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PVSEC-11
“ Photovoltaic Energy for the Coming Century”

Sapporo, Hokkaido
September 21-24, 1999

Main Issue in 21 Century : Energy Crisis
* Shortage of petroleum resources : 50 years
* Difficulty to find locations of nuclear power plants
Theme of PVSEC-11
“ Photovoltaic Energy for the Coming Century”
Rapid Market Growth
Japan: 0.1 GWp(1999), 5 GWp(2010)
USA :30 GWp(2020) from PV roadmap




To Achieve the Cost Reduction
to Half or One Third of the Current Level

How to realize the targets ?
1. Half by crystalline Si solar cells (38/Wp, 2010)

* High-efficiency cells : more than 20%

* Thinner cells (150 um)

* GWp-scale production
2. One third by thin-film approaches (1.5 $/Wp, 2020)

* a-Si, mc-Si, poly-Si

* CIGS. CdTe

Highlights (as of Sept. 14)
* Presented papers : total 447, invited 59)
* Participating countries : 42 countries
* Number of participants : 590

Enjoy PVSEC-11 and Sapporo !
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Development of Solar Cell Materials
— 25 years with PV, the role of educational institutions

Makoto Konagai, Tokyo Institute of Technology

I started research on photovoltaics about 26 years ago. The Sunshine Project
started on 1974 with a mission to develop alternative energy sources to petroleum
and my works on photovoltaics started just 1 year before the project. At the
time I was a graduate student of Tokyo Institute of Technology studying at Prof.
Takahashi’ s laboratory. I was working on the growth of AlGaAs/GaAs heterojunction
bipolar transistors. Then I began to think like a student and thought to myself,
“At present, I amworking on three terminal devices like AlGaAs/GaAs heterojunction
transistors where both the structure and the functions are quite complicated. On
the other hand, a solar cell is quite simple in structure and in operation. It
will take no more than couple of years to finish the research work on solar cells
even if I continue the work on heterostructure transistors”. I am sure that your
will all agree that my thoughts were impractical, a bit like a fantasy. The quality
of solar cell materials needed to be improved and the size had to be in the square
meter range to reduce the cost to low as 100yen or 1 dollar per 100cm®. This was
the biggest challenge that I had ever to face in the research field of semiconductor
materials. I decided to work on graded bandgap solar cells. I thought of ways how
the surface recombination velocity of GaAs could be reduced. My idea was to reduce
the surface recombination velocity in the built-in field by using graded bandgap
of AlGaAs.

In 1975, Prof.A.G. Milnes from Carnegie Mellon University, visited T.I.T.. He
delivered a speech during his stay. The point of his speech was to show how to
prepare the crystal thin film. The speech inspired me and I thought that I could
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do it with in a very short time. That afternoon after the speech, I postponed my
scheduled experiments and decided to grow a stack of AlGaAs and GaAs by liquid
phase epitaxy. The experiment ended at around 10 PM. I put the just-grown sample
into a HF solution and went back home. The next morning I went to the lab. and
when I stirred the beaker containing the sample a thin layer of material as large
as the substrate came apart from the substrate. It was the first single crystal
GaAs thin film in the world. This technology was named Peeled Film Technology.

In 1980, the environment regarding photovoltaics was changed a lot. This year
NEDO was established; the subsidy for research groups at universities was initiated
this year and our group joined the project positively. Our group has been conducting
research mainly focusing on solar cells such as a=-Si, CIS, poly-Si, CdTe from then.
“Why are you using so many materials?” I have been asked several times. My reply
is “I am just researching solar cells. If the solar cell is able to provide us
with electrical power, no question should arise about its material.” The knowledge
and expertise gathered for one specific material can be used as a valuable reference
for other materials. All the materials have a good relationship.

Now, let’s think about the role of universities in the coming 21st century.
The development of renewable energy is not just a problem of a particular country.
Collaborative research work on solar cells is needed to be a good partner of Asia.
University people, like us, can quite easily exchange researchers and information
on PV research field. The joint seminars among Thailand, Korea, Indonesia were
started after my proposal. Until now, the role of university was often stated
as being that of sowing seeds, seedling and growing up. Meanwhile, the role of
universities regarding research & development has to be changed gradually as the
industries have already started commercial production. The basic research
regarding the upgradation will be neglected as the industries start to produce
modules. Under these circumstances, research development in improving the
efficiency is necessary in addition to the research like sowing seeds. To be more
specific, the collaboration or strong tie up between university and industry is
needed.

