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Abstract

With steady progress in research and development work, the process of putting 
photovoltaic power generation, fuel cells, and other new energy sources to practical use 
has begun. The government is preparing the legal framework to support measures 
necessary to achieve this goal: revision to the Electric Enterprise Law, Electric Appliance 
Control Law, and other related legislation, enactment of regulations covering the purchase 

by electric companies of surplus power produced by new energy sources, and the 
provision and reinforcement of subsidy systems, tax incentives, and other support 

measures.

In the midst of this transformation of the environment surrounding new energy 
sources, NEDO Information Center initiated a project in the last fiscal year to 
systematically and continuously categorize, sort, and process technical information in its 

possession, and store this information in a database.

This is the second year of the project, and the database was further expanded.. 
Also in this year, the database was connected to the Internet, an information network 
currently attracting the attention of the world and the usage of which is making remarkable 
progress in Japan as well. The connection to the Internet allows instant access to the 
information in the database, not only to researchers and technologists at national research 
institutes, universities, and private sector organizations, but also to new energy users, 

university students and other ordinary citizens.

This work was conducted in accordance with the following implementation plan, 

which is basically the same as the one applied last year, except the information processed 

this year.

(1) Purpose
Gather, categorize, sort, and process technical information on photovoltaic power 

generation systems, such as the results of overseas and domestic research and 
development work in order to effectively contribute to the development of the technology 

required to put them to practical use.

(2) Details
An immense quantity of technical information on photovoltaic power generation
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systems has been produced, forcing researchers to spend a lot of time and effort finding 
and checking the information they require. So in line with the goal described above, 

NEDO has collected recently published overseas and domestic research reports, 

dissertations, and other technical information concerning research and development work 

on photovoltaic power generation systems, and categorized, sorted, and processed this 

information by research field, and summarized its conclusions, results of experiments, 

etc.
As a results, NEDO can now provide its technical information on photovoltaic 

power generation systems to organizations working to develop technology for practical 

working systems.

Details of the Project for 1994

The project handled papers selected from the 10th ECPVSEC(EC Photovoltaic 

Solar Energy Conference) held at Lisbon, Portugal in April 1991, the 6th 
PVSEC(Intemational Photovoltaic Science and Engineering Conference) held at New 

Delhi, India in February 1992, and papers published by NEDO in 1995. The total 

number of the papers processed this year is 424 from two international conferences, and 

176 from NEDO.

(1) Implementation Steps

[1] Gather overseas and domestic research reports and other documents, including 
research reports and documents from NEDO.

[2] Prepare summaries of research results reported in those documents.

[3] Along with step [2], prepare brief summaries of data obtained from the results of 
experiments including numerical data.

[4] Sort and process the summarized information by research area, material used to 
fabricate photovoltaic cells, etc.

[5] Categorize the large volume of technical information (factual summaries and numerical 
data) gathered, classified, and processed as described in step [1] to [4] according to
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various facets such as conversion efficiency, measurement-based assessment, and 
fabrication cost, add bibliographical information about the documents, and summarize the 
information as data to be stored in the database, so that it can be used effectively for 
research and development work on photovoltaic power generation systems.

2) Storing Survey Results

The results of the above work are stored on 3.5 inch floppy disks as MS-DOS text 
data. The original documents are stored on optical disks. This is done with a Panafile 

8050 made by Matsusita Electric Co., Ltd.

This report presents an account of the way in which “Photovoltaic Power 
Generation System Technical Information ” is systematized along with system operating 
instructions. The report is divided into the following three sections.

1. Outline of the Photovoltaic Power Generation System Database.
2. Operating instructions to have access to the database through the Internet, and to 

retrieve the original documents from the NEDO optical filing system.
3. Examples of the information stored in the database.
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y 3y$/-yy 3y$/#ISiPn/lU#£ M-yy 3yy tfyjfcgl-SS-S-Lfcjfy compatible with high speed Si-ribbon bach.H.P/Eisenri ECPVSEC10/
83000.07056 5 PERU T21 &/ir/l,/7'oir%MR/a:BBK^74~ yyy 3 growth Siemens th.K. II SHU 519-522 92.10

On-line manufacturing of Si solar cells
S£i8)-yy 3y$/->y 3 y&/#&#,&/1)1% mai-yy 3 y y Lfczhy compatible with high speed Si-ribbon ECPVSEC10/

83000.07056 5 DE Rll T21 iSii/1ryL/7,p-by.S®/fi:E&tif yy y 3y*ffifItii!i-izyvSjS growth Siemens Solar Munzer. K. A RDfl 519-522 92.10
Fraunhofer

■S-fiK-y y » aoliSrWtitogL/dS - INCREASING CELL EFFICIENCY OF S-WEB Institut fur
&i!i-yy 3y^/y y 3WEB-yy 3y y ^y##<Oir/L%$lO SILICON RIBBON MATERIAL USING SYNTHETIC Solare ecpvsecio/

83000. 07057 4 DE Rll T21 fa-h SILICA CRUCIBLES Energicsysteme Schindler. R @4kSt 515-518 92,10
•S-i&y y * 3-7l££/9 V'TStig Lfc S - INCREASING CELL EFFICIENCY OF S-WEB Falckenberg. R/Gr

-yy 3y%/->y ay^/0$§,a/## WEB-yy ayysy##©-lryV%i|£F© SILICON RIBBON MATERIAL USING SYNTHETIC abmaier.J.G/Lerc ECPVSECIO/
83000.07057 4 DE Rll T21 Mi[nLL SILICA CRUCIBLES Siemens henberger.A RDI] 515-518 92.10

THE HYDROGEN-CARBON COMPLEX: BUILD-UP
jfSifcy y 3 y=fs/-y y ay^/l)%&/## ELECTRONIC PROPERTIES AND ANNEALING Endros. A. L/Grabm ECPVSECIO/

83000.07058 4 DE Rll T21 gf#y = BEHAVIOR Siemens aler.J.G RID] 92-95 92.10
#SiPny y 3 yf,/y y 3 y%/l|iea/$e EFFECT OF TEMPERATURE AND LIGHT Univcrsltat
iPn/WfWr-'^y-SaSf/ir-'L/iffl^if INTENSITY ON TIE PERFORMANCE OF MIS Erlangen- ECPVSECIO/

83000.07059 4 DE Rll T21 #kftVAHt INVERSION LAYER SOLAR CELLS Nurnberg Hezel. R 640-613 92.10
y 3 y%/y y 3 y%/»*§.&/#;& effect of tbiperature and light

INTENSITY ON TIE PERFORMANCE OF MIS Jaeger.K/Hoffman ECPVSECIO/
83000,07059 4 DE Rll T21 @i kftftiggCPfljfli INVERSION LAYER SOLAR CELLS Nukem rUt RDfl 640-643 92.10

ifSiPp-y y 3y|/->y 3y ^/l|I%i%/$N; RECENT ADVANCES IN SILICON INVERSION Universitat
|R/W4??ffi/T/'*'!' •>!) 3 yR(G@±|#m!lif/!/%)%%!(%# LAYER SOLAR CELLS AND THEIR TRANSFER TO Erlangen- ECPVSECIO/

83000.07060 4DER11T21 ipk^<QP y INDUSTRIAL PILOT +Nurnberg Hezel.R 511-514 92.10

1 ^
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83000. 07060 4 DE Rll T21

is^-yy =y$/-yy ay^/mea/#*

-yiViJJSM
•yy =ys<E@*M?i!Hz/wojiirjS(oii6

RECENT ADVANCES IN SILICON INVERSION 
LAYER SOLAR CELLS AND THEIR TRANSFER TO 
INDUSTRIAL PILOT + Nukcm

Hoffmann. W/Jaege 
r.K RIM

ECPVSEC10/
511-514 92.10

83000. 07061 3 DE Rll T21
isa-y y => y$/’> y=y%/$ga/yn -yy =y roynSittiSBifeo BiSj^gg <y/<

LOCALIZATION OF THE SOLID/LIQUID 
INTERFACE DURING DIRECTIONAL 
SOLIDIFICATION OF SILICON BY A PULSE +

Fraunhofer 
Institut fur 
Solare
Energicsysteme

Eyer. A/llaas. F/Sc 
liatzle. P BAA

ECPVSEC10/
295-297 92. 10

83000.07061 3DE Rll T21
may y = yss/y y => y*/$ma/yo 
•fexme/flEteE

•yy =y©*rsn±!@0^0®»naro^
LOCALIZATION OF THE SOLID/LIQUID 
INTERFACE DURING DIRECTIONAL 
SOLIDIFICATION OF SILICON BY A PULSE +

Universltat
Gebaude Paul. M

ECPVSEC10/
295-297 92.10

83000. 07061 3 DE Rll
*&yy =y*/-yy 3y%/$#A/yo

T2i
-yy =yro*rftittiJi@4iro@EiV-aoo/4 
/L-x-zn za%m

LOCALIZATION OF THE SOLID/LIQUID 
INTERFACE DURING DIRECTIONAL 
SOLIDIFICATION OF SILICON BY A PULSE + Heliotronic Knobel.R. M RIM

ECPVSEC10/
295-297 92.10

83000. 07062 3 DE Rll T21
ma-yy =-y$/-yy =yliiiMHidiufcW^fiK: RAFTSroant

CONTROLLED NUCLEATION: A NEW APPROACH
TO IMPROVE THE CRYSTALLINITY OF RAFT- 
FOILS

Fraunhofer 
Institut fur 
Solare
Energiesysteme

Reis. I/Hurrle. A/ 
Rauber. A HA*

ECPVSEC10/
524-526 92. 10

83000.07062 3 DE Rll T21
may y = ym/yy =»y^/$ma/## : RAFTgoma*

CONTROLLED NUCLEATION: A NEW APPROACH
TO IMPROVE THE CRYSTALLINITY OF RAFT- 
FOILS Heliotronic

Melmreich. D/Beck 
•A RIM

ECPVSEC10/
524-526 92. 10

83000.07063 4 IT Rll
r 7^->!)3 y%/y y = y^/tf

T2i

a-S 1 : HlJEfctta&Bn 
iy^:toilrSrrra7i:K)rorrLV'Ty‘D -

A NEW APPROACH FOR CHARACTERIZING 
SURFACE INTERFACE AND BULK DEFECTS IN 
n-Si:H

Institute
Elettrotecnico
Nazionale
Galileo Ferraris Amato.G BASE

ECPVSEC10/
128-131 92. 10

83000.07064 4 IT Rll T21
r^7 7X-yy ny$/-yy ny^/ti"

T;E-yU77X-yy ny$r^<-xk Lfctt 
#oR. f. y7

EFFECT OF UNUSUAL EXPERIMENTAL 
PARAMETERS IN R. F. PLASMA DEPOSITION OF 
AMORPHOUS-SILICON BASED +

Universita di 
Bari

Bruno. G/Capezzut 
o. P/Cicala. G/Man 
odoro.P y;#

ECPVSEC10/
391-394 92.10

83000. 07065 4 IT Rll T21
r-t7V77^yy ^y^/yy ayfvw a - S i :

fFtt
Temperature dependence of the 
performances of a-Si:H solar cells

Universita La 
Sapicnza

Schirone. L/Vince 
nzoni.R y#

ECPVSEC10/
371-374 92.10

83000.07066 3 IT Rll T21
7*^77^.yy ^y$/yy 3y#/# 7kS-(kT--E-yv7 7 y.*-^y©!ti?tt^C)

yy =» yoB@
INFLUENCE OF SILICON ON PROPERTIES OF 
HYDROGENATED AMORPHOUS CARBON

Institute
Elettrotecnico
Nazionale
Galileo Ferraris Spagnolo. R base

ECPVSEC10/
125-127 92. 10

83000.07066 3 IT Rll T21 -yy aycis
INFLUENCE OF SILICON ON PROPERTIES OF 
HYDROGENATED AMORPHOUS CARBON Politecnico

Demichelis. F/Gia 
chello. G/Pirri.C 
. F/Tagliaferro. A RIM

ECPVSEC10/
125-127 92.10

83000.07067

7-&7U7 7 X -y D rz y$/■•> J) 3 y%/#

3 IT Rll T21 -< 7%181-

a—Si :HV a-SiC:Hla-S
1 G e : H&MttSfc UTTfflWc^m
af yTAt/woeTy y^6#mm

MODELLING AND CHARATERIZATION OF 
PHOTOVOLTAIC TANDEM CELLS WITH a-Si:II 
a-SiC:ll AND a-SiGe:H +

ENEA Centro
Riccrchc
Fotovoltaiche Conte. G BASE

ECPVSEC10/
132-134 92. 10

83000.07067 3 IT Rll T21

7^-yy 3 y%/y y = ym/#

'{T.tStft

a — S i : H, a -S 1 C : Hi a - S 
i Ge : L*CffiV'fc5tig®
A^yfAt/wtry y^i4$ttf¥<ffi

MODELLING AND CHARATERIZATION OF 
PHOTOVOLTAIC TANDEM CELLS WITH a-Si:H 
a-SlC:ll AND a-SiGe:ll + Eniricerche

Gramaccioni.C/Gr 
illo. G/Galluzzi. 
F RIM

ECPVSEC10/
132-134 92.10

83000.07068 4 IT Rll T21
77^-yy = y$/y y = y^/#

7zeyv7 77t.-yy =y*-/t- KoJtU

A COMPARISON BETWEEN FLUORINATED AND 
HYDROGENATED AMORPHOUS SILICON CARBIDE 
PREPARED BY REACTIVE +

Institute
Elettrotecnico
Nazionale
Galileo Ferraris Boarino.L BASE

ECPVSEC10/
121-124 92.10

i
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83000.07068
7^k77^yy3yi/yy =y$/f-f

4 IT Rll T21 t ^y y 3 y» -/<- F*©ifc&

A COMPARISON BETWEEN FLUORINATED AND 
HYDROGENATED AMORPHOUS SILICON CARBIDE 
PREPARED BY REACTIVE +

Politecnico di 
Torino

Demichelis. F/Pir 
ri. C. F/Tresso. E B2i5k

ECPVSEC10/
121-124 92.10

83000.07068
ny$/yy =y$/ti-

4 IT Rll T21
y yy&%#j:takaHk

T^/i/?7^yy =yy? -/<- Kroitfe

A COMPARISON BETWEEN FLUORINATED AND 
HYDROGENATED AMORPHOUS SILICON CARBIDE 
PREPARED BY REACTIVE + Elettrorava Rava. P sra

ECPVSECIO/
121-124 92. 10

83000.07068
7:tyy 3 y$/y y = y%/#

4 PL Rll T21 ze/L77%yy =iyy;-/<- KWJtfe

A COMPARISON BETWEEN FLUORINATED AND 
HYDROGENATED AMORPHOUS SILICON CARBIDE 
PREPARED BY REACTIVE +

Acc.Mining and 
Metallurgy Stapinski.T

ECPVSECIO/
121-124 92.10

83000.07069
r^ivy 7 ^y y 3 y$/y y = y*/#

3DK Rll T21

p - i -ii7T-;Y777.yy 3yycfSflt POTASSIUM ION IMPLANTATION DOPING OF
V yA-ftyttA THE n-LAYER FOR p-i-n AMORPHOUS SILICON 

K-t'y^ SOLAR CELLS
University of 
Aarhus Larsen. A. N

ECPVSECIO/
1072-1074 92.10

>

ID

Dipt, di Chimica
p - i -n7W77^->!l POTASSIUM ION IMPLANTATION DOPING OF Applicate e

74J/L7 >%/"> 1) n y^/tt it!l-lz;LOfcit>C0n@<0;b JJ THE I,-LAYER FOR p-i-n AMORPHOUS SILICON Scienza del ECPVSEC10/
83000. 070B9 3ITR11 T21 SOLAR CELLS Material!Zignani.F B&& 1072-1074 92.10

p- i -nT^-yU7 7^.'>y POTASSIUM ION IMPLANTATION DOPING OF
7*->y=i y%/y y 3y^/# rl!i-kXOfctod)njgro* y THE n-LAYER FOR p-i-n AMORPHOUS SILICON Rizzoli.R/Summon ECPVSEC10/

83000.07069 3 IT RI1 T21 K~ b‘SOLAR CELLS CNR-LAMEL te.C/Galloni.R g[Hj 1072-1074 92.10

83000. 07070 3USR11T21 3 - 5 K3V& ft&ffi/ n * 1> ## *
DEVELOPMENT OF COST-EFFECTIVE HIGH- 
EFFICIENCY CONCENTRATOR SOLAR CELLS

83000.07071
a&yy 3>*/->y 3y%/#i^&/7'/< y yy

4JPR11 T21 -f

OPTIMIZATION OF ANTIREFLECTION FIUI 
STRUCTURES FOR SURFACE-PASSIVATED 
CRYSTALLINE SILICON SOLAR +

^.Po-yy 3>m/yy ayi/^iB/fil 75 vrxmmte£%&!&&'>}) 3y/,»
83000. 07072 3JP Rll T21 Siffi/tfOTMI fctOtfa y |&£©fc

