRAREBPIEIBE for MW-class PV systems
BiEES2—ILARKM:-50M /W Target module cost:50yen/W
£HBN ViaERR SBAE - HE T
Masaki Konishi, Atsushi Masuda, Takuya Matsui
YEGERR LU
SRORMARSTHEICIXILTEL)

EFRHETFT—L

s RIS STRRFT

AIST A AEBHR 54—

EROXA /7—’7'“:H3=7§15§1a7ﬂ%%ﬁ@?ﬁ’\

Large scale MW-class PV systems

HROREEO10%%B5ICIE2000WOKBRERNLE
10N CRRTDELTE2006W/ FOEER
200GW/year production is needed.
s EE R - ERIR
REEZa—Ilo zRozim#2RNL—RE
e EERR:O—IL-Y DIl
Concept of Modules:  ==A2F.q: KwEBR
o " RERE&RE:71°7&DC/DCIi—4
SER—IN:ETFE/EVA(25RF17)

s R ETIZAT
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RRERES 21— ILOTERIEER

Schematic of solar cell module

EVA

PET

EVa1—ILDKES
ex. Mim{EE2m, 200W
EDA—IILEIEI10%EE

Module
Tm(W) x 2m(L)
200W 1 =10%

BFITkY
ESa—ILD
BMEZED

()

muFics A EERIR TS TRZTRR

AIST AEARERRES—

PEINSRIETIE

Process of manufacture

B8R ) | REERTVRFv—EH+
: 3
AR SiEIE (L &LE) SRR DN BT - DI
| I
SEEBMT H A7 —J LA
| |
tH J1AIE HERE
l I
DC/DCan -5 DC/DCAL Uk e
|
S3%—h
I
murmEoA EESR TS SRS AT
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S ETIROS7L177h

Rough layout of Factory

1 n-) (EAL) + 6% + Av¥F (Ag+2Zn0) iy
[ n-) (EEAE) + 3635 + AvF (Ag+Zn0) | gzme
[ PGVD |
| PCVD |
[ PCVD o
Abvo ‘ PCVD J
Y —Ketc.
| TCOME || TCOME \ solibs
—Rete.
| T (7)) -DC/DC-534—h- BT AT - Y1) |
[ # T78(74¥)Y -DC/DC- 54—t Hl (F T - G1HF) |
| JBfH - B - | | JBH-BE-EE |

THBEFAR—R :12Fm2 (Bt ERHE50Fm2?)
avEF—hELT(EEEFT- /7 R -DC/DC- 53R —hk#tetc.200~2505m2 ?)

mursEEA BRI T SRR

AIST ABEREHFR 54—

PERTIBE a-Si/pc-Si

Device structure

80nmTCO(ZnO)|| 5 |B-F

3
E FTILE
Jsc: 12.0mA/cm2

3 Voc: 1.42V

g FF: 0.68

= RELRED n=115%

(BELIEE12%)

60
, 3 THRL—F fc-SiDIBDH 5nm/sec
S 3, 03 ZFDHMDEIEZT T 2nm/sec
1000nm Zn0 || 5 |7 r il
200nm Az 2nm/sec (ZnO/ANY4 or SiOx/CVD)

e EERS 130~140m

\ HEERDODRAR(m)
smEEA AT SRR
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Image of CVD apparatus

ni i pl| HA[ERE | n2 i2 p2 @

©

FETEEEREN 25GW/E-H 40—)L/5 (625MW/LE-S51)
FEEWIEEE:03m/sec BEHHO—)LE4000m

nusmA RIS STRZA

AEAREERE 22—

IRHRPRROEESR L TRk
This scenario is completed using present techniques
with some advanced modifications.
EHIGDIANT 1O D] gEtE % TS
Further cost down will be also possible.
Hix . FEHBEMIR 04mmE 1250mmiE O—)LK4000m+ o
Ag B ZnO : Av¥ = X (Toyama,WCPEC-3,2003)
CVDDTRL—bk : a-SidD2nm/sec
= ER 3 (Nishimoto,J of Non—Crystalline Solids,2002)
U c—SidD5nm/sec = 3nm/secl=H i3 (Saito, WCPEC-3,2003)
A—)L-Y-O— LML EERE = W (Saito WCPEC-3,2003)
A—)L=Y-O0—)LDFEME CKIBEE13~14%IL~ER)
£EBEE . JA4VARL—F—RIS5/4THL)
DC/DCaV/N\—HILE (1V—300V) = Ef3 (Fukae,JSESZLEE 2005)
INAINRFAF—RFFE
D)= )—LFE
DC/DCaV/N\—2IZ A D FEME CRACED 12— LAER)
FER—MOMAYE : BHAOHREORSZRITIEFEDZL
= 3T (Tokutake JSESE % 2003)
A BRI ST
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:IZl"?'ip.!l Expected module cost

65 /W (g#:50m/wW)
(59F:.‘/W) at 5nm/s—10nm/s

NER

MEE : 28H/W  Materials: 28yen/W
(R, HA. SIR—MF, JB. 5¥—T /L, DC/DCAVE)
fEERME : 30M/W(24F/W)  Depreciation: 30yen/W
(TEHFEHAELT)

ZO0f : 7H/W  Others:7yen/W
(ABE-ATE-EXK-EaH-1ith)

XEE : 1000A (ANGELE 1~2%) - -ENEELLTRE

Number of workers: 1000 (Ratio of personnel expenses: 1~2%)
= Suitable for Japanese industry

A BRI TS ST

AIST ABESEFEEFHE L 5—

ﬁﬂﬁlﬁ E Required R&D items

ED#FEEER L Increase in deposition rate
uc-Si,a-Si, TCO,FfEBI NTIZHET
¥(Z u c-SiMDiElE 5nm/s —=10nm/s—20nm/s

EEBEIRMDER — HICPCVDEEBEDIRAMER
Reduction in apparatus cost

£EE 2 1{EE/MW—1.7EH/MW—1{EH/MW
EHE 30 /W 24M /W 14 /W
ECa—J)LaRL  65MH/W 59F /W 49F/W

REZEMEDORE L Increase in efficiency = 2
2EHEEIEBIEE 11.5%—13~14% BiR

—RNICERHBHOLHES T RNICIS
hialliia2RACIREO 1705

Key issue is timing of the investment.

nsEA AT S TSR
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