Nowadays, I enjoy my journeys by Shinkansen. Previously I enjoyed having a nap
inside the train and I began to enjoy the sights outside the window recently. On
one occasion I tried to count houses with solar cell in my way from Tokyo to Osaka
through the window of the Shinkansen without resting for a second. Once at a party
I declared, "I could not find more than 3 at present.” Listening to my above
words, a number of my colleagues and friends have tried the same thing. As a result,
more than 30 houses with solar cells have been confirmed. If you close your eyes
just for a moment you may miss these houses. I, therefore, wish and pray that we
could see houses with solar cells anytime through the window of the Shinkansen
in the future.

Finally, I would like to thank Prof. Hamakawa for his encouragement, Prof.
Takahashi who introduced me the splendid life work of PV and Associate. Prof. Yamada
who is supporting me all the time as a group member; moreover, 32 Ph. D. and 60 master
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course students who have shared joys and sorrows of PV research during the last
entrusted 20 years of Sunshine Project.
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[1] High Efficiency PERL Silicon Solar Cells on FZ, MCZ and CZ Substrates
J. Zhao, A. Wang and M. Green

Center for Photovoltaic Devices and System, University of New South Wales

[2] Microcrystalline Silicon Thin-Film Solar Cells by the VHF-GD Technique
J. Meier, E. Vallat-Sauvain, S. Dubail, U. Kroll, J. Dubail, S. Golay,
L. Feitknecht, P. Torres, D. Fischer, and A. Shah
Institut de Microtechnique, Universite de Neuchatel
[3] Cost Effective and High Performance Thin Film Si Solar Cell Towards
the 21st Century
K. Yamamoto, M. Yoshimi, Y. Tawada, Y. Okamoto, and A. Nakajima
Central Research Laboratories, Kaneka Corporation
[4] High Efficiency InGaP/In0.01Ga0.99As Tandem Solar Cells
Lattice-Matched to Ge Substrates
T. Takamoto, T. Agui, E. Ikeda, and H. Kurita
Central R&D Laboratory, Japan Energy Corporation
[5] Cu(In,Ga)Se2 Thin Film Solar Cells with an Efficiency of 18%
T. Negami, Y. Hashimoto, and S. Nishiwaki
Advanced Technology Research Lab., Matsushita Electric Ind. Co. Ltd.
[6] Fire-proofing and Fire-resistance Properties of PV Modules for Exterior
Walls of Buildings
N. Ishikawa, Chitose Research Center, Daido Hoxan Inc.
T. Ohuchi, Kajima Technical Institute, Kajima Corporation
Y. Kozawa Photovoltaic Business Division, Showa Shell Sekiyu K. K.
[7] A Stand-alone Photovoltaic Power Systems Using Cylindrical Module
Y. Nozaki, N. Matsuzaki, K. Akiyama, and T. Yamashita
NTT Telecommunications, Energy Laboratories
[8] Current Status and Future Prospect of PV in Korea
Jinsoo Song

Renewable Energy Research Department, Korea Institute of Energy Research
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Research and Development of Stabilized High—efficiency CZ Si Solar Cells
Tokyo University of Agriculture and Technology

Shin-Etsu Handoutai

Fraunhofer Institute for Solar Energy Systems

Georgia Institute of Technology

Sharp Corporation

Hitachi, Ltd.

University of New South Wales

C. PVSEC POSTER AWARD

[1] Metallisation Patterns for Interconnection through Via Holes
A. R. Burgers, J. H. Bultman, A. C. Tip, and W. C. Sinke
Netherlands Energy Research Foundation ECN

[2] A Simplified Estimating Model for In-Plane Irradiation Using Minute
Horizontal Irradiation
H. Unozawa, K. Otani and K. Kurokawa
Tokyo University of Agriculture and Technology

[3] CIGS Solar Cells on the Way to Mass Production Process : Statistics of
a 30 cm x 30 cm Module Line
M. Powalla
Center for Solar Energy and Hydrogen Research ZWS
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ENosT-HbDD, 924 cm?OFVa—N (BBRHE13%) ER (ZEEH)