THERMODYNAMICS FOR REMOVAL OF BORON 
FROM METALLURGICAL SILICON BY FLUX 
TREATMENT

#&yy =y$/yy
83000.07073 4 US Rll T21 "b/3^ F#|r y

AN ANALYSIS OF HIGH EFFICIENCY Si 
PROCESSING

e&y y 3 y%/y y 3 
&mmm/ir'Uxmv-kJW-r'B-b

83000.07074 4JP Rll T21 X&WffiE&tif FtoiBlK

HIGH-EFFICIENCY AND LOW-COST OPTION IN 
THE DEVELOPMENT OF CRYSTALLINE SILICON 
SOLAR CELLS

83000.07074

@&yy 3y %/yy 3y %/i&B,a/#*8
4 JP Rll T21 3#!0$t#37. FWiSiR 

HIGH-EFFICIENCY AND LOW-COST OPTION IN 
THE DEVELOPMENT OF CRYSTALLINE SILICON 
SOLAR CELLS

#&yy 3>%/yy 3y^/i#KA/$K
T-Sm/i^u/yD-tr %&yy =

83000.07074 4 JP RH T21 XtiiWflEtit® 3%%$t#3 7 h C05SiR

HIGH-EFFICIENCY AND LOW-COST OPTION IN 
TIE DEVELOPMENT OF CRYSTALLINE SILICON 
SOLAR CELLS

*aay y = y*/y y=y*/m@a/$e

83000.07074 4 JP Rll T21 X&WfflEtiSf 3i0i%$t#3^F<OiSR

HIGH-EFFICIENCY AND LOW-COST OPTION IN 
TIE DEVELOPMENT OF CRYSTALLINE SILICON 
SOLAR CELLS

jj*,pByyny|/yy=y^/$KA/## solarex+yf.h^lS.ffiyysy
83000.07075 3 US Rll T21 BM/fflE&E <OiMt%67"3'b

THERMAL ENVIRONMENT AND PROCESS 
OPTIMIZATION OF SOLAREX CAST 
POLYCRYSTALLINE SILICON

jSSiPu-yy 3yf«/yy 3y^/ltl%,R/## rrLV'S P C%ICj;3%,%%P^^yy Development of High-Quality P-TypeSi 
^Kgp/t/y/7'3-kW y 3 ynW-CDlMbThin-Films by a New SPC Metliod and its 

83000.07076 4 JP Rll T21 RM&ifi ffl Application to Solar +

Solar Energy
Research Lcboeuf. C.M/Benn ECPVSEC10/
Institute er.J.P S&A 70-72 92.10

Sai toll. T/Kamatak ECPVSEC10/
###!%# 1.0/Iida. S 62-65 92. 10

ECPVSEC10/
at#*#Suzuki. K/Sano.N ±5- 273-275 92.10

Hogan. S/Darkazal ECPVSEC10/
Spire li.G/Wolfson.R RIM] 276-279 92.10

Hayashi. Y/SItiaok ECPVSEC10/
m awa.R 254-257 92.10

ECPVSEC10/
glgy?# Hane. K y# 254-257 92.10

ECPVSEC10/
Sai toh. T yc# 254-257 92. 10

ECPVSEC10/
Ti> J*Takeshi ta.T Rill] 254-257 92.10

Narayanan. S/Terr ECPVSEC10/
Solarex y.J/Brenneman. R Rill] 324-326 92.10

Matsuyama.T/Tagu 
chi. M/Tanaka. M/M 
atsuoka. T/Tsuda.
S/Olmlshi. M/Kish 
1.Y/Nakano. S/Kuw

=#%# ano.Y BIH1
ECPVSEC10/ 
298-301 92.10

/•
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83000.07077 3 US Rll

ftifi,->y =-y$/->y
XR*/tyi//t^a -yiVX

T21 nta##
immm#&yy ay*NMmtyi/am<9 CHARACTERIZATION OF COMMERCIAL SINGLE 

CRYSTAL Si CELL TECHNOLOGY
Sandia National 
Laboratories

Gee. J. M/McBrayer 
. J. D

ECPVSEC10/
310-312 92. 10

83000.07077 3 US Rll

->y ^ yrv-> y = y*/w@a/$m
M/?W aRM/tviVetfa -ytVX 

T2l
mmw&'iRy y => 
nm

CHARACTERIZATION OF COMMERCIAL SINGLE 
CRYSTAL Si CELL TECHNOLOGY

Siemens Solar 
Industries

Mitcliell.K. W/Ald 
rich. D. L/Walle. J 
.R/Grctlein. D.G/ 
Pauls. K. L/Probst 
• R SIU]

ECPVSEC10/
310-312 92. 10

83000.07079 4JP Rll
fefu->y ny*/->y nylMM/T1 &ifi-g-LfcTyprfy7-7X-7J:

T2i am*t/y =yA'&(0#c:y<0lM:
REMOVAL OF BORON FROM MOLTEN SILICON BY 
ARGON-PLASMA MIXED WITH WATER VAPOR JHWBWR

Baba. H/Yuge. N/Sa 
kaguchi. Y/Fukai. 
M/Aratani. F/llabu 
.Y Rdf]

ECPVSEC10/
286-289 92. 10

83000.07080 7 ES R11
y n y®/-> y =? y^/T/w xst

T21 @t/tyi//%*&%
REVIEW ON HIGH EFFICIENCY SILICON
SOLAR CELLS

Universidad 
Politecnica de 
Madrid Luque. A

ECPVSEC10/
233-239 92.10

83000.07081 4 ES R11
*&yy ay*/yy ay*/w#&/f/<

T21 -f xStUV-feyL m%$yy =■ y*RB%%tyLm^^
PROGRESS ON HIGH EFFICIENCY SILICON 
SOLAR CELLS

Universidad 
Politecnica de 
Madrid

Alonso.J/Luque.A 
/Tobias. I/Sala. G 
/Cuevas. A X#

ECPVSEC10/
623-626 92. 10

83000.07082 4 ES Rll T2i ^fn-yy ny$/y y =y%/ti$)tei£® asm

THE PHOTOVOLTAIC EYE: A HIGH EFFICIENCY 
CONVERTER BASED ON LIGHT TRAPPING AND 
SPECTRUM SPLITTING CISE Flores. C HA*

ECPVSEC10/
627-630 92. 10

83000.07082 4 ES Rll T2i *£,&-> y = yrv-y y = 2£l-

THE PHOTOVOLTAIC EYE: A HIGH EFFICIENCY 
CONVERTER BASED ON LIGHT TRAPPING AND 
SPECTRUM SPLITTING

Fraunhofer 
Institute for 
Solar Energy 
Systems

Knobloch. J/Voss. 
B BASE

ECPVSEC10/
627-630 92.10

3te®®*7V : C5i«> t
83000.07082 4ES Rll T21 g^y y =y$/-y V =y%/26)l£&ffi SIC Lfc^gEj^S/j^ro^

TIE PHOTOVOLTAIC EYE: A HIGH EFFICIENCY Universidad 
CONVERTER BASED ON LIGHT TRAPPING AND Politecnica de 
SPECTRUM SPLITTING Madrid

Luque. A/Sal a. G/M 
inano. J. C/Davies 
. P/Tobias. I/Alon 
so. J/Algora. C/Ar 
aujo. G. L/Ruiz. J. 
M/Cuevas.A/Oliva 
n.J

ECPVSEC10/ 
627-630 92.10

83000.07082 4 es rii T2i U = =iy %/%*%% 2£l^LfcMsHMWroiM

TIE PHOTOVOLTAIC EYE: A HIGH EFFICIENCY 
CONVERTER BASED ON LIGHT TRAPPING AND 
SPECTRUM SPLITTING

University of
Reading Dunn. P/Rice. G

ECPVSEC10/ 
627-630 92.10

%&yy =y%/-yy ay%/$%a/$e y*-i:-<-x
83000.07083 4 AT Rll T21 

LIMITING FACTORS IN THE EMITTER AND 
BASE REGION OF DIFFUSED SOLAR CELLS 
MADE FROM CRYSTALLINE +

Universitat Wien 
and Ludwig
Boltzmann Schlosser. V

ECPVSEC10/ 
681-684 92. 10

ISfaizy =y$/-yy =yrV^#Silii/fflE- Silicon-Film (TM) SJnnp
83000.07084 4 US Rll T2I

Silicon-Film Product I: Initial 
Prodution Performance

University of
Delaware Barnett. A. M

ECPVSEC10/ 
302-305 92. 10

Bottenberg. W. R/B 
ragagnolo. J. A/Br 
ooks. D. S/Checchi

&&'>}) =!>%/'>}) =zy$/#jSS/SE SI 1 I con-F I 1 m (TM) $j.m Silicon-Film Product I: Initial . J. C/Kendall. C. L ECPVSEC10/
83000.07084 4 US Rll T21 K^/tyb-ZtS/a-Vl'/TVW .Zliagt ^7'1 : Prodution Performance Astro Power /Lasswell.P,G Bill] 302-305 92.10

ISiin'^y =i^/'>y Si 1 icon-Fi lm (TM) IMA Silicon-Film Product 2: Initial Light University of ECPVSEC10/
83000.07085 4 US Rll T21 /tv^T *.&§]•7*2 : &&KD# h 7 i/T'&Sk Trapping Results Delaware Barnett. A. M 306-309 92.10

Rand. J. A/Ford. D. 
ll/Bacon. C/Ingram

*££, '>y ny$/">y = SI 1 icon-Fi lm (TM) ®!t& Silicon-Film Product 2: Initial Light .A. E/Ruffins. T.R ECPVSEC10/
83000.07085 4 US Rll T21 /r'U t»^7‘2 : b 7 y Trapping Results Astro Power /Hall.R.B RIM 306-309 92.10
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83000.07086 2 BR Rll T21 -by&ffi/fiM&tlj 7’n-by
A LOW-COST DIFFUSION PROCESS FOR THE 
FABRICATION OF SOLAR CELLS

Universidade de 
Sao Paulo Andrade. A. M

ECPVSEC10/
327-328 92.10

83000.07086 2 BR Rll T21
iSfByy =jy£/yy 3^8;/7'p *f®m-feyHls®!rofc«>©{£3y H6to 
-bx&flj/ffiMSffi y'o-by

A LOW-COST DIFFUSION PROCESS FOR THE 
FABRICATION OF SOLAR CELLS

Universidade 
Estadual de 
Campinas

Dias. J.A. S/Avile 
z. O.V

ECPVSEC10/
327-328 92.10

83000.07086 2 BR Rll
&i&-> y 3 >$/'> y 3 >$/#SrS?i/7-D *rSm-t:X1-:SicOfclb©(£S:nX H£!S

T21 7'n-by
A LOW-COST DIFFUSION PROCESS FOR THE 
FABRICATION OF SOLAR CELLS Hober Serran. N. V Bim

ECPVSEC10/
327-328 92.10

83000.07087 3 BR Rll T21

h5M^s,a-yy =%y*m
3$s,-yy =>y$/->y 3 y ^/#$§a/##
P@/tyb/Xo-by&* ©

PASSIVATED SEMICRYSTALLINE SILICON
SOLAR CELLS: THE EFFECT OF HYDROGEN 
PLASMA PARAMETERS

Universidade de 
Sao Paulo

Soler. M. A. G/Andr 
ade. A. M

ECPVSEC10/
290-292 92.10

83000.07088 3 BR Rll T21
#&yy ny%/y y =yrviiwa/zi!ij$ y 7\tm<o7* h
ffflB -y-—7/i/#j^

PHOTOTERMAL MEASURMENT OF MINORITY 
CARRIER DIFFUSION IN DEVICES

Institut
Politeenico do 
Rio de Janeiro Celia.N a&A

ECPVSEC10/
653-655 92. 10

83000.07088 3IL Rll T21
#&yy =y$/y y =yav#a,B,/iim f,wy*0d>&*+ y zimoy* h 
s?fi5 -y-—7/i/#i%

PHOTOTERMAL MEASURMENT OF MINORITY 
CARRIER DIFFUSION IN DEVICES

Weizmann 
Institute of 
Science

Buchner. B/Cahen.
D taaa

ECPVSECIO/
653-655 92. 10

83000. 07090 4 BE Rll T21
fgiS-yy 3y$/yy =y%/#3&,ia/am #eayy a y*m«mt/>-c<oy 9 x
i$ W-tzyb/Xo -by iSE/yy^ yR* -?®ibyy 3yfc7kS7-7X-vrotiZffl

The use of plasma silicon nitrides and 
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*7'v-m\z.&Z>VHtj] K5 9 AH5Sd}£ 
&®%it

VARIATIONS IN THE RESISTIVITY OF
SPRAYED FILMS OF CADMIUM SULPHIDE

Twyford Church 
of England High 
School

Buckley. R. W/Coti 
er. B/Dixon. K/Gal 
lagher. T/Goddard 
,N

ECPVSEC10/
584-585 92. 10

83000. 07133 3 GB Rll T21 2 -6 mwt/T'a-Kx&.ffimm&Wi SEL&tdZS CdTe

THIN FILMS OF CADMIUM TELLURIDE
PRODUCED USING STACKED ELEMENTAL LAYER 
(SEL) PROCESSING

Newcastle
Polytechnic

Bhatti. M. T/Groar 
ke. E. P/Miles. R.W 
/Carter. M. J/Hi 11 
• R

ECPVSECIO/
574-576 92.10

83000.07134 3 GB Rll T21
2-Gifew,/?'cdTe 
it

STABLE HIGH EFFICIENCY THIN FILM SOLAR 
CELLS BASED ON ELECTRODEPOSITED CADMIUM 
TELLURIDE

BP Solar 
International

Turner. A. K/Woodc 
ock. J. M/Ozsan. M. 
E/Summers.J.G SIU]

ECPVSECIO/
791-793 92. 10

83000.07135 3FR Rll T21 2-e saw-bJWtt'mm/7'v -b n-CdTe/p-Te
PHOTOVOLTAIC PROPERTIES OF n-CdTe/p-Te 
JUNCTIONS

Laboratoirc 
d’Electrochimte 
Analytique et 
Appliquee Lincot. D

ECPVSECIO/
581-583 92. 10

83000.07135 3 PR Rll T21 2 - 6 n-CdTe/p-Te
PHOTOVOLTAIC PROPERTIES OF n-CdTe/p-Te 
JUNCTIONS

Universite de 
Montpellier Youm. I/Cadene. M

ECPVSECIO/
581-583 92. 10

83000.07135 3 SN Rll T21 2 -6Sifi/t;k/tf»tt/7'Bt^fe* n-CdTe/p-Te
PHOTOVOLTAIC PROPERTIES OF n-CdTe/p-Te 
JUNCTIONS

Universite
Cheikh Anta Diop Youm. I/Laplaze. D

ECPVSECIO/
581-583 92.10

83000.07137 4 DE Rll T21 cuinse z&mmwm&im

DIFFUSION LENGTH MEASUREMENT AND
CuInSc2-(Zn,Cd)S MODELING OF CuInSe2-(Zn Cd)S SOLAR

Wi? CELLS
Universitat
Stuttgart

Schmid. D/Waldau. 
G.J.J/Schock.H.W

ECPVSECIO/
935-938 92.10

83000.07138 4 DE Rll T21 Cu I nS e

OPTIMIZING THIN FILM CHALCOGENIDE-BASED 
SOLAR CELLS VIA CHEMICAL SURFACE 
TREATMENTS

Universitat
Stuttgart

Klenk. R/Schock. II 
• W

ECPVSECIO/
927-930 92.10

83000.07138 4 IL Rll T21 Cu I n S e 2S/ffiffi®i/-feyu
X Z> iWE* y v n V-T4 K

OPTIMIZING THIN FILM CHALCOGENIDE-BASED 
SOLAR CELLS VIA CHEMICAL SURFACE 
TREATMENTS

Weizmann 
Institute of 
Science

Cahen. D/Engelhar 
d. T/Moons. E S&A

ECPVSECIO/
927-930 92. 10

83000. 07139 4 DE Rll T21 CuInSe 2^/ynt^KW
H2Se Cu-In EdtoESIffilz
\s's\t

LOW PRESSURE VAPOR PHASE SELENIZATION
OF Cu-In FILMS WITHOUT H2Se

Universitat
Stuttgart

Kessler. J/Dittri 
oh. Il/Grunwald. F/
Schock. II. W

ECPVSECIO/
879-882 92. 10

83000.07140 4 DE Rll T21 CuInSe 2rV7‘D-fe^8i®/-byV CuInSe2 r'U X

A NEW COEVAPORATION/SELENIZATION
PROCESS FOR HIGH QUALITY CuInSeZ
DEVICES

Universitat
Stuttgart

Dimmler. B/Conten 
t. A/Schock. H. W

ECPVSECIO/
875-878 92. 10

83000.07141
Cu I n S e 2f;/tmMffi/7-n-fc*}£ 

4DE Rll T21 #/t/>

y K (M4)
Cu(In/Ga)Se25Sl|K® k d~r n^-g-ICjS 
IJ5

PHOTOCURRENT TRANSPORT IN 
HETEROJUNCTIONS WITH GRADED
Cu (In/Ga)Se2 ABSORBERS

Universitat
Stuttgart

Menncr. R/Waltcr. 
T/Schock. II. W

ECPVSECIO/
787-790 92.10

83000.07142 ODE Rll T21
cu i nse2MM/^^a-yu/:±mmt<D

THIN FILM COMPOUND SEMICONDUCTOR SOLAR 
CELLS: AN OPTION FOR LARGE SCALE 
APPLICATIONS?