R AFA VT VA MNERBEOFERICLI2FHBEDESR (KA Y, ZAE), £1ES
i LFOBRMIEZF Uy VREBOER (VY=—) R FERERBRVR LN,

S, RECH - ZHERBEREZAVERZRFOEBRDRIIEDLIICEHESE, hoHE
RELTODAY v hZENMEDZILHITRI2ONNBRBTH D,

ONBE -MERSIi®: 2 1#£ICBVT1 USS  WpxBHET) LT, K
HHEFEF. "M AL—T v b To A TOHREENR LN, EHETIE1200
—4140cm*ORKEENREBLIN. ERDRLRKEEXRFTS8. 1% — 9.
2%MNERINTUVS (BP Solarex, =¥, BE+EH, %), XkE. NREL b6 DK
REEETNARORRKENLOBEE(ET VORER EHLICLORAEEROEE
BRI —FH, TOBHERE L THERS i OIFARRFICRY Ahvbh
7e 1200cm?T1l1. 1%DEYa—LBERMEIN (EMEFE) ONREE
ENnd, HESMEZHEIE T2 HEL LT, ERIERENOILLET =—1 LTIk,
=7. Penn State Univ. 2O KEBEHFRIE, EERILEKRFE., EFEFKESHEFR
b U EMNE, Neuchatel KEMNOLBIBTEALTZ7 7 AV Y I VERERED
ExD7nbAFEIREBEEINTE, EH12, EEDERESHF T, KESEIZES
LTEFENBRATIERMD in-situ ATR Z AWV 2T, ROV 7 VARG &
HRIGEEIRE SN, £/, EXEEHHE L LT Czech Academy of Science
NHCERFHEORIT, RERIKENL 7Y —F ¥ UV 7TRINEZ AW CEEHR
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B ndEInTT, TRNOOREHBITZECLERARICIY, EELEZEDRAE
mES i RFORBADBFLID,

OCI1S, CdTe® : CIS (Vv k (Hifk) -8 - A T L) RO FI T A
TN FRILEDERERRFORDRILLERIZERL TS, C1 SHRTI.
18.5 % (0. 96 cm?*, RTEREX), 12. 8 %(0. 52cm?, FA
Y. HMI), 14. 7 %(19. 59cm?, A=—5 . Upsala University),.
14. 7%(18. 9cm?, SiemensSolar)Z2 ¥, CdTe ZTiZ10. 5% (137
6 cm? MTEHM) RLEOBRIBERNE, KEELLZBEEICLTHRELERL.
5400cm?®T8. 3% (WiftkW FITAT LT A FR) OFEBRBENRELNT,
REMBEOCAPLOIFITAZFERALARVWE F#1E (CBD-ZnS, Zn(0,S, OH),
In(OH, S), ALD-ZnO #i&) DOBARbLED LI TS,

OIII-V RE : BEEEBRDIEOERCFEARTF L LTER LI TV A{LED ¥
MERTFICELTI, FUr7L2BBFTHEVEFINT, InGaP " GaAs
% (GeZEWHR) T30. 9% (V¥ Xvx+TY—), AlGaAs,/ GaAsHT
27. 6% (HLER) HBESh, GeEREZAVW-EER EHFENDGaln
P/GaAs/GeRFICHALTFEFRL:LTO=AT S 73 ryTok A
% 7= (Spectro Lab. 2 TF TECSTAR) b EB &b, SiEHWLETGe S i
Ny Z7—RBERANTOAToIEIF VY VERGaAs THRIX Y I YT 7
ZA LABEBRINT (Ohio State Univ.) O HLEBHFELRN S ERERLICORN DR
RDO—D2Th %,

OFVa—N, YRATAL: ZORHFTHE, BRIZBITAIRED S FA, KA
D7avxl PBBIENT, EHIZIEIEREVOMELRE, BAT X, Y
YA INAREED2a—LEB ACES2—NLDEODA LN N—FBE TELT 7
AN aveEnER—R L LEEYVa2a— AR EREBRINT:, VAT LAHBFTIEIM
WBRATAELT, F—RPIZYVTFT « Y Fe—, FF¥ e =a—FF, FA
VeZIaryaArDZuavzl PRBRINE, WAk, BEOEE, ELoFMOM
BOMBRHREOFREAVW-REDRFTMELSBRINT, FETHRIBRONA
7V FRIVATLAORRBLEAFAICEAL THLRFOREBRABT,

OFvarnral/I L ZOnHTIER, LTV —BETLEES -0, H
K TAVAERE, AT, AXVA, 42V 7, ¥E, @&@EH, #A4. X bF
LA, EU A F, KEHE#HEBPOORE/ 0 77 ABUTOXIICBRESH, 2
1RICBITA2HANLRERSEFFIND,

— Japan: 5, 000MW in 2010

- U.S.A. : 40% Cell Efficiency in 2005

- E.U. : 3,000MW in 2010

- Netherlands: 1, 450MW in 2020

- Italy: 10,000 Roof in 5 years

— Korea: Long-term program 1997 - 2006

— China: Market growth rate 20%/year
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- India: 100MW in 2002
- Thailand: Royal development projects
- Vietnam: 450kW PV installed

RE. KBEMBEFOLAERDITILALENS i FFFTEDLNLTWD, ¥ED
YURRECIIERESR - ZRES i BFRZOEHME LD OEXMEVSE L, L
L. KERICBEHARLE LTABHREES AT LANEELRBZR L2 R -T-DI21%,
KiaBZ - HMERALEATH D, TOEDHITIE, HFLVWEROCHEBHFEEDER. S
i UADOHEBROMERELBAENICTH I LiITHER Y, IEERICBWTIX
EHOLRERICLYVRBOICHENERT I Z L3+ 55, LarL, £H
{LEZICHATEEEREOIRITIZ, R0, ERMHEBIC L DGR 2 R E B L
Heled, RUMLIZ1I00FKWEEMNETALIRERBRKBEREEL AT L%
ERTHEDHITIE, IRZLRXATORROBEAERE, TOEBIZLHIREBELD
Hill, REHENICEEDHEKREZER T2 ITEEMOERBMLATHD, KBX
REEES#HE (PVSEC) X, T L5 24T, thoZHEBRSBORZ LT
HZHERBN TR STFEERRFLVFERBARTNRIERGRVRBOLSETH D, 2
4 BIZITbh7=HAERITBWVWT, 2K & 7o/ 7 52ZBROBEREDD L, K
B, £E12EPVSECIZ, 200146 AC&E., FNET, BrhdZ LR|
HFahl, FETKBAREREERSBOSEZOTEN (20004 : EU—P
VSC. TAVSTIEEE—PSC. B3EWCPEC:2003%, X&) T7F
7V ABRThbh ., KEAREEROSEOBERERLZHF LI,

IV. BEETTE

1. HERETE
9H19H—22HIZEY, B1 1EBXBXREREERESEBICHRLT. 72—V
IFINF—DRETHIABHREEBICHATIBTEN e, U HLIRTKBAERER
HEAETHTHEINE BAIHEZED3I4H-HARBFOESRNEYHBENT,
ESBHEEROILRTR, LB EROR2 75048 H -7,

(1) BTRE
EH 4 o B

Japan 30 Cell/module manufacturers 12
Australia 1 System houses 2
Austria 1 Material 5
Germany 1 Equipment 10
UK/USA 1 Construction 1

Utility 1

Government 3

Total 34 Total 34
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(2) BTAE
O Topics
- The variety of PV modules, systems and applications
- BP solarex: the first exhibition after the merger
O New products
- Modules: colored module, light—through, large—area, building Integration,
AC module, etc.
— Systems: residential, building-Integrated
- Materials: Si substrates, encapsulation, TCO, cover glass, connector,
— Equipments: plasma CVD, screen printing, assembler, simulator, laminator,
photometric system, meteorological Instrument, etc.
O Demonstration by NEDO: flexible a-Si module, large-area a-Si module,
CdTe and CIS modules, SO0G-Si