Universitat
Stuttgart Schock. II. W ±tf-

ECPVSECIO/
777-782 92.10

83000.07143 3 DE Rll T21
Cu I n S o 2%/##;m/7"ot^R
Wlzyi^

Cu I n S e E&IMmiCkljaaUgt
L-CdZnO##

SPRAYED ZnO THIN FILMS AS OPTICAL
WINDOW IN CuInSeZ BASED SOLAR CELLS

Universitat
Stuttgart Ruihe.U ±>4-

ECPVSECIO/
613-615 92. 10

83000.07143
C u I n S e 2 &/####/7'c txS 

3FR Rll T21 W-feyV
Cu I n S e 2k 
LX<OZnOr$m

SPRAYED ZnO THIN FILMS AS OPTICAL
WINDOW IN CuInSeZ BASED SOLAR CELLS

Universite de 
Montpellier

Belghit. K/Subhan 
. M. A/Duchemin. S/ 
Bougnot. J "krfc

ECPVSECIO/
613-615 92.10

z-
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hilflffil^lj-axf EPITAXIAL EFFECTS AND DIFFUSION IN Univcrsitat Walter.T/Schock. ECPVSEC10/
83000. 07144 4 DE Rll T21 CulnSe 2 =fr •>A- £ feIR POLYCRYSTALLINE CHALCOPYRITE THIN FILMS Stuttgart II.W 917-920 92. 10

Zentruw fur 
Sounenencrgic

hMIC*5l)'5 = b‘ EPITAXIAL EFFECTS AND DIFFUSION IN und Wasserstoff- ECPVSEC10/
83000.07144 4 DE Rll T21 Cu I n S e 2^MMlktttlk POLYCRYSTALLINE CHALCOPYRITE THIN FILMS Forschung Dlttrlcli.il RIW 917-920 92. 10

RECENT ADVANCES IN SINGLE-JUNCTION AND
Cu I n S e 2%/m^UWt/^^-JW CuInSc2l|l#-&j3 S? a. TANDEM THIN FILM MODULES BASED ON ECPVSEC10/

83000.07145 4DER11 T21 y'P-feTtfeffi CuInSe2 Siemens Karg. F B|U] 783-780 92. 10
RECENT ADVANCES IN SINGLE-JUNCTION AND Eberspacher. C/Er

Cu I n S e CuInSe21ttf££:}3 J:T>'^ yr TANDEM THIN FILM MODULES BASED ON Siemens Solar mer.J/Fredric.C/ ECPVSEC10/
83000.07145 4 US Rll T21 CuInSe2 Industries Jensen. C R|H] 783-786 92. 10

Fearheiley. M. L/D 
ietz. N/Schcer. R/
Kanis. M/Fiechter 

Bereiche .S/Brubler. M/Dzl
THE DEVELOPMENT OF CuInS2 SINGLE Photochemische onk. C/Metzner. 11/

Cu InSe2S/W3fI/7'Dt^S ±H5*%®rSfflCOfcto©CuInS21|i|SiPufc- CRYSTALS AND THIN FIUIS FOR Energieumwandlun Migget. H/Leweren ECPVSEC10/
83000.07146 4 DE Rll T21 J:0=^©BHIS PHOTOVOLTAIC APPLICATIONS g z.H.J RUB 586-589 92. 10

83000. 07147 4 YU Rll T21
7*^7 77.'>D 3 y$/->D 3
mm/T'V xfagi-

a-si©^/s®® t /Mg-g-lc J;
<omm

RELATION OF SMALL SIGNAL TRANSIENT 
RESPONSE TO DENSITY OF STATES IN a-Si

University of 
Ljubljana

Furlan. J/Basanez 
e. E/Smole. F

ECPVSEC10/
177-180 92. 10

83000. 07148 5 CH Rll T21
7A->!)3 yrV-> V = ypR/# VHF-GDTW77^'>y nyroi; MICROSTRUCTURE AND STABILITY OF VHF-GD 

AMORPHOUS SILICON UNDER ILLUMINATION
Universlte de 
Neuchatel

Shah. A/Brechet. M 
/Mettler. A

ECPVSEC10/
196-200 92.10

83000. 07148 5 CS Rll T21
r^e/t-7 zxyy = y^/y y = VHF-GDTW77^i'y =y©5 MICROSTRUCTURE AND STABILITY OF VHF-GD 

AMORPHOUS SILICON UNDER ILLUMINATION

Czechoslovak 
Academy of 
Sciences

Vanecek. M/lloloub 
ek. J

ECPVSEC10/
196-200 92. 10

83000.07149 4JP Rll T21 CulnSe 25T«/7-B-bXticto
•®»®sst@jJ‘6>*5#®©sawr=- y
yyiCj:c-Cf#@l UkCuInSe2##

THIN FIUIS OF CuInSe2 PRODUCED BY 
THERMAL ANNEALING OF MULTILAYERS WITH 
ULTRA-THIN STACKED +

Nakada. T/Yuda. K/ 
Kunioka. A yc#

ECPVSEC10/
887-890 92.10

83000.07150
CulnSe 2 t %%$*%%%© %»©CuInSe2#m©# STRUCTURAL PROPERTIES OF CuInSe2 THIN

4 JP Rll T21 Stott FIUIS FOR HIGH EFFICIENCY SOLAR CELLS

Fujisawa. H/Ihara 
. T/Sato. H/Hama. T 
/Ohsawa. M/Ichika 

ffl wa. Y/Sakai. H RIB
ECPVSEC10/
904-907 92.10

83000.07151 4FR Rll T21 3-5 ^sa:n-/7,D-b^stB
n©Al (. 32) Ga (. 68) As—pMGaAs^ o % 
■Stefi-rzncir-X'< 7

A TTC2 DEVICE WITH A
nAl (0.32)Ga(0.68)As-p GaAs
HETEROJUNCTION

Institut 
National des 
Sciences 
Appliquees Laugier. A

ECPVSEC10/
659-562 92.10

83000.07151 4FR Rll T21 3-5
nlAl (. 32) Ga(. 68) As-pgVGaAs^T a % 
^-&^t6TTC2T/'W^

A TTC2 DEVICE WITH A
nAl (0.32) Ga (0. 68) As-p GaAs
HETEROJUNCTION Universlte Lyon

Mayet. L/Gavand. M 
/Montegu.B

ECPVSEC10/
559-562 92.10

83000.07152
3-5 xstgt/yn

3FR Rll T21

GoAs*Mifn;to±(09?iai&'to3: f^^r-y- GRADED GA(l-x)InxP WINDOW ON GaAs SOLAR 
fiSSICj:5Ga(l-x)In(x)P©^y—K CELLS GROWN BY ISOTHERMAL LIQUID PHASE 
& EPITAXY

Institut 
National des 
Sciences 
Appliquees

Soumana. Il/Gavand 
. M/Mayet. L

ECPVSEC10/
556-558 92.10

83000.07152 3 FR Rll

GaAs^MS^ro^iaBS^f GRADED GA(l-x)InxP WINDOW ON GaAs SOLAR
3-5 /W fifcSlC <k 5Ga(I-x) In (x)P© ^ Iz-t y K CELLS GROWN BY ISOTHERMAL LIQUID PHASE

T21 A EPITAXY

Technical 
University of 
Lublin Olchowik.J.M y#

ECPVSECI0/
556-558 92.10
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83000.07153 4 FRR11T21 3-5^/###M/tyl,

GaAs/Si*Mh!l-Si<0±|C.E8E&dl/N± GaAs ON Si SOLAR CELLS : PHOTOVOLTAIC 
tflU]^y7 7@Sfl45A/-CticS5-ti:fc CHARACTERIZATION OF GaAs GROWN DIRECTLY 
GaAs<0±R&*#%#f± ON Si AND WITH + CNRS

Vilcla. U. F/Lcycu 
ras.A/Freundlich 
. A/Grcnet. J. C/St 
robl. G/Leroux. M/
Neu. G/Gibart. P/V 
erie. C IS&&

ECPVSECIO/ 
798-801 92.10

83000.07153 4 FRR11T21 3 - 5 KS/ttffiW-feA-

GaAs/Si*M?dl-Siro±l^EiS&;5V'tt GaAs ON Si SOLAR CELLS : PHOTOVOLTAIC
CHARACTERIZATION OF GaAs GROWN DIRECTLY 

GaAs<D*K##%#t± ON Si AND WITH +

Institut 
National des 
Sciences 
Appliquees Bremond.G

ECPVSECIO/ 
798-801 92.10

83000. 07154

Design and Measurement of Technische
AlGaAs/GaAs^C|lSfBJl!l-fe;KOfcl6<OEt5tES Antireflection Coatings for AlGaAs/GnAs Universitat 

4DER11T21 3 - 5 Itti/T'U aSMt/iWHEM/tVt/ ihfKsWSH-ifflg Solar Cells Berlin

Nell.M. E/El- 
Ankah. Z/Eschrich 
.H/Lin. D. D/Nisch 
vritz. G/Reinicke. 
B/Wagemann. H. G

ECPVSECIO/ 
545-548 92. 10

83000.07155

Comparison of an Analytical and a Technische
GaAs^C|SB®?l!l<yttfill^BQ"f"5fi¥tlr;E"7yV- Finite Differences Model Referring to Universitat 

4 DE R11 T21 3-5GaAs Solar Cell Performance Berlin

Eschrich. H/Bruns 
• J/Nell.M. E/Rein 
icke. B/Wagemann. 
H.G

ECPVSECIO/ 
549-552 92.10

3-5 ^K#h/7'D INVESTIGATIONS OF EMITTER
83000.07156 4 DE Rll T21 LPE GaAs^ffifUfllicO^ $ yf CHARACTERISTICS OF LPE GaAS SOLAR CELLS

Fraunhofer- 
Institut fur 
Solare
Energiesysteme

Welter. H/Bett. A/ 
Ehrhardt. A/Wettl 
ing.W B&A

ECPVSECIO/ 
537-540 92.10

PHOTOVOLTAIC ACTIVITY IN THIN 
POLYCRYSTALLINE GaAs FILMS PRODUCED BY Battelle 

3DERI1 T2I 3-SjK^/##!W7'ot^KW GaAsKKO###* ION-ASSISTED DEPOSITION Institut83000.07157
Bonnet.D/Oclting 
. S/Luke. U Elifl

ECPVSECIO/ 
553-555 92.10

to
-o

3 — 51zyti£®/  ̂ Cost Perspectives of GaAs Thin-Film Utrecht
83000.07158 4NLR11T21 b'AVt GaAs#l%±iy%fB%(0=z^ HElM-f SJKSl Solar Cells University

Alscma. E. A/Cuele 
naere. R. F. A/Turk 
enburg. W. C

ECPVSECIO/ 
563-566 92. 10

83000.07159 4 NLR11T21 3 - InGaP
9 : InGaP a promising material for tandem

solar cells
University of 
Nijmegen

van-
Geelen. A/Hageman 
• P. R/Gnbrielse. W 
/Oiling. L.J

ECPVSECIO/ 
541-544 92.10

83000. 07160 3 GB Rll T21 3-5 K^/##3?#/t/l/
LDS^HJfSilil- j; 9 U'T
yc-f-
LDS±%%m- j; 9 U'7

THE LDS SOLAR CELL- A NEW APPROACH TO 
HIGHER EFFICIENCY

Imperial College
of Science Barnham. K. W. J/Br
Technology and nun. B/Nclson. J/P ECPVSECIO/
Medicine axman. M 104-106 92.10

83000.07160 3 GB Rll T21 3 - 5#^/##3?@/tyl/
THE LDS SOLAR CELL- A NEW APPROACH TO 
HIGHER EFFICIENCY

University of 
Sheffield

&m=;yf f hSiOxS y^-SrfSo 
3 - 5BR/9VW ^RM-/t/l//yot^ GaAs^KJfBMlI-ItKfUStcO 

83000.07161 4ES Rll T21 AW

Button. C/Roberts 
■ J.S

ECPVSECIO/ 
104-106 92.10

SHarzy#'* M!(03:5 
3-5R%/f/W ^S$8i/-tz/v/yn-lrx GnAs±RB%%l^jdIt6>/■< Hr- KtSolE© 

83000.07161 4 IT Rll T21 K#A?Vr

ANALYSIS OF TIE DIODE CURRENTS IN BACK 
CONTACTED EMITTER GaAs SOLAR CELLS

Universidad Marti. A/Araujo.G
Politecnica de . L/Algora. C/Maro ECPVSECIO/
Madrid to.J.C 794-797 92.10

ANALYSIS OF TIE DIODE CURRENTS IN BACK 
CONTACTED EMITTER GaAs SOLAR CELLS CISE Flores. C mm

ECPVSECIO/ 
794-797 92. 10

83000.07162
Cu I n S e 2 ^/-k/>/e^3. -/>/## ^6M&#K<OCuInSe2(OT/W

3 us rii T2i sm/amBW/meim
TIE EFFECT OF LOCALIZED DEFECT FEATURES 
ON CuInSeZ DEVICE PERFORMANCE

Siemens Solar 
Industries

Willett. D/Aldric 
h.D/Chesarek. W/M 
itchell.K mm

ECPVSECIO/ 
939-941 92.10
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83000.07163 4 US Rll T21 CulnSe 2

INVESTIGATION OF THE DEFECT CHEMISTRY Case Western 
DLTSil6KJ:5CuIiiSc2lil#SiPn4iro^|ifiro OF CuInSe2 SINGLE CRYSTALS BY DLTS Reserve 
8K MEASUREMENTS University

Holler. II. J/Rodak 
. E. M

ECPVSEC10/ 
913-916 92.10

83000.07164
cuinse zzkmmmmmm/?

5 US Rll T21 n-feX&ftT

1®?- :CuInSe2|r*5lj-<5X ATOMIC LEVEL STUDIES: NANOPROCESSING Solar Energy
AND NANOCHARACTERIZATION OF DEFECTS IN Research 

4—!1 if — i/gy CuInSe2 Institute Kazmerski.L. L S45tSt
ECPVSEC10/ 
908-912 92. 10

3 - 5 km/ttniw^'U
83000.07165 2 JP Rll T21 /y P-brt}£WiJll]£Mi

MOCVDICJ: Dli)$fi5-tirfcGaAs/Si^-y y GaAs/Si MONOLITHIC 2-TERMINAL TANDEM 
SOLAR CELL GROWN BY MOCVD

Umeno. M/Shimizu. 
H/Egawa. T/Soga. T 
/Jimbo.T

ECPVSEC10/ 
1418-1419 92.10

83000.07166 4 USR11T21 3 - 5

Improvement of Device Efficiency By Solar Energy 
iWWl&ftto&PfOyd" hyUS^tylzyx Time-Resolved Photo luminescence Research

ytSJj$10)|nJ k Measurements Institute

Ahrenkiel. R. K/Kc 
yes. B. M/Dunlavy.
D. J/Kazmcrski.L.
L m&ic.

ECPVSEC10/ 
533-536 92. 10

83000.07167 4de rii T2i /yb-b

Z7 Hr uyfcmzk y THIN FILMS OF MoSe2 AND WSe2 PREPARED
LT©MoSe2fro*jJ;0: BY SOFT SELENIZATI0N AS BULK MATERIAL Universitat 

WSe2rtto$ FOR SOLAR CELLS Konstanz

Waldau. A. J/Lux- 
Steiner. M/Bucher 
• E

ECPVSEC10/ 
597-600 92.10

83000.07168 4DE Rll T21 /HJSMi

PREPARATION OF CdSiAs2-IIOMOJUNCTION
CdSiAs2K)*e%'&±|#fB#(0!BH1;Z:f(Z) SOLAR CELLS AND ITS ANISOTROPIC OPTICAL Universitat

PROPERTIES Konstanz

Baumgartner. F. P/ 
Schweikardt. H. P/ 
Bucher. E yc#

ECPVSEC10/ 
590-593 92.10

83000.07169 3 DER11T21

^ y yyX'vK Thin Film Preparation of FeS2 (Pyrite) 
■?:Ofl!lW4/#ffi¥ffi/yB-ir^fe®/ill'l^ fS,MOCVD, X7‘U-$W}ffi\Z£Z>s<4 54 by Argon Sputtering Plasma Reaction

F (FeS2)M©iM MOCVD and Spray Plrolysis
Halm Meitner 
Institut

Hopfner. C/Ennaou 
i.A/Lichtenberge 
r. D/Birkholz. M/S 
mestad. G/Fiechte 
r. S/Tributsch. H RIM)

ECPVSEC10/ 
594-596 92.10

eo
00

A/y B t '<4 B J; 5 Sn02:F® MSn02: F TRANSPARENT CONDUCTING FIUIS
83000.07170 4 KR Rll T21 M PREPARED BY PYR0S0L DEPOSITION

Korea Institute 
of Energy and 
Resources

Yoon. K. H/Song. J.
s saa

ECPVSEC10/ 
942-945 92.10

ZnO TRANSPARENT CONDUCTING THIN FILMS Laboratoire des 
4b DEPOSITED BY ULTRASONIC SPRAY PYROLYSIS Materiaux et du 

83000.07171 4 FR Rll T21 W/##:WyB-b^B#/-b/l, 7bZn0mM%%## FOR SOLAR ENERGY +Genie Physique Joubert. J. C
ECPVSEC10/ 
605-608 92.10

ZnO TRANSPARENT CONDUCTING THIN FILMS
ilSSi&xyW KJ:y/$B!5S4L DEPOSITED BY ULTRASONIC SPRAY PYROLYSIS

83000.07171 4 MX Rll T21 tZn0@M#%%# FOR SOLAR ENERGY + CINVESTAV-IPN Silver. A. T y#
ECPVSEC10/ 
605-608 92.10

SOLVENT EFFECT ON ZnO THIN FILMS
83000.07172 4 FR Rll T21 a*byb fcZnOitfffiB^W^I©^® PREPARED BY SPRAY PYROLYSIS

Laboratoire 
d'Electrochimie 
Analytique et 
Appliquee

Guillemoles. J. F/
Lincot. D/Cowache 
. P/Vedel. J IS 41At

ECPVSEC10/ 
609-612 92.10

83000.07173 4 DE Rll T21 @%%W/###@/yB-b^K^/-bybZnO:A#BR 

HIGHLY TRANSPARENT AND CONDUCTIVE
Zn0:Al THIN FIUIS FOR PHOTOVOLTAIC Universitat
APPLICATIONS Stuttgart

Mauch. R. H/Schock 
. H. W

ECPVSEC10/
88-91 92.10

INTERFACE RECOMBINATION VELOCITY OF
EBICkjtoiSf&tiitiitel;: J; 9 StitSil-S Al/WSe2 AND Zn0/WSe2 SOLAR CELLS Universitat

83000.07174 4 DE Rll T21 &W%fW&/#PilW:r^4 Al/WSe21 ZnO/WSc2±BB7g%K)RK4-i3i0 DETERMINED BY EBIC AND LIGHT +Konstanz