2. #EEsS
ALEmIETDL, 9HA198 (B) FER1ELL4ETTo A P ALIRICT “OIDTO KB

HEBLATL” LELTHMEEZA, 13040THROF 4 BB Eh, Tt RI K4
FHEBEOLWAKKZEUOUTOSADRIMOFIZXZKBERBIZOVWTODL D T
UM iToh, BMECESN L LTREEO—ERLLLEORXRMGHRE TEEITHT
D, BEAE., APV RXTEIR2BOFHRE, BIRhKGFTHo7-, BhHoBHE L L TiE,
KBEARBICHTARKICHEEDY, BRE~D VAT ABAORFNOIVITKBEREEEX~D
ECRAABA~ELRLDETHY, % DIOI I REESPBHELTERLVWLEOHE TH- 1=,
O #ERER L#ED

(1) KBBXRE AT ALLEIX WERBE AT A —K &

(2) bEBEICBITEKB=FALX—FIH LR T¥ERFL FHF &Il AR

(3) EEMTOKBHRBEL AT A WIS UR—LBAEHER B &
(4) AR - EXERBRAITOKBAEE AT LA Y —7WH AR BER
(5) ERNCBITA2KBAREL X T LAOF A =t 5H A% H—

3. BllLFoHE=E

IEFRATOITEL LT, YV—F— AW —ToETNVEMAITAHLNAIA 1
QRIZEA PAALRIZBW T KB ARERFS TR CRHRMEINT-, 8 OMDOILERT
DEERSMEI T,

4. BIEV—II3vS
AP, ROZHOOEKRY—7 v a vy 7RIz, FMITERIZER,
O9H20H : #EEPVSEC i EZBE N EE L [Workshop on Light Degradation of
Carrier Lifetimes in CZ-Si Solar Cells] MFMiL., 5 04 NS,

O9A22H :NEDO EfET [PV OFIMEMEICBET DTV —2 3 v 7 - IEA Task I]
RN,
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VII. &3

COEBEBRAREFIEROLHICEHOFERERLVICHERALKD X8
DL EICHREINRDBIIKRT I EAEEET L, BEREXHESLILD, £
SOEENLDZBBEOHXBAB -, YRISBEELXHBICEDSLZ N
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EEHETHIRETIESNET,
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O BEOEZFEDOKN

HE %1 [E % 3 [ % 5 [H] % 7 [ FOE [FE11[EH
B8 1984 [1987| 1990 (1993|1996 | 1999
ZEBR &) = i P ¥ B MR 7 e
B 18 35 Fir B 958 D LHE =100 ALBR
BMEHKR | 468 403 468 530 594 706

(137) |](105)] (146) | (135) | (181) |(254)

im S 214 208 247 258 391 453
BEeME | x4 AE |BIARBL | M Al | Bk | HE & | R HZ
ZER |[x—7)| (NEC) |CZEEH)| (Xt 7) |(CHER | (ELEH)

O REHRIEOHEE (%)

53 BF 5% 1 [E % 3 [F] 8 5 [F] % 7 = FBOE | F11E
c- Si 19 15 12 19 2 2 22
a- Si 39 36 30 25 18 18
BAEE X 19 138 28 24 31 37
£ P 10 27 21 19 18 1%
£ DAt *x ] 2 9 9 13 11 6

% : [[I-V, CIS, CdTe &, ** : ExE¥ 7 o=/ &
O FLoBREERAOKEDL (EA: FH)

H H % 1[E % 3[E % 5 [E % 7 [ FBOE [ F11HE
m A

RE 4,807|/4,833|5,636|5,790|6,620|5,476
Zm¥® |1,654|1,685|1,770|1,867|2,851|2,720
Bé&ir | 2,70312,800/2,696|3,063|2,840|2,052
FRXH
SR 528 693 65 2 344 702 904

B - ®IE 0 0 191 440 298 307

=68 547 375 783 857 1,057| 580
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IEEE Electron Devices Society Newsletter D January 2000

ether 705 scientists and engineers

om 38 countries to discuss about

recent scientific and technological
developments.

At the opening ceremony, the
FVSEC Award was given to Prof.
Maltoio Keonagei (Tokyo Institute of

Technology) and the PVSEC Special
Award Io Dr. Kazuo Inamori, founder
of Kyocera Corp. The technical pro-
gram was organized in 8 cofegories
from fundamentals, crystalline Si,
pmorphous Si, CIGS & CdTe, lIkV,
modules & system components, lerres-

E::ie!y of Applied Physics, brought

ﬁunﬂnllﬂ:lmmcﬁund

http//www.tuat.ac.jp/ pvsecl 1)
— by Tadashi Saitoh

The 11th International Photovoltaic Sci-
ence and Engineering Conference was
held in Sopporo, Hokkaido, Jopan, on
September 2024, 1999 The conference,
cosponsored by the IEEE and the Japan

we 2000

35

—Hial syslems and national programs.
Three hundred and ninety-one contributed
papers and 62 invited papers were pre-
sented at oral and poster sessions, which
are record numbers in the PVSEC history
due to the recent growth of the photovolta-
ic markel for residential applications.

The topics of the presented papers
included: 24.7%-efficient, monocrystalline
Si cells, stable Ga-doped Si CZ cells, mul
ticrystalline cell technology, amorphous
cell mass-praduction technolegy, 30.9%
InGaP/InGaAs tandem cells on Ge sub-
strates, 14.7% CulinGoSe mini-module,
building integrated PV modules, inverters
for AC modules, PV in urban environment
and remote applications in Asian coun-
tries. Two workshops highlighted the con-
ference, including the Informal Workshop
on Light Degrado!ion of Minority-Carrier
Lifetimes in CZ-Si Solor Cells and IEA
Workshop on Value-added PV

The conference also included an Exhibi-
tion of commercial modules and systems
as well as newly developed products. Two
thousand seven hundred and fifty people
visited Ihe Exhibition to look al the
advanced products displayed at 34
booths. The next conference will be held in
Cheju Island, Korea, in June, 2001. For
more information, please contact the Gen-
eral Chair, Dr. Jinsoo Song, Korean Insti-
tute of Energy Research, e-mail:
pvisong@sun330 kier.re kr

— Hiroshi iwai, Editor

PVSC special oward winner Dr. Kazuo Inomori,
founder of Kyocera Corp. (leff] and Generol Chair
Prof. Todoshi Saioh [right] of the opening ceremony



3. B Si KBEMOKRLLICET V-7 Va3 vy THE

O [Workshop on Light Degradation of Carrier Lifetimes in CZ-Si Solar Cells
OBAfER : 9A20BF%
Ox@¥E : WM PVSECHMZEBR, 77V v F—7 7 —HEmSHN
OBMEK : M504, Yv—7, B, E@¥HK, BRI K, FhG-ISE, GA Tech,
ISFH, UNSW, ANU, fth,
SHEOHEM . BRT—~
(1) SBOER DR 20%PULOKBEMAIE I X F TERT HITIE,
CLE#ERSI OL{LMELBAETAHALBLETHD, 5H, [ERFEE
THA4DOCIEREFERL, BEFEHECEAL, FRBIURAEEL
DFfEEIToT-. ENOEDT—F528BHLEFEN,. V—27av72HBLE
RERBEIT- T,
(2) BRT—~
SESSION I. Growth and Characterization of CZ Silicon Wafers Chairman: H. Sawai
The Growth of B-doped FZ, CZ and MCZ Crystals and Ga-doped CZ Crystals for PV Cells
Takao Abe, Shin-Etsu Handotai Co. Ltd.
Nature of the Light-induced Recombination Centers in B-doped Cz-Si
Jan Schmidt and Andres Cuevas, Australian National University
Light-Induced Behavior of Carrier Lifetimes in Low-Resistivity CZ-Si Wafers
Tadashi Saitoh, Hiroshi Hashigami and Xiong Wang, Tokyo A&T University
Comparison of Lifetime Degradation in Boron and Gallium doped p-type Cz-Si"
Stefan W. Glunz, Fraunhofer Institute for Solar Energy Systems

SESSION Il Fabrication and Characterization of Solar Cells Chairman: A. Ebong
Si Single Crystal Solar Cells and Light Irradiation Characteristics
Hiroyasu Sawai, Sharp Corp.
Reduced Light induced Degradation in Low Oxygen Boron Doped High Oxygen Ga Doped CZ
Screen Printed Silicon Solar Cells.
A. Ebong, Georgia Institute of Technology
Effect of Light Degradation on Bifacial Si Solar Cells
Hiroyuki Ohtsuka, Central Research Laboratory, Hitachi Ltd
Technical Report Describing UNSW Experiments on S.E.H. MCz, Cz(Ga), Cz(B) and FZ Si
Substrates