Vogt. M/Friemelt. 
K/Lux-
Steiner. M. C/Keil 
. M/Reetz. W/Buche 
r.E yc#

ECPVSEC10/ 
601-604 92.10

83000.07175 4 RUR11T21 3 - 5 yb

A. F. Ioffe
CONTACT-FREE LUMINESCENT MEASURING OF Physico- 

(n-p)GaAs-pAlGaAsycEBfS?&-,^7y —&<D (n-p)GaAs-pAlGaAs SOLAR CELL’S Technical
PARAMETERS Institute

ECPVSEC10/
Rumyantsev. V.D S4tSt 115-118 92.10
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A MODEL FOR HE DIRECT BIAS C-V
y-^ylz?-/*'>!) 3>$/'>!) 3VS/M a-Si:H P-I-N MEASUREMENTS ON a-Si:H P-I-N SOLAR Universita La

83000.07176 4 IT Rll T21 ffifto/iH'JSSf to/7r/<-1'^SSIF T CELLS Sapienza

Caputo.D/Ccsare.
G.D/Irrera. F/Pal ECPYSEC10/
ma.F 184-187 92.10

ytvL? r*-> l> = >W'>V => y^vvy 7 -yucogeStoragiK accelerated stability testing of
83000.07177 3FR Rll T21 SM/5t%<b S& AMORPHOUS MODULES Solems

ECPVSEC10/
Eicker.U KIW 358-360 92.10

y^EvUy 7;v>y n Vl/-> y = >%/# STABILITY OPTIMIZATION OF a-Si: H BASED Phototronics
83000.07178 4 DE Rll T21 a-Si SOLAR CELLS Solartechnik

Lcchner. P/Rubcl. ECPVSEC10/
H/Kniffler. N SIW 354-357 92.10

CHARACTERIZATION OF a-Si:ll BASED PIN
T^J^y 7 ^y = y =1 y$/tt K5--V CELLS BY SUBBANDGAP PHOTOCURENT Phototronics

83000.07179 4DE Rll T21 a-SI:ll pin@;±M%(D#^ SPECTROSCOPY Solartechnik

Rubcl.H/Framoels 
berger. W/Geyer. R 
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mstztA&a=>>?? h/v -y r©7 4 7#-»t#nf ac6T@Tm*a. n-g-mv-r 7#-m 24 T7V-%mt&7 
< 7^-^6©##© 1/4RTc-c#a. a^Aoam&jg^f ay=&;:/<y 737/7

8300 0. 06018
(1) mem
TiO(x), Ta205, MgF2, Si02 ti6s M<0#W»it3-f< 7/6 UT^l^tlT§*0 

[RLhS-tira/xifrCA -7 V 3 7*^-E7ifc©±(rS® * a 1 '(i ~J13 - hT#m$flTl-<a. Si3N4 fi< SiH4 t NH3 ©/□ -ffi
m:J:o#@m$a6U3#A^3, 7v37*R&m%©s#RukjK6u-ceeafrcua. ^E^-eitx mtna siH4/NH3 it 
r pecvd &CJ; o mm btz si3N4 m©#%*#efa.

c 2) mem#
M^a S1H4/NH3 JfcT PECVD Sirj:D±6®Lfc Si3N4 #©, WWsJ;Cfg#©f - 7 L,tz0

c3) E^%m•am
Si3N4 ©JEM* SiH4 t NH3 ©&$£ 1.6^6 2.5 a C 6Tm#^^T#T&a. Ziz, ##U^m©a*$*Ml=±#

< "ihaWfc"J6BXSao cfcoT/SSf^-S-®]®!"#-aC6J:(C##^SE#(gradedrefractive indexa)#<&#aU%
mk-#-a$^pimx&a. me siH4 6 nhs ©/n-amicia si3N4 ®mm&,
^-7&&au *nmfti©#tt^@cs-/a=

8300 0. 06019
CD m%m
/\f-c#&©mm3 -/^ 7/cj;a*^mm##©%m(=-3is^wsMtiSfiTi'a, cc-rit. ^^x^^-sis-7

V 3 7*R%%±|: a-Si:H 5-3- h L^##©%m<&M^a.

c 2) msm#
W©^?-SiS*Bm?6±(C a-Si:H &#@l/T p-n . 36 ©tVl/ERrOy-7-/<$/!/

(c-D(,>T®^mt)^"t= -en-en©-bvi/{r-oi>T, s^sijs, /<y7<-7 3 7^m, EBicaiJs©sm^-r=

c 3)E%#m•am
a-Si:H£3-7N 7/U^f7 I(SQ)(i 7-15 %#:U^:. C©&!,#*LtAX©tVl/

x \($c)<Dmutimmsitfz0 x-,x, c©^&(±$-z@xtvM$#*m±-#-ac6#x#a. /□
#ac^A^#x*a.

8300 0. 06020 
Cl) E^Bto
-fe;p©-y--r77/i^ 0<©pvsm^BBit!'amLfcr-gexsa= 0<©pvt-73.-vi/^sxgTiiv—^



LfrLZCDigi&Kli, -t?;U©MM. @mS?0#<b#©Pm#&0, hfiOiR
&&3K. V o >*^-m?6©a%&9-9--f

(2) w%m#
Sr U V y^SB©S©Tlf-f „

(3) • am
c©gB£{£m UfciM -^y^-Clix E«3J®rB© SEM ¥K;S'<£>, c©#B&#mf3 67

-a7/i/«k0@rB©^SS*#%l:v-^Tyi^Wwtk-Bx^-f fcfy^®Jtigb6'6, 
isu%itza

83000. 06021
(1) W5SS&

py v 3>/u3©%a©m%©*mi±#;#i=mBT63. ##©^%L\ Sri,(,'###&
-DSEg©^i6^M%-t-B=

(2) mm#
u yfu / yyf yi/^ h >(&nBK)fcmm?&$f=a om*©a&&2-fa. SrU'®R

u/c0 m^mg^mf '-c. 193.7 nm ©#%mc % %aa& a
s.

(3 > m&mm • am
C©m$rJ:5SkS©^ai®S CtfcffiTPS) li 60 ppb ~C$> 0 ■> 2.2ppm $T<-y^0&S!ll=%9. •>'J 3 >tO-®65fi:Wt

8300 0. 06022
(1) m%sw
a^Mijj;iyfm3feM©g®®^(n+)-p-(p+)-> v 3 >*m%%©tf=v

(2) mm#
c©e-f;l/^, ^a^n*p^-x©«-?li(n+)-pig#lcj;oTiRm-e§. BSlc*-yHip-(p+) ({SzSS-^S) ## 

tcJ:TiRSTS56^9®$ICS-3X'Tl'^o <-X##A<@ly^vbe^Tti^-ybiKSliMTs-E,^ iS 
ifi:/^o U^;b^T'(i. iS^g-iSzggg#yl/iKS®-bv^m5fc^©^<r, p-(p+)M^i®ct&
D5t<-xMi&ZWity-5 Dember @E©%E~©##t. Sii1-MW£>5=

SfcC©^&7=yl/T'l^ tvL#@/<7^-^(V(oc), J(sc), C.F., eta)®##;K «k 1^7=/WX/<? / - ^V
U5.

(3) Bf%#m- am
<-xisu^;m^T'fj p-(p+)@i#g-ig#g##©m-?yo 

a*75<^#l:%0. f V (= j:6m%tS^WK)(:AD6.
C0t7=yi/(Cj: o (WLI*30W/cm2T'28.6%) < s •> V 3 y

±K&%%K%©i@#(=#l/<4"X/<?/-^^ZiC^SSiLnif, J: D Kl.«©S^#StlS £$§# £ tlS=

83000. 06023 
Cl) W52SW
»m©®3x h •> v 3 >##&#a/:&(:, a^^BBav v 3 w >3'v h©sf

(2) E9EA#
yyyr'f \">- HT^euta-gm© (%o#um%) aadtifc^8i->■; 3w >iy bttfanmft

-fk&(Cj:Daa^4±y=. C©KSI± National Physical Laboratory UfX b ©SJSyFJ £ LTB< 3
-f-r y^&muTma^ji/:.

c3) E%sm-am
mo^u-cmm-c#ayvx%-c msTew-y v 3 w y3> h^afa, coMt-Mb

&0*&ai/V3yi'y=f7 c©g#(:j:D. #S^#RK-W^%©m#K##mf
zztftaimtte^ize #m©3% >3'v h©3x #g©#$jmi±*mm%m©#3x h -> u 3 >$
iS*#-53tfc©*tn£'i'>'<9 VtteZiiho*

8300 0. 06024
(1) wnm
f&a0ambda)@a©*IBX/<^ h;K -?t£t>% 0.75 < lambda <0.90 micron Ij"%-kyl/©^%#g##/&mC "'T^ v V 3



>*»««&©'< -x««©3>8* + ') 7iH&fi(L)*ftS-f 3Sr U'#8s*M»f 3.

c 2) sms
C0^Tfe**t»8fi^>3tffia4$tt(MWSR)i£«ki¥i<K SC'^-XJS(d)ftt*>t d/L < 2.5 ©##CfeiSffl-C#S. MWSR&T 

{4*»g!frftffiS#tt(MWSR)fr&&&ft3*/l/©ttSfi3:3Ms Q(ext)&, lambda ©M8T&3 $/ V 3 >©%SRJR^8 
alphaQambda)** (-1) |:#LT7°Oy h73. wO^ifeKJ: »K L £-fe7U©<MS* + ') 70&WW&&&& S(B)U:E@1-3 
alphaClambda)** (-1) #±C, JE09Jlt L(MW)£#3, U
3C£-e, S(B)<h L©<IET§3€^^toiCSEt)3WCS3= l<d£<2.5©^ L(MW)©-fgl4L «fc 9 8%^±*S < £3 
C£I4&C'0

( 3 ) 0f%%# •
LWSR STIiSil/gTstic >d/L<2.5 ©BfrcaiSHFffifc MWSR &&G88 l/fc.

8 3 0 0 0. 06025
Cl) 0F&BM

c 2) @f%ms
0#^ ■> V 3 1 81>% - bfco

c 3)m%&&•
yU3>*|#@%©%$(4#BayV3>*#%*(:jiy<-C3WW2.0-2.5%#i61\ - 

UO&tiL-izJl'frt: 9 ME 10 x 10 cm ®#^8Bsy- V 3 10 cm ©##&:/ V
3i$i3'^bfrifca :©m^> &&&'>')rt9-ft^wcix%'o\%.-37. h
■e* 3 £ t' -5 fij * rt< & fc £ £tl3$;6<$gB § tifc.

8300 0. 06026
(1) E%BM
METKEM SILICON LIMITED T'(4, •> >J 3>^gcfetf 3*x*^-CM-r30F3EMIS*ff l/8»T*fc. “-oOM<£3 

IfrlSj^OTT-n-^ £Ox.*Jl'¥-%im0Mt'*SaSJESS©Mai^ »U'S&©«ACJ:5EI6®£^©«
Cft6--3®3?ft©«8l*a^c3o

c 2) m&em •
10 TP A ( b >/#) '?=£B©Sll;6<&t, -,izZ m5Sg©BMMf6SS©8#©gjEA#

JSC##UTt'3C £^3fl/:. £B»T?*3i*yl'4i-Sfi©l!l«fcfrtt9ajS3*ifc. PC trS-d<ZLSf&im

0%Ai/V 3 >SI5^©#*'Xf©mcbxm&TCS cm#LT#E47'Xf © TCS Jt$^mo$-U-3 
110 TPA SSF©E3-S-t)-ii:fcJ: 9 45 %WWc0

8300 0. 0 6 0 2 7
CD 0f%mw
f##f©X fc:>iSS(SD: Spin-Dependent)^ 14, 30 SD &(4%fX kf>#%(ESR)

6M Cm^©##&#^3^, ESR«4 9#Sir®S*<S<, ##%T637t6^#X)#@T&3. 0###X k: 7###m^7tvl,
7 y X •> 'J 3 > p-i-n *#%*l=W3m&&f'C'©m%f=l&mf3 C £<^## L/C,

c 2) #ms
7^1/7 r X •> y 3 7. *63 6 l:^IS©*IB%%© SD 'T&M®K£ 603.

c 3) m#§# • a*
X b°7,fiic^'(H'-^-(4, "Large-field line"<t"Low-field line"©—-3©s2j)-(C^-l4 <3^l30 p-i-n ¥4'%— K"CI4 Low-field line 

|:A#(,'©C#LT, ^%©mt^<;l/^##m?l4 Large-Geld line ^E%?&3. C©#(4, K©BESm
SSE*<fl!t '^it'KSESftTt '3^i.St»tl3o

K*@©4:A©^mw%^&t#x.,*B%%/<*vi/©aa%aa7'x b&£ LTau3c£^-c#3.

8300 0. 06028 
Cl) m%BM
*»83tiS«*(Solar thermophotovoltaic : STPV)->X7A|4, 43Stl'SE8X<^^ HHC

^x3ciT, 7 4* h K-7°©j?t' h-y7p-Ji<t, K-TWhAn-JifrS
*383tie«*CrPV)Si -b;l/K-3t'TlftSW3.

fj" B — 7



(2) ems
0 7(054 7*4 J*<D§$&£LXPFti5L±0

( 3) W5£&m • am
SiTPV -irvl/(i, AMI <tx K- h’y^S 10**18

cm** (-3) x V'S’J9-i A 10** (-5) S ©B3\ SA%6$62%^#btlfcc ## 30%^< <4 0

(4) £&ft$<D3j£
TPV tvl/

: 62% CSA) -30% (3&B)

8 3 0 0 0. 0 6 0 2 9
Cl) BffiSft
ES®JS£ h-7-C KK* PECVD grcaSS-tK *> V 3 >*R%%±"C© ■> U 3

y±^ F^-f KROSItRFihn—r-r

c 2) msm@
•y V n y^ KES->5>s 7>^-T> PECVD SiTaSS-tifco ##/<-?/

Sr^fc&K*-S&mKoi '%## C/to

c 3) ms#m • am
SUP 500-1500 angstrom T'WP# 1.85-2.2 F7-Y FffiU0<#6il4:„ Cftb©#&#%,%& =4CF0

SiPaV V 3y A###X(cg#R±#6 Urn- h \yfztzh-. y V 3 y-izyl/T28 %, ##^-kyi/T is

8300 0. 06030
(1) W5SSW
a-SiC:H 14 a-Si:H *ESto©S®S@<t CT#*#'##?&&. K- LTI4^il@Sf(r K~^°> YffttM*.*

<Oi)<--%imifi\ -Yxh>EAftC®5= C^La-SiC:H -x©d'^>EAICM-t5E%l4s/tEbiLT^6= *We(47v<-1,X£ 
%© a-SiC:H#(: B& 10**19, Si,'(4 10**20cm (-3) -f^y&AU

c 2) msme
^'VxSK©a-SiCflJRKB*10**19. St.'{4 10**20cm (-3) -Ct^AU -57t&bl=7--;l/

%### c%a#m, i»jw (###$) ^mm?F-tfyyu/=m©#m6JtRut.

c 3 > maem • am
E(g) %2eV© a-SiC:H #(: BZJ* >SA CTBa$ 4l6 AR§ 147- - yl/T§g#M C @#"7 5. ##:&<4

^f57--yi/ssi4 25o -soodeg.cT, si«gg<4 9 *>ei-\, $vb

c'o s$iJwifs©^K 4* y&a©s-£k: w/fs < nc r, fco

83000. 06031
(1) E55AS
#&©a###©@±Ti4. ^ u a xc©mm^& e, ^ ax@©A# < %=# c-ci/^, *®fs

6 ok -P jke%±-f/<-<XT&6. C©g#|:4;l45#$6x
£;M3IgT'©4W@3: 914, #(:x XE £ -hryF©-5„

^#b©@3% h ?v tyi/Aa?^ >T(4. ztiz'tKDxmmmco&t)o fa 
m'&Ai%#Bf&#A-#-6cai=aact:. /n°u- F y 7 #m-c&^c©
l=mU7to h^Alfc.

c 2) W5&&m • am
A^mfifc(4XEirAS < fc&Sti-B/K -Er©XE&$J0LiljS-fbX^^icaS) UTto C©$I4. 3X F8mttf&ffl&J&Ltefr

6% -feyux6$©@cgic^<5= 7 y^A V -X x y y 3 y u<rH4 25 5 %izffi'J? Ufc0

8300 0. 06032 
Cl) E2EB8-J
y y F'-7“a-si:H y3 y Y^-y'dsr- F'©^+/'°yy yxaij^^t(f-r'S/t&©. #ut

c2)
C-V W7X6N#@gl=a < ^5>©^-ryF-ci4, z&g T*£ig/<-f7x©fi*S©W;fr©P

&T*%x-30#a©#&^c-ci,'&.

■Ft B — 8



c 3) mm# • js#
C-ViM^SttSiaSTMTftl'C-V. C-T MVf&ftv Z tT\ SSfcftg/^-9 C5» Hr-f v?W. 

t'Jbb'f'stff-'si'YJl', E(F)E:f3tt3ttJ®&fi, (Debye) S) ZnZZtfr-C#50 Si:, #©-E%C#m
6#lTl '6 tf C 6 tT# 6.

8300 0. 0 6 0 3 3
(1) msm

•> U 3 666.