Jianhua Zhao, University of New South Wales
First ISFH results on high-quality MCZ and Ga-doped Cz-silicon
Axel Metz and R. Hezel, Institut fuer Solarenergieforschung
Discussion : Issues on the Application of Stable CZ wafers for Cell Production Industry
Discussion leader by M. Green and T. Warabisako

O %&®
SEDU—2 a3 vy 7Tk, CZ-SifEda v O, FK&OFEMB LA D
AE-FHZTV, T CET VBB ETLOTEDOTHER T2, £
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fo. BRNCA »F—FRy MZE DT —FRBEITV., ERETEHERBOESER
MeBRTE, XFAFEOMENHEEICRL -7, BONT-ELHERRITRED
AHH ThHoT=,

1. Light-induced degradation occurred for low-resistivity CZ wafers with a high
interstitial oxygen suggesting a B-O complex.

2. Light degradation was suppressed using MCZ wafers including oxygen
content less than a few ppma.

3. Ga-doped CZ wafers showed no light degradation after thermal oxidation
even if the wafers contained a high oxygen content.

4. Record efficiencies of 24.5 % (4 ecm2) and 20.2 % (100 cm2) were fabricated

using high-quality MCZ and Ga-doped CZ wafers.

B, SEOEBEXRFERBLIOV—2va vy i3RI ERINE, KREZ., ®
O =/ 520 CcoRMABHRETRELHOBETICHINITETHS,
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4. KBEXEREI AT 2OMNEEICET 27 —27 a3 v 7RE

O ['Workshop on Added Value of Photovoltaic System |

OBFf#B : 9A21H18:30~20:30, 22H9:00~12:30

OFf #: 1EA/PVPS#27 10%3EESHL LT, NEDOMEE
O2mMEHK: 16 »Eb4 8451 M,. NS8AITRSHRESE

OB B : KBXAREV AT AIZ, BEBEMIL-THLbINAMEUAICHLE
HTHEDLRMAMBENR DS LOBENRIEEY 22H 5D, —NOOFIMEEIZ, &
HeERbOfOBEN TR BNV TERREDCAODEELRKFIZ2EHI> L0 L]
FEIhd, £ZT,. 20 MEEZ2EET AL LIS, TEHIRVEENLERS,

O% =x:

(1)Preliminary considerations on added values brought by PV systems
(K.Kurokawa)

(2)Mapping the value of commercial PV application in the US-accounting for
externalities (C.Herig)

(3)Value of PV case-studies in NL (T.Shoen)

(4)Capacity Credit of PV Power (T.Nanahara)

(5)Energy Resource Saving and Reduction in CO2 Emissions as Values of PV
Technology (K.Kato)

(6)Fluctuation of PV system (K.Ohtani)

(7)The Role of BIPVs in Uses other than Power Generation (J.Ohno)

(8)Reseach on the thermal comfort of the semi-outdoor space which if composed
of PV cells integrated
roof and wall (T.Tanaka)

O %
VUEDEREDPENOGERIIN T H5ELEL THMMBEZHBHL, TEOL D
RAODDHTIT) —ITHE LT,

|_Category Added Values Extracted

Principal and Electric kWh value, power generating; kW value, capacity credit, peak; DSM

(resrdenhaf, psychological), emergency and disaster, rural
electrification (no fuel transport, transmission and distribution credit,
no cooling water); grid parameter improvement

Environmental energKI c?ayback time (EPT) (residential, large plants); reduction in
CO2, X and SOX emission; acid rain prevention

Architectural improvement of BIPV cost merits; l?uilding functions (heat insulation,
water proof, fire protection, acoustic, and re-cycling); visible beauty

and apﬁeal_ to owners, rental customers and public (color coordination,
non-reflective materials); re-tiling elimination; space with comfort and
quality (see-through, day lighting, shade, thermal, silence, suppress
heat islanding); low energy buildings; electromagnetic wave reflection

Socio-Economic less external social cost; induced employment and products; solar
breeder concepts, urban development; resource diversification;
educational value; botanical value (anti-desertification); international
collaboration; technology transfer

CORBRERIHENLELORBBE L, BEES 7 AI—CHESNLSD 16th
European Photovoltaic Solar Energy Conference ¢ T L T, 2RIV —27 3
yTEREShDZLIZRRoT,
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