(2) mm#
•> y n >*»««iosfrjpoiss*3^-. #ma;/ u a $

HI:, *##©±B%T*6, ^ V 3>*re6©&m:g©65('6&' h L> Ki:-o(,vtxE~:6. *LT&g3X h6EW|i

(3 ) #%g#•E#
mzntciwm&’gt o het, is«W'4im R#s%%$&aEf s. i7%^@x.6*@s->

V 3 7-tzyHi, iso 6 <£ 3 CttS-C* 5 3.
&ii3x Hi, 3X h©& 30%{i-fe;u^ECJ: 9 & L 6= #%6Bt##6^ V 3 >##

W UT#m $ti5-e&5-? =

8 3 0 0 0. 0 6 0 3 4
(1) m£BM
5PF20 %£@x6 •> V 3 cgWmmE/i'bfB&SfiTi,'6;K USifSE^tiTl v^x, ccxii, K%$L

—y-//t/-y K@6i&»yv v KaxsBG)-b^**¥©P3es*'6misfig^aMi/fcHooaBf©@ifflco^Ta^-Bo

c 2 > mm#
$0W!©K*©&, %$ 18.8%7b<E^SL«UTiSE£tii:. :o«»S<-xi LT2b$ 18% 1:^67;H--YX-izj^MMir 

6ic6i:^EBS£EE Lfc.HC LGBG6 C 6il,HEEST5feS£tlttMZ J; 9 12 sun i®. 
#oei: 18 1/ —y - ^yl/- 7* K86i66-^ V y K(LGBG)-feyU©fijg U^T©S^tt^, %#@©$
^rbX^ V ->7°V > Hzyi/6A#f 6.

(3) #5m# • j&$
d ^7 At: J: 0, %$ 17%^@x.6oJEtt£-,tza Sic LGBG KmS)tfrfevH:S)H"r§5H]igtit> 

*6. LGBG -feyU^S^A-rtUi, X? V ->7°'J > Hryi,(:it^Ttv^~M/W^W1"6/c57 =

(4) geawems

: 18.8%
: ffl$$ 93.4cn2, 25deg.C, 100mw/cm2, AMI.5

8 3 0 0 0. 06035
(1) mss#
GaAs 3 - h Lie Si StS±"C©, £ <£<7AI®0fiB,' GaAs t AlGaAs ©¥ffi LPE ESC-31, 'T, %6T##"76.

c 2) mm#
(100)Si ±C GaAs t AlGaAs if* LPE &6 MBE &©&&#&#%%&#*-&&. Efi LicJiti, X#Oy 

@Li:. GaAS ®(400)Hirr h°- 7© FWHM ffiliSIS 160 arcs ST$iJ£Lie. CtlliK^WS 10** (-7) cm (-2) JKTCSS 
f 6.

##(i MBE, LPE. 7--U >^©=-3©gP^7?ffiE^ilTt,'6. MBE IM7LPE J: 9 #©%@T, 7--yHiH4'6®pgT 
ft ~3tz„

(3) @f!m#'E#
?7y:)\ ARS©4X'@E7x7mm2, JSS 2.5-2.7micron ©#W, MBE TGaAs 3 - h Li: Si< LPEE 

STSfco %f/r^yl/7--yl/(i, GaAs-on-Si Sit. #1:^ 1 micron © GaAs ^#0©&^#&#An766 W< 
SSflic. EJ1 AlGaAs / GaAs 'Vr □ 7 x - X*g§SrteSii£, MBE feT GaAs 3— h Li: Si $®±|: LPE z££m'TEfiS 
■&tza

8300 0. 06036
(i) msg#
ITC TC82 T%^diLi:0-3fflSlEE&i:-3( 'TH-<6



(2) E%#m • am
c©fgsrti, 'tsee>)y7u

gT£>a0 »3feffiS4#ttoS»ttlix 53-^15ii/c®7<yl,©#6%(:j:TACax^7 h;bS»®Sj^ «JJS*»3to+©*5
i/^yi/CDS$r#Eglc=k-3T& ca x^7 h/!/#&%(:C;h,6©x^7 Hi/W&m%©m%(3#Wc##T©M&mNc6

8 3 0 0 0. 06037
(1) E3SBW

a -;i/©&a©&#m#i='3i 'T^a,

(2) E^m#
* Ki ^A'rVl/^-l' K(CdTe), fs v/<—f 777A7t7±l' K(CuInSe2, CIS), 7 V 3 7@*(Si.films)©Z@©f####-(\ f 

JL -;i/©W%-©#ttlc3oOT*Vc£ D©e®il^aEU^0 ciie,©R#M%l=^t)6##4'©&<[0f%y;i/-y

(3) E^#m•am
1 if a - Vl/T^ #^T2 3©/;l/-y&<## 10-14 %*®^LT(.'So *v?i-^©ffi*7-40W

e-r&a.
H"3© 20kW vXT"Affl^SEiSS/5^\ Photovoltaics for Utility-Scale Applications (PVUSA) 71 D 7 x 7

b b UT 1992 #(C^7 V 7 Tfflx— b'X{C^Bdtl50 CLtlli U.S. Department of Energy (DOE), Pacific Gas and Electric
(PG&E), Electric Power Research Institute (EPRI), California Energy Commission (CEC), 7 V — 77 A©4^[5]7°□
•7x7 bT*ao

(4) g#i%$©ma
CdTe 

: 14.2%

: 11.1%

#a## : CuInSe2
: 14.1%

8300 0. 06038
(1) E%BM
Amm&TTK%#©7 V 3 atAKIi, 6###53. 4=@##~©B®

##<&## 1=7 a C U/:x V 3

(2) mem#

+- b©$jma, m$zg.ftv(D'<-x7'{>(Dm±tjc:m\HKy>t,'xmii-z>o

(3) Ege#m • am
-feyl/WP©i6i±<t:|lrU'-byl/©®i:li6D]l=E3eST5IE£ fta ^&mi=#UTW:#/I\3X b^ %%

#l=##T# ax@T6a c6A9g$$fia. gE#3©%%?7 V -f < *yi/%@B(i. ^S(cg<$iJ®dn, 5E£lcmB$titz,
7<yl/©tyl/*#$!?#&'<?f-I#(25 7x/\//<vf) C^ipJ: 9K#6<&Al=#a(=##-C#

a.
®Mf=(d\ Scli-toai.'(^H^to^SiS-fbXgeE^ Zg^-7-fcJ:O-'SSWS®fcfe®<-X7^ 7Z@&Cf-byi/©$jm 

VIST'S a=

8300 0. 06039
(D wsesto
££f&Sit(AR)M<t UT77 7^4-IM b>'-/mt=/Bt,'e-ttTt>a*k 7 V 37^-i" bxd' KKI4 ARH<t LX®mmt®mK, 

/<•„ 7<-7g7#m^#Xx 77'©7X7 6LT6##7a. Solarex ®3X b 7 V 3 7*®mMiSZ
#:jot'T70 3 7^-4' b?4" k^ar3-tl^ 7ftu-cmuac6©a3*M-(/^mc-3(,'T##-#-a.

c 2) Egem#
4^^x b00^7V 377x/\±(: l fyi/-yia7V 37^xf bv-r KT, #© l 7^4-ib'f KtAR3-f^

7 y&n u t©##&JtRu/=.



(3) m%@m • am
y V 3 yX-f h KJKlix #ft#AR3- K 6 UT#U6^^-e(d:*m%%©#%%#©%l=l±^%U. y V 3 4" bv

•f h*i»«#fifts*xaisa*Ansftctt% y v 3 y^-r h^-r k©y

(4) m&##©a&i%
E### : (SiN 3-f-f >/)
#2%%$ : 13.14%
m# : AM1.5> l,000W/cm2s 25deg.C

8 3 0 0 0. 0 6 0 4 0
ci) m$im
%%&&&&■> >j 3 y *mm#M w-& y=%c. -f/w xt; jxf##K#©mBi=^i, '-c R&D #mmuy=. 

c2)mnnm
##E#6 UTId:, # L,ua#^fb(SPC)E##U^. C© SPC CVD -CiSSLfcT^yVXrXy V 3 y##

mm##675. i. c a^-c# 2. 3. iszst-sx^s ww 6*1-5=

c 3) • am
t1? X-f + -SiSSffi±(CSaL/Zc SPC^BBa-> >J 3>#©&&##&&# 682cm2^s. V T^Sti3.0x 10**15cm (-3)

?& ■? com# si y v 3 a ut, e&ts# u/c0 #©em^ spc &s 550 deg.c>
J&W 7 micron ©Bf> 5.3%d<#6*tZ:=

T/'''Y XKS©5)"1?"C(±> p-type a-Si / i-type a-Si / n-type crystalline silicon (c-Si) #it#E-3fcN Srl/l' ACJ (artificially 
constructed junction)*C##iik#M% L/c0 HIT (Heterojunction with IntrinsicThin-Layer)#it<h BjpU'x CO#

18.1 %*aaufc. c*ui®s(i2o deg.c j«T)Tsa uri*. 4-s-cig&stifcSiE©nr

(4)g%%$©ma
Em## : ’>>J=1 V& (iBA^ 7^1/7 7 x) „ Sit: HIT 
%%%$ : 18.1 %

8300 0. 0 6 0 4 1
(1) rnizm
f <-7pn y+y?y3yii. /^/i/3> ^^ h#a©##$5a&2U\ kme, yu-x^tomii:

u,bet, %ma©^ja#mu-c. m^mw©y v 3
f#aW#^T<-7-Xt >^->3 y%i&X@##7.

c2)
sb-*. ; y *-wm&<Dfc#>v>m'M&Lt, sb bsf #aBa©y=&©ggt ^ 7 A&m < o a

mstLTU5gfmpoci3 era. ma©@t%a j: ? i=m@73.

(3) m&@m-am
:;t/TLfcMi^ 18.5 %©winx-bji'Zftm-tzmijft&zfr, -> v 3 >©&%«=*# <

m.. pnE-6-#/^vl/X/<<^^6E@U. V KirJ;57=/^-y 3 y(CBX.75c^T65 = ccigirj^T

flS'Sti/cTA-fxii, <63x h/^xYtr-i/gycau^ Jt6W<U iSSic K-t°yX£*u SBa’-/^- bistitz*.

c©^&T#aU^tyi/©##^.; Rs = 53ohm, Fs = 10%©B£ 1.85x10** (-13) Acm (-3) Ml'M
irxv >y K#@Ai&trc6TXV -y Ki/+ K»4 yyftffi'jttz<!:t'3 6ir J: 0*<£ifro0

8 3 0 0 0. 06042 
(1) W&SW

(li(semi-crystallme)Si ifcBIISitfctr&iiif-f* A1 -a-iz-fhx6m#OT5il7 5=

c 2) mms
^ t“- AE®mEMS(Light Beam Induced Curent Decay)#:## (,'/=. C ©^E##t > T. Si/<yl/X f©^%^ -t' V 7©%& 

s(efo#^i®75»^T-s50 #*##.3^3 
x h -y v 3 y*BmEthr ^ ^ e-f sgE#Efthr .5=

(3) #%#m•am
Al^-fCiCi-yT. 30%ii)An U HiSiSBS^-S-ES*'- 10**3 cm/SRTirti^fco A1 ©Sii S(ef0



83000. 06043
(1) W5SS65

(2)
1S3X hv V n7©#%^##T#56U7Al=jol

Bf#BB&©—#l9T*5. C©WCOSIlfcTT’n-f -6*7s;l/*ffiS&»fc$665. fi&8rU'x-^*3gfiFf S$rU
***■*.

(3)mamm•am
tmtt&mmfcmmv&zz zfrizztitz, miv •><-->3 >*<

E%dtifc= * V X-•> 3 >I:J: o, ffinx hSS±tc<Snx h ?#%©&!, V n
-5£l'-5SiiL,^#C©7yo-f(j:, ®SX>y-Vl/©Silicon-Film&/=##&&#(,'T&0,

'sVZ&m 12.7%£@;t51Wffl#StVtl'5=

8300 0. 0 6 0 4 4
(DW5SSW

■f >=Yy M*©igfi->U3>!ME3M6©*»3taaK:*tfSfifemt'a«T?*5Ci^ S#-ettB6&*iTl'5. SMEliffia 
X he^iW >n'.y hajS^WfeOMSSC^i-f hjWB&vftTl'So U°S©®TMg:: 6%l\ 31£©-> V n W
>=f-y hffJSSStBfflttia* HEMfe(HeatExchanger Method)ICS.S*STTk 665.

c 2) mamm • mm
HEM fW^-SmSy-V 77 80 kg, 44 cm x 44 cm ©-Y Xd'.y h&SKljgffl L, a#c7'l"[' >^HS%"[5]I^@2[6] U/c

■<>-fy M£»fc. ffai/fc-f <K$)jm*.W;mmmm*jmtU-3tza —3©HEM^*/=0,
1 MW 0«3feMt- 5o

8 3 0 0 0. 06045
(1) memm

%.y\%@"C65B%Bf#X74' X(Fixed Abrasive Slicing)K#<&, ^^5fc§§iE®/c6© y V 3 y^f l/zfy h©X7-Y
xi=#m#-5.

(2)
yy/i//\ y K©^x;l/-7.y h FAST X5-Y-9--5-Eti-U f^!U fi$ 38 cm, ©rffiS 100 mm x 100 mm <D&&& >') 3 > 

#©X7YXfX h<£-uyc.

c 3) maem • mm
7*1/- KOPBSSKJ:*), 5m©i/ V 3 >%©%mM^X x^XA<—7©X" 1/- ??•&&&&tifc, J:T?gfi#*45E£16M

*e#3t0

8300 0. 0 6 0 4 6
(1) WfSgft
mBBCfetf-SffiSSTtt, tvl/#$©m% (¥W) @*#5/:6l:5. jlTU

5»<, #e,il5iSfaffi(i^T©^fei=j= (,^rmr#5>n5ffiJ:9/Jv*l'6#*. 6*15. #61:#,
#ft©W-tt40«r*= p-i-n t/l/©6AD 5 61'7L% < T #% & % l \, C©##

(2) ems
VHF-GD#-p-i-n*B@%*l3l3r#6©@*©&&©*?, MO (¥S) 3WMB$ftSS-ey-+>^L/fc. 

fc6*B«#ft©I-V#tt*KK»C;e-^-l/fc0 (I(SC),V(OC), A8Bf, %6$) ©SSfnMMtl
/=%, 3&'ffcffl«©-b^©B0f»*eA*«^5fc6CJR*a£*ail$ LtZo

c 3 > wismm • mm
($!3fSfe©W, #, Wfcfr-5 61'7E{SPg©;£-ffc£fi^6c5, &%(= l(SC)©±@*a^g$ildii^. ^tiiil(SC)

^fFessmsfaw# btisj: 7 icmam^#m^#5y:66#x &ti5. - ©#^Ti±@mBf©m^y;#$^©^%SBT 
®5.

/W7XEpAnBe6#EPA0Be©^ma##©m(SRB.SR)'r(d:, 480 nm 6 650 nm jz&M&tlfco 
*>r<D&&IZBB3ti-ZA<' @±©@a(±MmU%U. " 3Wfc©«A" H^k)k©*A@gC^E$fl5 W'UH#mmi±?m6#%D, c©m#©#c#6m#&6%65 6, atjK3^e^5#m«amm© 500
angstrom T', jt©@Agg$**#< LT ^Util '=



8300 0. 0 6 0 4 7

*»3to^ra««T?ffii8SEs H53i0w<# sns ito mmfr&MctztiTi,'Z„ ztizo&nz, 
xm% u &&&s&g&fb-r *0
(2)
ITOJSHRfcrfv/* hD>X/N°-/^ 'J

(3) #%%m • am
^Sgwami:J: 0 -1 /rho InT UT^ 26700(ohm cm)** -1»< SStX't* hybrid** V 7

ZSKI* 4.2 X 10**21 A'g, 7.1 x 10**21 cm-3 < 7-5£/C/ -y hf-5-
390 deg.C £ T'©SST' 25 £fBm£BSaS UT#/c ITO sTO, UT*^mBi^Jffl-eS5=

8 3 0 0 0. 0 6 0 4 8
(1) SFfSBM
^ V C?A#MRS/i7 > A'XICiSC "> R F/^9 —S?S-£-jjQX.'E> PECVD (Plasma-Enhanced Chemical Vapour Deposition) &(C«k i) > 

->U n 6 Ci^-r0

(2) 0r%me
RF X? -@gM >T PECVD 7^77XiOimaB-> V n

7to SFM(Scanning Force Microscopy) tCd: 0 U=S- UXybO^JgfigTflESi LizmoW&MtirZft^ fca IR (#^)

(s) m&B# • am
's V C7A#^i/7 ytfx© PECVD 1C j; D V V 3 >3&SB1,»5<a6 U **(i?qT^T(±%UC 

^©SoaSWEiJ$tl/Co C ft 6©%^^%©^#(coalescence) 6IN" XldX d" - (C## U. (SiH2)n 5v
a. sfm

8 3 0 0 0. 06049
a) m%m

a it#f 5 fc^ic(1. ^©gm^^x pmeisTo^wz, c
^issrii, c-si &f%mr&£ a-si pv -tf-y^e-x^ -yb^©i@m#*#% u/c.

c 2)
iBSrUJEdtlTt'^ PV * -IHCEIAStVTl'5-0© c-Si *^Sf6(n-Si t p-Si)<fc. Lfc“o

© a-Si VKC-OC'T, m*.6t/WSgtE#UXvbTI-V#ti£zBI$Lfco AT0#f© I-Vffi£8£STC (C##L/:.

(3) w%%m•am
c-Si *^r@BOS-6-fC{i STC ^ C a-Si -f 7t ^ a -yb©R!E©%^. EfllSIi PV #f©#@

(equivalent) •> V - X®Pl(C3S < &0

8300 0. 06050
(1) E&BM
&WjB£2:7■/(y^''f A©Sk my tau Ttvl/V 7%###MT)bAa^ft/:^+ V @£6£‘t"3i§li©

-^T6S. $W5£-CI±, #%a K-fcfyi/l/'-OK #%%H*l/XybT©mf 6*-yb© my tau#©

(2)
Shockley-Read ^ < 7°©#^ef #f© my tauSr<t*-yb© my tau#K 7xVb5 VXyb©

'<> Kl*ltirE> jfcSSffix KfflffiM®fffiSt(Ci'©^(clg#-tS^!i-<*0

(s) wgs^m • am
Te;b7 7 X i/ V 3 >f©^%+ f V 7 64## + V 7© my tau @W7%yb; l/X;b{ifii)fe5Sg{C«fc 5 ^(^•5.^1^ IE 

©mMM#&#-3y>fV KT©#^(Cj;DmMT#a. Sf6*-vb©my tau%0lt&8^f '<>
7 V 7°*© D (0) i D (-) -b -(DJLZjls^-iZtti-Z v x7b 5 L/X;b©&BT6 9, ZKDJtltMWK F~ Oft]

8 3 0 0 0. 06051
CD W5£BW
%tyb7 % xm©#st/<7/ -^^m##©^®®g(Dos)<t^m*^tticij jtirrgjsswrs,,



(2) msm#
a-Si:HKrt®7xyU; 7^VbftETffl DOS &s $FSSitFSSmE(Space Charge Limited Current: SCLC)6^t/<77 7X 

&C(T)

(3)
SCLC t C(T)#S&&#&fl/= DOS C©#miis UT0^#%$ sigma(d))s

Sigma(ph) $US^5> tl^= DOS 0 r.fy?7 -®g dp 'xO&l, fra U*'U dp
> 10 mWcm (-3) ©#(Cs sigma(d)©ifiP<!rpp®7 7 7 7 —Q (S = sigma(ph) / sigma(d)©B#s sigma(ph)ii S ©#"C&#^tl3) 
©idc^Oit A DOS 3 C tftT-trh'bir^tltZo C©#% DOS ©itfinli a-Si:H tfPrtt'? Vx-lsf h □—7 X-f/W
x^SglT 3 gl©Daa!g{gT£5g < „

8 3 0 0 0. 06052
(1) WSfcgfcl
TCDDC 7X^ Ate J; 9@*®/<7-eSTfFSStlfcT7 h'-T^^bX 7 X 7 V n 7&7 K i ^>XX^ hoxntf-

*mu-cE%-#-3.

(2)
a-Si:H 73 -y K©7xPb; U^xvl/MlST'©ftE@S N(E(F))6s /W7X 0V T#4lU/:

>X©SSWtt C(T,omega)^5>^SU/c„ 7xVb; 7<;b6 5 y K^+ -y 7°I(mg)H© DOS SUMS Us 0*©^% 
>XffljS5[6jjj"@(reverse polarization) ^©ISSti: C(V,omega)^'16 9i/ii L/c0

c s) • ##
SlJSSSJ: D> r.fyt? -®S pd A<2^6 24 mW/cm3 ©@%Tli7xVb$ U'xVbT© DOS \±Ut&£m]CUtiO'C 

itZo N(E(F))<tI(mg)(Ditm'Z, {6pdTliE(F)<h 5 -y F^F-fr -y 7°f@© DOS tig-fb Wit '/5U iEpdTI£E(F) -y Ff +
•y7°iw[Sj^oTD0S©itin G^Uff) riMStlfc.

8 3 0 0 0. 0 6 0 5 3
(1) wmm
SrUV SSti-y 7 Xv fcf- A jl h°7 7 7 - (RPBE)" mTC a-Si:H U J: D5:£4'a-Si:HE£#3o afcJ:

a-si a.

(2) m&Bm • at#
RPBE SWiis ECR 7p7Xvy-XC«t»)4J5EUfcH-l’^>Sl&tttr-AiSiH4 ^®SBS@-fk^KSiCj: D a-Si:H 

W3. SiSttH kr-A(i##©H(=g%eB©ik#K%A!,@t^<a\ f/WxT'7- FT'J;D3utU: a-Si:H #&#3c6^Rl 
3^3. 7t*V >7"^^b# Utl/ciSfn^pig®S(is T'n-ME© 6-10 E16 /cm3 C# U RPBE ETI£
l-2El6/cm3T'®-y7to

C©gfa«*ffi-9T#-S^-b;U©/<> Ff+ -yyi:@#&-3U6 (/<7 Fft >y 7°©J|fc3 a-Si:HM£<£9s Ff
fy^l.6-1.7 eV©a-Si,Ge£®ffi-r3) t, tvb©i0^©%^^o77 4" vb&K@N"3C6^*3. ZtllZj:-,X%im. 
t'®otk E/<-f7xTT' i J:-5 {CT'S-B= C©S%(i-izyl/©flS0^K<l$"Bs -fevbli J: 0
^(=%3.

8300 0. 0 6 0 5 4
(1) ESEgM
7^U7 7x7 V 3 >/<-%©0f+ -y 7°s Ds SSUfciSSMm*?#5,ti5 t

ct.3E#6© a-Si:H(,'TfPS2flA h V7";b7f 77 7s 7*R§®Ml:i3 j;bF&-7x-^©itt^Kot,'T3 <t
A3.

( 2) E3EAS
a*©yotX^#T a-Si(C):Hs a-SiGe:H ©#-#^-k;b&f##Us (1) a-SiC/a-Si/a-SiGe, (2) a-Si/a-

Si/a-SiGe (3) a-Si/a-SiGe/a-SiGe ©E@S© h'J 7°;bv+>7 7 3 Us fc. h V 7°;b7 +
3 7^7x - ;t/©EH-fiiS{bs mas

(3) • ES
10 %jh±(dh v7;b7t77737^M&mm%fp®u/:. 9.6 %©h vy;i/7+ 77737*^s

?6(Si/SiGe/SiGe)(is 1000 #B©* V-^77m#tt£ 90 % ##W=. h V yvb7^ 77 7 3 7%#©X7—;b7 y 7"(: j; Ds 
tv?a-;l/(if > 900 cm2)T' 9.8 %©IMI^tQ

(4)
#m## : h V 7°;b7 + 77 7s 7 SiC/Si/SiGes Si/Si/SiGe 

: 10%R±

: h >J 7°;b7-^ 77 7 3 7 Si/Si/SiGe (B# > 900 cm2s tVa-M



: 9.8 %

8300 0. 06055
(1)
7 U+i/7';l/7:&;U7rX->0 nytS>a-/l/©!^aW©fciMT*>*lT<r'S* \tw&r7. hCD^ECD®S^-r=

(2)
0-71/ h e,p-;l/(roll to roll)7°D-fex£i£-3T. 7 7-rA7e/l/7 rX*7 V 3 >£££%H0.005")Xt> UX$&±|;:1|® L, 

fco 74L77>££fe!g£gF5x ^.--7%71/^^7'yi/PVeyjL-;i/OW%icm(,'&c6#T#
50 7 Ly^y7';i/*^^msijnaa(im*z®<h «k? cm#
(:(±#ca^^ST6&. #miw©im#&mi-#-6/:A#*^nmx h i/xc$ 6 u. ztiZQZrif^-jMDmmmw-ez>
Z>Zh%7fiUz0

( 3 ) • J$%
7U4--77;u*^Hm^0^;i/CD|S:ti-i¥ffi©'rx ^DAtifcf-x iliire§571/*77> PV

—/!/&##§ L/wo

8300 0. 06056
ci) w?im

&'<> Kf + vy©7t;i/77xi/v3x-fit. 
$%#&#!'&%-3d'©+-/<7;(-?&&663.

c2)
gc£tt©raffl*ftttU iE5SS©«#irJ:5*^mf6-byi/0iD@*m{cggi-5SS©S^*S6A6. SS-fb^&v^-;U© 

m#%$%#©/:&©#*©E%^iai&mm-#-6.

( 3 ) #%## *
a-si 6j= d > ^e-wi/tey ^ 13.7 % <t 9.8 ufc= ss-fb
eyru-8.5 U LTC'/«£(,'|#T&9&6 10%©$/t«fc3.

a-si -@-6 ?v /<*vi/(±mm*%m h 3 a u ? s.
m#mm©mmx ###x#m$©%#\ tya-/i/#aK#©#m<b(=<£d, mc^x HSTmztfiTus.

c 4) B#a&$©m%
l%m## : a-Si
tm :
%%%$ : 13.7 % (W0)

a-Vl/
%%W : 9.8 % (#Jffl) x 8.5 % (S/t-fb)

83000. 0 6 0 5 7
CD mzzm
SSPG gMffll't7B/l/7 r X7jcS’> V n 7© ambipolar

( 2) m?M
V7/I/-T^ >^(SSPG)Sr:lis A#m###© ambipolar Stf&S4lEBIIB$iJS75SSTSSffitW 

Ritter b (B g, (±C ©^&^m 1 'T. Tk%-fb7^/t/7 7 X 7 V 3 7(a-Si:H)© ambipolar K%#(L)
©a&m##e&3w% l ©A#

(3) • SR#
SSPG TZRIJSL/: ambipolar fc„ C©W'£> a-Si:H ©/<>7#6liS@#14£*£ <

6 t©?(i7kuzaatb&a. A#d<L ©A#<!:#<, 77 h'-T1 a-Si:H © ambipolar

83000. 06058
(1) W5SB&-)

Hg frttm&i-KMmLtifrToytfrMzmfZo ev 75 7&et\c©w^©^&Ta-si:H

c 2) m%n&
*? Uz a-Si:H E©#tt*Jtmi47-50 %##©##=-?(,

  £+• R —IK



(3) • ##
i/=7 efe3t®i©SSI±HllTf*S^ SSzSS^SS UVHg? 0K*i68t*1*S

c i:j&<ffi3fc/c.

8300 0. 06059
(1) m%8%

(2) msm#
a-Si:H *»*«&©&—®S=i y £*-* •> $ a U-•> 3 p-i-n SLAVS'ay h*

-m##m a-Si:H 53fe J-V ##©, SBn y^^ M^UKS£4^ y ?!£&&££&*&&&&&'<*:, 5* p
@©@5 iSH^ p-i-n a-Si:H L/c0

(3) Bffi&Mt • j&&
/-**s®?ffttf» c*@ima##mrF-c©j-v## £am#$©m-##mi±^##m £&<

—S5: L/c„
p-i-n £->3 -y a-Si:H VCOQIiSB^ y^ h (:©0-^ < ISiSf-E, C tftfrfr-o

fZo p-i-n SiS© p JSS^ 100~200 angstrom ©BTg-fbLT6\ si/cp/l© i -y 'yX®g/>< 10**18 /cc/eV 
T$>,

8 3 0 0 0. 0606 0.
(1) mem#

CVD SrlCj^fES! L/c p m micro c-Si:H ffi$©#ti£H^50

( 2)E%AS
y?% yjoj;mm©m^*'x^mi,\ *ffl-eS«ffi*tLfc5fc CVD P V V 3 ym&WtZo vx?

ySSi7jc*#iR©Kfl:*<?»Sfi©®SC*fct«ffl*ilI^‘5. a-Si:H £ micro c-Si:H
C©#8;-Cfm L/C p S micro c-Si:H Ji*ffioT pin L.

(3) m&BB • am
StiS©^-? y© K- h°y^L^yl/Jt*< 1.1 X 10** (-3) £#<, 7j<S^$?W 20-22 

[ sigma(D) = 7.8 Scm (-1) ]©#&#& C £/p'ffiX/c0 micro c-Si:H © sigma(D)©ffi(i5^@ 240 angstrom Tt> a-Si:H (dit^TIS 
»S 4 ffi* 11pSmicroc-Si:H &BM(=mu5C £T\ a-Si:H*K§%fA©N&%EW:#$ft/:.

8300 0. 06061 
Cl) 9B5BM

®p°a5C £«£!«© a-Si(l-X)Ge(X):H LT, 3feje«*#tt*<»#SnSS**i»W^-S.

c 2) ems
'/=#^£mu%u#-a-©%mm© a-si(i-x)Ge(x):H ^t.pds, cpm, esr, lesr 

^fe©ttffi®aijfaea*«tt©H«*a^50

c 3) m&em • am
-y y»<B-©-@S©SC#5:J±^5£, ##k#©aa-fbl= J:97-/<? -E(o) £ Ge CML/:XyX'J y

Xf y R'WLTt'5 C t-h<lofrZ>a KSKStm?ti^«^«tOHifl^©f--r/M*ffiK:^a©++ U 7/>< b5-y XStiTti 
9, h7v^‘SftTl'S4t+,J7li^4l'C:iK LESR@1^3W^/:. «k-?Tfi@m#XfFSL/cSW©*
@m*#ti©@C#ld:®Eg-fi: (sensitization) Ci@Bf 6©T(±/C<s i>©T£>5,

8300 0. 06062 
Cl)
S1F4+CF4+H2 ig^/7'X^t 'T7°5Xv CVD L/C SiC:F:H #C-3t'T, 6S# &ftfcgm*iSt'o

( 2) E%AW
fvsV Xj£jB*<nIfiE£#;ic.£*lS7 y K-Xfcitf K-XS/l/c SiC:F:H (%@

aBa) iMh&titz, C*i6©fltaS£«Fttggfl:£, Xx X? ^©#g#6-E©#g@BmS#m. #m@6a##B6©%S#m©A 
/PbjgRL/:. £/c. i#Mg©#T£7k#WWa-SiGe:H##%%#CRI3:X^m*mL/C.

c 3) • am
a-SiC:H ffiU: 9 @tl/c#S^Sr^ a-SiC:F:H SW#LiL/c0



8300 0. 06063
Cl)

a-SiGe:H 250deg.C !Sm&ltMg1Z%tetZ, it®Sg©16T<DJ<£
#RI=J;9\ SE^S^-IS <

c2)#%m#
©iS^T rX/p-mm&zm'lf&nfr-oi&o K4*+ v 7°0 a-SiGe:H SSSg T(S)£ 150 deg.C 250 deg.C

CSE{bS*TffSLfc.

c 3) me## •
y-X75rx*zK3fe94%«*!-f5Ci-e, SEzSg 250 deg.C JglTT^ Ua jK##©^lb^#X.3 d d©^&*m

C'Six SESS£250 deg.C ^6 180 deg.C 3 "C8E2.T&*#%#. ttffiMME, 0*^-9
tZa

8300 0. 0 6 0 6 4
ci) m$tm
a-Si:H m©A#@glk6%@8l:«fc 6 &tt 9 3tSSS¥S^I8©^J®K*3^l±fct««K:Wjai UT

c 2) mm#
;X%fk7evP77 x •> V n@*©##^57 -7©^TSSzSgeSS^©200

~300deg.C TiSSLjt a-Si:H K©«t«4s©3tBliegfl:*ll^fc. £ <£-5g®$®S®gk*r-^ - Ufc= *©&$£,
*>* 7 *8Sjeflsse^B^jSK^c*Mifcttaa«cHa! u-cmm ut.

C 3) 0fgE%m •
SKSS 300deg.CJ5±T#EU^St#T(j:, Av-^7^imi:^ufa)b#m$©glb(:%-7©#%a##^W^. d©

-•o©ssid:> z^©gij*©y>/v

8300 0. 06065
CD
a-Si:H & Ge T^Alb7a d 6(: J: 9, ####©#7, 4s* vTttffiffigOJfiiD. /<> Kt-C Vl/©H^9 t)W1£ fta „ dfi 

6©##^lb6 Ge ©# A C j; a Id" a me#-## ^ flT U a ^ Ge (:±a a-Si:H #AXb©%%9(Cx
utz„ c©#mt#@fa.

c2)#%m#
SiH4 i GeH4 ©jW&g&T r.f./o-%#&(: J: 9 a-SiGeM£i6E£-ti\ )&/<> K4*+ y 7. 7-/<y #

3t«ia$aiis*Sofc.

c 3) m&em •
a-SiGe:H JBS+© Ge jSgi^B®«©±#CJ:a3fcjBS*4ftt©3&‘ft:li% 7-/<* *xjM/*-E(o)H:40

meV dflti^O K^rt v 7° 1.61 eV K%fctZ>a a-Si:H tCjfc^T, 3 fg|=#n U
ftHm&Mt 2 < * O tZo

8 3 0 0 0. 0 6 0 6 6
ci) ffl%,m
ye/i/77x->v nuzp-i-nA^m?6©sji^gsesg, rf fttiV'frigrfa„

c 2) Bfgsm#
tfo > h'-7a-Si:H ©jtf^m mt&K&tfZW&it, SSzSg. rf

c3)
y 7©jn' p S a-Si:H16 rf iti*© rf fo-&#&?#%L&. C*l6©Ktts #m$@d = 0.2 

Scra(-l). )k/<y -y 7° E(o) >2.0eVUfc„
7 7>^&616A XRD (:j:am©m^#mgpim^6, dtl 6©K(67tvl/7TX>/V3>67tvl,77X*V hv-7ic8 

to&£ftjfciSe.& v V 3 >©%&&#&bSSetiruad tirnzi'izte-otz0

83000. 06067
ci) mftgtt
%]%W£ p-i-n P / i ^mxo^n y&mm^-o pji<dd 7 7 -mviBmz-o^xz-M



(2) sms
ettffiSCWtiSWtT© I-V561 0x PB©@$. Sap JB*JgfiWSfc

to©*'xEEs /<y77-H:&±ff8fi«»ffi©JP3*iHiiESafcLfc.

( 3 ) #%## • EE-
/<y7 7-@*6(,'(±/<> Ff+yy##B^ p/i ^@C#Af 56. *^Etox6S»<@C#dti5= C©^0#-^T. pB#

Ec#%©ma© f-tf7y#x<&mi'56@##%&#n-c#5. P/i ^m©##/<> Ff+ 75.
'< y 77 -B&#A Lfc-feyU©^. /<y 7 7 -B©#^^@67 V tN *7l/%@#T&5o 

SS-ft&fT? (:%Q U itKli: 11.3 % (AM(1.5), 100 mW/cm2)£ < tvmn LtZo

(4) K3#$©m% 
em## : a-Si:H 
#m:##B^#r-op-i.n 
&# : AM 1.5 100 mW/cm2 
ffi®: 1.09 cm2 

: 11.3 %

8300 0. 0 6 0 6 8
(1) SF3ESW
77l/f/-7T°7X7 CVD vXt-AT'. -7 7 7, 7K%©rl-£*'X© RF O^b/czKS-fbT^

71/77X7 U 37 -TVU7-7AE©#ttlC. @4©yotX/<7^ -7;6<RIS:f S#£S9^5 „

(2) sms
771/7 7©#smii 0-30 %. SEi&gti 200-300 deg.Cs fclZtfZElt 0.3-0.9 Torr. 0-75 %©m%S#3#

fza il'J- F® l0mW/cm2T'®5o iSSiSS. */<> Ff+ y7°.
9fc®g. ^#m$©mm(exponent). gfrflSi*;U¥-. mmmo-f 7/f 7X:f.-;r>7 h7 7 77-(pre exponent factor).

* UTimegc&iMm&me u*0

(3) SFSK&iS • ES
a-SiGe:H ^E©*SS*#ttlig^ V -Xfi©T7l/7-<7 A Eg©™^'&-fti"5= gg^g^iSU ##6©Sf%Tli 

& 300 deg.C) 6m©#3MWd<S±6#5. gStfXE0.6 Torr TE*0^%7l#aA<gl6 % 5. #E#6©^%
Tii7ks%s?i± 75 %^t 5 © 5 = yT^s^gos/jMsii. sa&
ft (#%V-XM©y;l/77#g*< 10%) TMLfc^t 9.52x 10**14eV (-1) cm (-3) ~Qbr>iza

83000. 06069
(1) mSBM
a'7F^'/7,©»5. -m©i#^g±o7/<7 Ff f y 7°a-SiGe:H L. KW5o

(2) sms
* 7/<-rf T'd X7 CVD 7XTA&m^tSlH4, GeH4, H2 #&#X©##K: j: 0 . /<> F^+ y7°©M<£5.

-ilOS^SSi-D^/O Ff f y y a-SiGe:H ##<&#$% U. WmLtza a-SiGe:H#©^m7l##6#^g{k(:-3(,->T 
M U/c0

( 3 ) Sf%## • ES
Ff f y fit 0.95 eV^g, 1.71 eV 3lML7t0 /<7 Ff+ y 7°d< 1.40 eV J: (9 AtC^^fCli*®gl± 10**5 J:D* 

#<. ^Jx-lf E(opt) = 1.47 eV ©a# 2.01 x 10**5 T&5„ ESR $];£(;: J: 5 APSSgti 5.1 x 10**16 cm** (-3) V&-otz<,

83000. 06070
(1) memm
mmmz7m<t7;&ji'y 7X7v=i ymzmAzn&mK&'o&.vz.i/ v 7 o^w

(2) smS
2.45 GHz ©7/f 7 a&6*mgFHI#7-- V 77"?AELA:7X%mfEt#c ^7"o7^*^. m*%fb&%6© 

E4r ®|fr U '95&£g(, 'T$$£fF$! U3to FT-NMR 6 FT-IR I, 'T 7 V 3 7-zK#©#-^#^6 7 <" 7 o 4; ^ F©#St*#r 
Ufc0 fk#%-g-67/f7o^ FSE£. EEfi^&6^#©Sl'irj:0imbfza #%#©7km#A0^/f?T/f 7X1:0^%

(3) • EJP:

tfts * 6©**ft7 *^7 7 x -7 v 3 7/<-x©#f©##(c^ecwt)5.



8 3 0 0 0. 06071
(1) msem
(S*f|JpE»-?-a-Si/ poly-Si 9 -3©^#KK»tir^ ft.

(2) &&&£&•£$
p S! micro c-SiC ^7-Y Ff t v T°zX7:"D^-^-SiC> a-SiC £•#@7''-y 7 7 — Jl(dN -€r LT n §2 micro c-Si -SrSB^"- i -y 7 3 

7^ ^ hmcmiV: ITO/p micro c-SiC/n poly-Si/n micro c-Si DS-S-SiST, 17.2 %£3abft0 ft#%ft3Mft
a-Si p-i-n t/l/t h -y 7-izMcm\ F y 7-tzht poly-Si # F A-tJHSKft^ft -y 7“5-*»AUftEMH^
19.1 %©igg^$&#ft. dfflSSJUWOffitt, a-Si^-X©*

(3) m%%$©ma
: a-SR

#$i§ : a-Si p-i-n F -y 7tvK y 7 7 — /Si l/Tft^ft *y ~f~7—.. poly-Si 4^ h 7t.A§!!
mfiWW : 19.1 %

8300 0. 0 6 0 7 2
(1) m%.m
7e/i/7 7 x 7 'J 3 7*#%%© r&d (#%M%)

(2)
##(:f/WX#@(:$;^6 H:'y^x6#lS©#|p]<&m^fa. #(:, a-SiC:H, micro c-SiC:H, a-SiGe:Hft^©#LU7t 

yl/7 7 X##&m^T^{b$fl/:##&#-3*l#@m©. &$*&#f«fc»©»'3j&'©*rU'77n-f-£*--r*/o7- 
%MMtZ>o 75VU7 7 X 7 V 3 ftSft-ol,vtx £&&$0£g£&!HEls3 ££>3. a-Si*^E?6©SS-fkicB
btl5iiiS©#^t)*@1-50

83000. 0 6 0 7 3
(1) fflftm
7t/l/7 7X7 V 3 7*|&m*mftCVD 8.ffi&£t#>Za 

C 2) Bf%m#
TOO . fVl/7 F-7°pJS, i, n- a-Si, t UT Ag %@T#a$flft7tV77 7 X 7 V 3

Oft. ±T©7t/l/7 7 X@#ft CVD Oft. ZnO £8®3 7^ F t&UBMfet Urm'fcT&l'?7 X7 V 3 7*B£

(3) •am
#3©mmb(:J:Cl, Sn02&TCOMftfim bft/J«^T'»«P£ 12.3%£#ft. T^Xf+ -#@©4(o7F-7ZnO

mtft cvd &%%&&#-& c t^TSfco zno ma##c uv Mts i. ZnO
C^Tb^TS'-^/wo

(4) ^##$©3a
mm## : a-Si
#3:Sn02TCO^, tW F-7pJB% i, n- a-Si®, Ag#@

: 12.3 %

8300 0. 0 6 0 7 4
Cl)
iSna@T/<7 Ff + y 7©j£C' a-Si 6/<7f+ -y 7©%1' a-SiGe U E1SE a-Si 6.

c2)
Bmmm a-si sss-e/o Ff+ y 7©iz^a-si <y7©m^ a-siGe &M%uft.

c 3) meem • am
100 cm2 ©msmni-%^ a-si tEimk-rr^ 7 ^ -;ut, ' 11.1 %©m®#m%%#&#ft. - ©@#@# i/n

MIJf)77'U-73>?|»'fcl/-f-^-^>^j:^ #*03#Oft#IX'&%©M%(:ck D3a^fift.
SiH4 £ H2 T#BR U 50-80 deg.C ©161 'S&zggT RF 75 Xv CVD C £T> X&@©/<7 F^+ y 7©j£

1' a-Si:H S$ (sigma ph > 10** (—5 ) ohm ( — 1) cm ( — 1), Eopt(3)#< 1.6—1.7 eV(Tauc's Eopt(2)#< 1.8—2.0 eV)©# sigma ph 
/ sigma d >= 10**6) &## Oft. a-SiGe:H mm©3F$m@&&TlfS 6##a@%©ftl5g^<7# < a-SiGe
dzvl/TIl^ #6jkT©m%%$3.4% (7 AM-1.5 100mW/cm2 ft : lamda>650nm) £#ft= Ctlb©^©
,^irct0. 1 cm2 a-Si/a-Si/a-SiGe E/ia/S*®®ffeT'E^$ 12.1 %*3aUft„

(4) K8#$©3a 
mm## : 75-VI/77X7 V 37



SiS : 100 cm2 a-Si ±^#%ih7'eya-A
: 11.1 %

#m : 1 cm2 a-Si/a-Si/a-SiGe 
: 12.1 %

8300 0. 06075
(1) W2£gft

si ±c#F-yn mr^y 7 si bxm
btca c0#m(:-3UT#mN-s.

c2 >
aaaaa k-^°> h *'x©jt»< si m©#m 6 .

(3) SF5£S^ * 62$
p-n C-V ©x-f ii, c

si 3ab%iR6m%%&i=«k o. cn5>©t@itT'§S(, 'ftmmfixiimAm siia= 9~io %%mm btz0
(4) K%#$©#62
#### : T^EZl/7 rX’>U nx 7 U 3 >
#is : p-single c-Si/n-a, micro c-Si : AMI

: 9—10%

83000. 06076
(i) mnm
a-Si:HS6E<i:-E-n^t,Vcy e -y h4=—@ffiS*ESrtfcSit© 5 -y K^-t* v7°ytSl©effi,

WffiE’f" -Bo

(2)
ufctos©jmffi$i^i^ k^7 v^©#$1^ &

62<kfi^-6-©M©/<7>xics-dlbiza i-MZMmbXftWlbtz•>3 y 1-^-M
mm-?z>m?i*>mxbx'K-,t:0 m^af###%&#%a 'Xftm\ ^®i/<;u^©Bs
^(D^zmtK&iLtzo mmte&^&ixrTJ^m'X, 6©/^^##/<?/ -f cat-et.

(3) W3£&;$-62$
(tm&mU7t%m©^%t\$m*£a^+uc&y^y^J 

A®Mm't>*£titza qe csmm sw ^i%6/W7%^<^©J;a
-pfc= ® ^&em u, i sw %B&<a= uaa utm-a-c. 'x^-tt
H-StoSt,btifco

8 3 0 0 0. 06077
ci) meg#

V { UT7tvi/77X*BB%#*?©mf4)#B©aafb©&%\
m\X‘&w&^mtt£'oy>y>&z>a a*i
(rnixed)#yr%-m#Mt-f V 7^©#"3^&^6A, Jt^a. £/x %% £>© 3 7 fcf* - ^ tfzl' AMPS(Analysis 
Microelectronic and Photonic Structures)<£:S?^Mhao

(2) E3£f*lS
AMPS -ffitt©fS(,'3 7b°a.-?*7=Ji'Xm'btix%%©mrK-%#Ke-r;i/-m«&n:©%(=m)

tlfcE-3^©ffiSiCr)C ^T> Ch5> ©S^iC-gA L ? aHSt '£#IH Us ^tm-3^©^%T (ilE«n=#m

v a c a-si:H P-i-n ±mm%©
**CMaUT. ctu^©£^r= 

c 3) ms#$ • 62$
3 > bzL - ^ ef ^ mmtatiteT') y^xit-n®

-?<D&mi>m$ixgaiig^^tixt'ao u^-rtv iffltianvfa-^oiA
sb&, ffiB&fts £a t, 'lie ©stiFSSt '©s^^aiss^s^£'Sii7<£(,'= 55A;ctvh#m&m#u

#tvi/^#c$m#-a fci6i:ttcn^©7D^7A (M'SE^wa t *i o y>y> & a 0

-tLB -.20



8300 0. 0 6 0 7 8
(1) m$tm

vm'ZtiTi '/«£(,« ttet>t>MR-7 u-f-j
U. Ztl&m'XfttlZmn LfcAE® PEC (Photoelectrochemical) 7 UJ

(2) mm#
jgiR7°l/-r< >/&#(:ck 0 x AE#(50 crn2)T#|-%mm(5 micro meters) © SdTe Ti Lfc0 C

ft •£>©$£ PEC -izMZfim Ux0 40 mWcm** (-2) ©*IB#&m#U s/c(i^!jdEELTffi

c 3) maem • Em
otyiz-T-f zmn-?u-7< . mm°iw&-kwm<DcdTete

< # Sft3 C tftt>fr-3tz0 BfC#Sft-6 75 mWcm** (-2) £T©J: <0 'JHStPEC
■izjuru'fcomni-^jEttiii, z(Dm&J:o t>m'£M<mmTgz0 PEGu-c. ®&
AmtiUD&EliTiSoS,

8300 0. 06079
ci)

tin 'tit' CdS-CdTe *®mE©*SU:: <fc (®S) ZMQmjTfcUkU 'TeOtmm&B
EUT CdTe/@@Sffl»<MIS ^f'J

c 2) mm#
ci-v ##) c:#9J:?k. i$aiK$, -ebxmitywmmz

mtuz o

c 3) m&Bm •
@@ZCdTe SEKWSft/.: MIS &^©m%%ef;i/|d:^ER© I-V#tticS<-ScLfc= ^ ©@@&&#ir - ^

mLiz-bmmz.'ki'^y ir(i@SSc©E^#t)-ti:*<S5C ti7t)ti'-z>tza @t*fk%m^l:%©(±. K-fc?
>ZiS® 10**15 cm** (-3) > h 0.1 eV 80 angstrom still L/cBT?® C©Bf

83000. 06080
(1)
xl/? h dt^ZZ 3 >X CdS /CdInSe2 ffiySKfCrH'Ttfclfrt-So

(2) Bf%m#
SStWESCJ: Dx * Ki ©CL##&b CdS Mo •>- b&6Wi In203 £

3- M/;*'7xng±i:^ufc. -oztA&cdTeicK-
A’vhitmw:,

c3) #%#m•Em
xi/? h d ff> ^ •> a ygrrlCj; D CdS LA. itS&g 90 deg. C.T j: 0 %&%©&(, #A4# 3ft^:. 90 deg. C

ximtz£, mmmEfr 1.25 *^2.0 v 5 c-?ft x $&@$r©(oo2) tr- ^ms&±# c/=. L&u#mm©mE©#i-

mm^mm^K'f cdsmc-c£&&%■£, mf©z

8300 0. 06081
ci) fflfim

PV ©fP^Cftl 'T, MOCVD 6-e©jE$5@©#mK"3l 'T5rft,

c2) #%m#
MOCVD /D-bX 1^ AEEES, ^E©A##. -E- UTSnSg'S^ir jb'l,'T, MBE -£>LPE #©#©:& t°^ ^ ->

+/PE@&^% Co SrU'-feyi/^H-KJ: D 3-5 ##&&-&;!/©##& 18%^6 34%%T%#L^^C, MOCVD ^<mt
ttcfgnx b 2-6EAmmwRmc&u-a mocvd ©^sissjic-o^r^t'c 

c 3) maem • Em
MBE, LPE MOCVD tiA@St©ES, Sx;l/-7°-y K ®aaa@^SETS5»k £&

tix;i'-7,»/ h(DW$.xws.^m%<D£^m<nz>o mt)mi#$© s-sEA^mm©im6/,^©##i:^mocvds®
liSfcSlSSiJ/fcE^Tl-'So MOCVD TESLfcSJl^fcli^y V -> v g£ic 80%6(,'?
tmELTU&o 4'T(±CjT.6©3Rf©mmt=«kS3X HgT^lSj^TSK^^tiTt'So 

&&iPa 2-6 h PV ©M%% DOE MOCVD CdTe t;l/T



tt i * fit. c©#c mocvd -er?m 5-t-ct, mocvd »< pv

S-BSYtrtS ©ICS3; T§tzZ t, & fz Ctifr i fc * 5 T* S^WJSCS? CTt' £.

8300 0. 06082 
( 1)
##6(i%(= n-CdS/p-CuGa(0.5)In(0.5)Se(2)'XT ojS-g-£tfe! U 6.7%&#i:. 0 SO '£@£fflR n-

Zn(0.35)Cd(0.65)S / p-CuGa(0.5)In(0.5)Se(2)'\-r o Ls

(2) msm#
p-CuGa(0.5)In(0.5)Se(2)£ n-Zn(0.35)Cd(0.65)S E±C 7 Ty v a.S;ff UTs n-Zn(0.35)Cd(0.65)S / p- 

CuGa(0.5)In(0.5)Se(2) Sm%g-SE##s ^3feffiK#tt*W3S Lfc.

(3) WfSSS • a*
'Vr ng-g-f;: back-wall SBET^MU BS 1 cm**2 0-feyl/fC 85 mWcm** (-2) ©*»36IMt£ Lt«s mSE580mV, 

a»«S620mAcm** (-2) . S«»£8lJ»$7.0%jW§&*lfco

(4) E&SWSa
: 0%bbbMS& n-Zn(0.35)Cd(0.65)S / p-CuGa(0.5)In(0.5)Se(2)
'vf-njg-g-

#i& : B# 1 cm**2s back-wall 
ES

: 7.0 %

83000. 0 6 0 8 3
(1) WJSgfitl
£¥s * K? <yAJjjVzi'fi-'f K, CuInX2(X=S, Se), InP, GaP, GaAS^*ffi-sfcil/* b g

O0F3e*<j£<?T*)tlTl'-5o Zn(x)Hg(l-x)X(X=Se, Te) (is Cd, In, Ga^iOSitWiZn^s 
K^-fr V5fctos tmil/TSLTt'S. ?^7-+a'J-fel/W K (ZMS) bnf'tfyS/3 >?m%
u wpv&mzm^s,,

(2)
V-tl/fl" K (Zn(x)Hg(l-x)Se)^E&%AT#%Us <»S»:&.fce«B$sWb 

3 Hg**2+, Zn**2+,
HSeO(2)**+, Zn+Se, Zn+Hg+Se >/ b V /<> Kf f -y D L/c„ ZMS *7
y - Klis /777^ h*3&*>^-asgt:ufcs

(3) m%mm • am
tVcB@&(CV K (Zn^Hga-x^SEii^ ^

it>\ 3- »*x»laWW'6SDffiy>^v-4-J1Li;—K^BSdti/c0 0
0 ZMS Of#m(action)X'<^ bvW=j:Cls 1.7eV -y 7p^$tlfco as-deposited ET*

»3fe©a«SE#Sa¥ 0.68 Ut. as-deposited EliiMI Hg C-5fcfeSKS&JPsWfiTI**.

(4) g%%^©#a
: 7 >7 v — $rzl 0 — -fe K(Zn(x)Hg(l-x)Se) as-deposited E

%Wm : 0.68 %

8300 0. 06084
(1) mem#
ti^WE^SatS/c&iCIi, CdTeEaft#©in-situ K-tftt>fr~?1z0 L&L, K-^° 

>H4j®gLfcJR©«Jtifflj®K^5*4iSo CdTein-situ K-1° ^’©To-fex^U P b-/<7 bTACa

(2)
b n v^-7 •> 3 L/T-ftS!bi: in-situ M K-^p-CdTeK**»«?feCJ®ffi Lfc„

(3) • am
HffiS£C 2xl0**-4 Molar)JilTT'lis K-/*> h PSEIi CdTe © Te -IM b*£»S. wft«fc 0 ifflBflftfis 

E^aaLs P(Cd), P(Cd)P(i)S^PS^'SlSdti5/cids K- t’y^gSEBI^PlSdtlJtSiiLli 10-20 ohm cm £4'30 Cd 
6 Te ©^SiiEESt (CiSffl d tl/c K-^°>

1/^tXS K-7* CdTe E4i£c fz n-CdS /p-CdTe xf ogg-^lis K©Sti I-V Li:. I^VTXT
© n-CdS / p-CdTe&IB%*©#*jG:#lis 3£Zffl«*'6.©++ U 7©iWK£*a*l/Tlr'3. TTLTIi^BT©#^
*<#MmUs 390-680 nmT'ffl^Wt 5 0



8 3 0 0 0. 06085
(i) m%m

si&rae>/<> Kf+yf*mmR%#a.6 ev)^t)^t-$i± 
?#Tu%u. 6aui±ffx h-r^/ mj yfii£<ti&®/&&&&Rirtiti* *©f=is/><jw&t# aat&tfe6<
*5. ^00m##6 LT, '&&bWiZ>%V> Cd-Bi-S @W$#*fF$iLx *©@*©##*m^a.

c 2) mm#
Cd-Bi-S @?§tf*(30~300nm)^^7XSfchtCitEL, «iS>

SW'Jfcfr* XRD (Cj; (JM^Tt.

(3) maem • mm
CK&fkLTA0, c/a Jt©^WW£ti/:= 1.5-2.2eVfflft'O -y f*m5iL/:„

j;cT, 6/:6l:#m<> yf# 1.6eV -y :/*BLre§ao

8300 0. 0 6 0 8 6
ci) m?zm
Cd(l-x)Zn(x)S-CuInSe2 'sf n®£(±, l/U0#3flTUS.

/UX7“L- h&T(iaA@©#*#aC6A<T#a. C©y?/l/X^U- CdZnS#0##*%6TK»a.

c 2) mm#
10 ms $ ON L> 20 ms IW OFF fa 33%©##$f4" ^ Vl/?/ <Vl/X 7° L - hg®*/80\ Sn02 g%±|: Cd(l-x)Zn(x)S #© 

CuInSe2 6©#f#&l:-3(,'T#efa. Au/Cd(l-x)Zn(x)S ->a -y hf-%f*fFSiL> f©@%-%E#Kl*
## U/wo

( 3 ) @f#0# • mm
/■'/UX7°ly- b&ffiZm'T Cd(l-x)Zn(x)S #*%&%##L/c= gm#W$x©#%a(x = 0, 0.15, 0.30, 0.56, 0.69, 1.0)#* 

imuzo Kft ”y/ffl®Wi«^'7> ^ U- b&ffiK J: Dx'-'V
X^#©m##i%#*##C##T# a C £*<as3ftfc0 Z©R#Tfm L/: Cd(l-x)Zn(x)S #li. CuInSe2
*Bmf
a©caLTua.

8 3 0 0 0. 0 6 0 8 7
(1)
®sw&i*> aa?*a, w«£->xf u^ix tm©6iwi\

^m^(:J;a CdS-CdTe ##©#ec-3l 'Tx ?#%#^*fa.

c2)w%m#
%#©BM$(CJ;aS^aBB<b*E^/:0 CdS#i CdTe#*m#LT##L. CdS-CdTe L/:.

(3) BF%$SB • mm
CdS#i CdTeE^fESM&ICckD*tEf aC tftV£tz0 ##a#:©#(mb/KSSSlTc.aBSaSirJ:0^6956 

gg/)<#HL/:. In K-f CdTe #liZL®pgS^$i(350 deg. C 90min + 530 deg. C10min)ICj: <0\m.mt L/c. CdTe #©S6l* 
Ttfa/C&CId:, S&-fT©-g|«'!-il(350 deg. C 90 min + 530 deg. C 60 min)©&T'£^f T©“gPgg$L§!(200 deg. C 90 
min + 400 deg. C 2 min)^^M"C& a „

#m^6> SSCfiki&fDtXC CdS-CdTe

83000. 0 6 0 8 8
(1) fflftm
S#[CdS / Cu2S] *#%*©&&©#*% p-i-n /\fD&a-fTVl/*m^L. Zfl*j#rfa.

c 2) mme
^$t/i/m©m;mm:©[cdS]m6[Cu2s]@*mm#6LTm-3/:#m% p-i-n cfi6©t;i/-cm#^f.a#m

*?anfa.

c 3) maem • mm
*©@*<AR*iau#&. mm[CdS]#©$Bi:a#M3iLT^a. mmR[cdS]@©$m*M 

^fa»\ t/:®siS[Cu2S]®©f-/^g^ 10**15
cm** (-1) vocx %$©%#/,##?# a.



83000. 0 6 0 8 9 
(DE3SB&3

CdSlyTS<to^tlT(,'5/6k -e©##l="3t'T©E^1(^%U. CKD^n-izX®#'!'* 
•tn ?x£ in-situ vmTut 6*u#@% 6=

(2)
7>*-7 / SC(NH2)2 / CdS04 WSrffll, 'tzii K5 frAHvl/XT-f h*cD^/<XiBE^^><- 'T> »

t ;l/E-fb(EIectrochemicaI Open-Circuit Potential Change : EOCPC)®^©^®^!-«fc 0 W5E btz0 EOCPC ®^@t6c#-B5-Sff9
(&g> ElSSzggx EJS) A#©S#6agCElMZ#*#'#-. mo#i@, *

(3) • ss
EOCPC %mm Ltz in-situ SiJSftirJ: o CBD (=J:6 CdS JM CDi&mnMfc±'^<DJ$g;£migffigtZ c f©S#%

#*E%i-6©l=0#%(=W±%^i&T66 c6d#3fi&. SiS> m^ea©@iJ%(= J: 6-^©^(i.
ilTt^iEgO-ifcL*:. Cft6©^^'3. CdS CBD ©ggtt^^^tLfco

83000. 06090
(1) mizm
2-6 j;a±©/=&i:isw@@i:W69be, ##©m(,a. c

©@AT#&© CdS / CdTe *1##%©##^% 666.

(2) ems
Ktt(true)^7"nm&£Mlsb&fr CdTe ^©Pl^*#X.TC'6Zlo©SSN

%%6. iRSx6^©mE®sttic-ot, 't, a.

(3)
WE© CdS / CdTe *R&m%©g^#$<&Pg^-f6#@MgBI±, 7XTT#a#&&%6Bd<±e(, 'C 6 6S#%$©%

E###T&6. @6a*p**+ /n CdTe #&(=«kT. Ctlb©S< ^^B#&#/I\Pmi:76 W<T$6. C©^%T(i,
CdS #©e&li CdTe #©#^%&[8l±76#(: L^gCS-, Tt C ©$£>£, {* n, p @^©^©##^$1#
#6##&75<W$lT&6. [5]#;©i£tiW< CdS / CuInSe2 'T ? T& 6.

83000. 06091
(1) W32BKJ
Cu(In. Ga)Se2 (CIGS)<-X©*imin?l±, ZnO ESS® Si CdS 77-li UTSE76 C 6*<0l'. ES?(Cd,

Zn)S Btt&mGIGS ©#mm#-tvl/##(=:t# < B#f6. CBD GIGS $@©gffi£Sc!BT£ 6 nJaBti
/6<S6 = -eCT CdS #SS#© CBD 6 CuInSe2(CIS)©#MT©-fb#§m©#f8&m9M-6.

(2) #%m@
CdS £ CBD lC«fc OEfi-f 6 6 CuInSe2 ^ S dl g @ 1C 6' © J; O t£ SS £ R {$7 tK XPS 67kBBH®££gfF# Wfouartz 

microbalance analysis) (Cj; I)

(3) m%#& • sm
TV^-TMifc, g&@IfcJ$©B*6 In ©S5Wj:.x y f- y#$/<x^#T^-, /:S&6^ $x-f 

m'y>, $til©i£»g-eCdSe *^BlcSSdtl6C C©^#^6x S#igg©&g###6#%CdS
tlfc. ##/<x3»e©#mbl:j; 0.

8300 0. 06092
(1) E^Bto
a-SiGe:H Jg$© Ge $8g£g-fbt*6C 6T> gWKlSC/cdfc'O Kf + -y 7°©#fl£f#6 d 6t)<T'S 6K Ge #g©±#^#©

%3%a#@2#YM-6#d<a< bflT66. ^6^B@g©M#t. -S-^©ES6MSUTPK6.

(2) msm#
a-SiGe:H m©^g^##6)b###©^%mg%##<&. Ge #g^±# b/c.

c 3) m?zmm • sm
mytau St ©-Bit @#T©%S$(alpha def)(C®it^J LyTzg^1"6 C 6#&&-,/=. Cflti Ge 6 Si SE©®^©^>

y^=h'> KCDBW^SEMEEerBE sigma(e) ©±#U#m©K%\ gitE^fi:t>tl6^66#Xbti6o R#K*l@g 
sigma (ph) / sigma (d)!4 alpha def**-1.5 K^oTg-ft-f 6. C©$(± Ge #g©#Al(:#L >7xiK K^W-fr 7^+*^ 
mb. ###$sigma(d)*0^f6y=66m%T#6.



8 3 0 0 0. 06093
(i) mssw

OfcKr IA' a-Si isjVffl&£&to

c2) mm#
c (0%%kvm o-feyWif-omMton ^ b^LT. #-fevH±s^Ex 3£S*iaa§£fc*4J&TS»*fi

fc&tl-Or'S. C©«fc-5Kl/T«JfiStlS^7X TC0-PIN-TC0-NIP-TC0-PIN-...-&JSi: (,' ? Sit . a#0#—
>f >7=Atvp©#r3#A^#-©^>?=/#-&

c 3) • Em
«t©.5> 5. > ss Ltzmmmmm ? >?:J*m*ji4mit*&-xit&t&<DEMffiitkjuj: v is.d @*

0t/|/0#& S?iJSS=* 2)
§< LXb-tzjMmmfcZtiteit'o 3) ffl-JrO-feyUOJpSiSS^bTfflMJOfcKifll^W—tt*Srfc-tivS::£K:«J:!K E^tolSE 

UT®*©-fe;l/|*IiCiSUb*;l/ h-f >m#F£m§M. SW (Stae bler-Wronski) S&**ffi<-r*Ci*n?#S.

8 3 0 0 0. 0 6 0 9 4
CD mztm

KrtOttffiW*. p-i-na-Si-fe;l/0rtSSCWS«FftCXlft1tt**3Vr.

c 2) mm#
#tSEE<i:*etHcg5@1-5jiE6lrBa©iSinK MltLfcp-i.ii a-Si*i#mm©4ai##(:&iaTB#6.

*S6K3Uft&tt&s n y ^ u - •> 3 y ir J; ^#£©4^v^E®S<bS@®rBS©S#lc-o^T^
S*##©@{k6 Staebler-Wronski

c s) meaem -
mtfim' ei, hi, H2 (Dttmmmzmntz t, w&&&mu u p-i-n a-si tvma©m^yo ? T'tjwmttmtm&y 

*\ *1/-*/s'sfrttfrviz. ctte,©^m©#m@fB#©#nLx tvi/©amaf6@*% 
1&%i&Ti-Zo Staebler-Wronski %mi±f+ v7°rt©^>^'J yf#y KttSBiiSt'El, Hi, H2titS©(,vf«fc 
J&<% C © if£ £> iZ «fc -p T& LJ^-TC 'iWiJgft S tlTt, '/<£ (, '0

8300 0. 06095
ci) m%m
4-3?©#eT#f/W Xnaa@© a-Si:H ©##l=(t. 210-250 deg. C ©ffl®WBa£^tlTfc D , COfififfiffl'TiSSbfcK 

|i7X###$CCCH))^<8-10%?^,5. ^fc^©ffi®fc&*K«>.5fci&lc. a# C(H)©i&T^K»3fiTU6^ «*>-«»*:&
ieess^scbLTx *####«6m©##mb<&m^a.

c 2) mm#:
*88ttBfl?*£Sj&'&490deg.C tT'S-fbS-tirfco

c 3) memm • Em
iEzS7'l'ir^:fflS©^D -Mi:«fc oTiS»l/fc**ft7J&^7 r X y 'J n y(a-Si:H)©£»»ttm®K J: 9 .

@250 deg. C ^±©SEzgffiT'T/<'r X^M©m&##T# 6 C t^W'-p/:. Ctlb®mT'li, #^## 6Sit©#M#%# 
7)<»6tl/c= JgfcjfokSWba- Si:Hmf©y>/V F©l36X,^/<y -X- •> 3 >tS®^

83000. 06096
Cl) Bf%B69
c d C d T e fl#X?Wft£

SMSlSttliS-C^SttC d O^ifiSrU ##SW-50

c 2)#%m#
a%%m#c d om^ib#xy i/d"&6s#cksi5#me&TmKut. #^u/:m©sm. mm##. m

©++ v T&mmffizm^ztztbiz. *-A/s®@©sg®##t>m^tz0

c 3) w%#m•Em
c ©%o©K#T#e LfcKli* 0@&T^aSifC$ -p fco MoitffiiS. d-x-;VS»S. 4^>J **1**1 9xl0**(-3)

~2xl0**(-3) ohm-cm. 15-20 cm2/V-s. 10**18-10**19 /cm3 ©$b0T£ -p /c„ 3fe^©ECH-rS^*'fe>.
+ V 7°li^j 2.42 eV T&5 C tftt>fr-p g#Cb@I*#sg^#T'^ U/cE©^\ #&#. EM##. ^#W<muC6A<
tS^'-p/Co

# B - 25



8 3 0 0 0. 06097
(1)
ffiiS (T = 4 0 0 ~ 6 0 0 d e g. C) 5'--CJfcfiL,fci8SBg (10-10 0 mm) A 1 G a A s JS£)8(,'T p

A 1 G a A s -(p - n)G a As U,

(2) -am
@S#:JI©@$£1 0 OnmHTCSa^tSCiTx U'f K^+ y^SJB©Wfei«6ffl«©X^^ YJmW.ZTtfZZ.tftX

%tz0 CtLb©^7ttiiS;WEIi, S6Sffi*Ttf-E,6. &zSfi®jteBSfflitok /-i y 7ffl&©zl£(K 
x6^©Bto$$tt©[6l±frj:f), SftltK = 1 0 0- 1 0 0 OTe t a = 26-27 % (AMI. 5) 0ffit'£$£&%$

( 3 )
#m##: if') 7A ts, M:pAlGaAs-(p-n)GaAs, : K= 1 0 0-1 0 0 0, : 2 6-2 7 %

(AMI. 5)

8300 0. 0 6 0 9 8
(1) meg#
;Xm<bTe;t/7 7%y V 3 >(a-S i : H)p i n(*+'J7)

5=

(2) mams
7mkT^;V7 7 X •> >; n >( a - S i : H)©)fe.WSStltEiCfeV5S^MISc©iS^*, Kttffl

OWfc) *ST4U*«^IC-3^T3rr.

(3) 0f##m • am
fyfV K©=o®mW^Si=S-D'g, ajf61-s=-o®£WMa*SM|:U

HS^-MaR (DB) ©S*»fco W&ftfcBS'&HaR (DB) Schockley-Read-Hall ©5CR (SRH)
^'V77Tt©a-S i : H p - i -n*Emf&t*I©4"^ V 7JRS*®JFSf5®Bli, R (SRH) 

Tti-S-r-B V 7© K V 7 'C 9 , R (DB) lyfc#£|±*+ U 7© KU 7 hfiiWEn::
tlZtiZo

8300 0. 06099 
(DflFSSBtt
saEfijffi-ct satm'*»3i®aa$ttG a as t)aj®sti-a'5^*»3fc©jS^««ii^Tai utskl

Tl'So SMttG a As ^;U©WffiK^ftK®a©&£7*-X^ —b^SEfitiHi, a.
G a S b li/O K-=r+- 7^0. 7 2 e 3-5 <9 , b;l/©iEE»®«aT*
5. Ga As -kvl/6 G a S b -k7l/©ma-^WC J; 0 , ^g#^$©7 7f A#G a A s / Ga Sbitt§iM«t5.

(2)
a#©3F2M*-b^ia$®«U'2l8ttG a A s ^W&^f?mUza $/:%%(: J:0@-&&BaL/:, fS^ftCffifl?©** 

G a S b Ut. CL tl S ©x6$SiJSltiia$C NAS A 1 2@©@%%G a As h 1 2@©
#^)bG a S b 7*-xX —feyl/*fipo^ L, fX h Ltza

( 3 ) WIESm • am
Sac«J:t)»JSU3tS^*fipoGaSb*IS6«aTaSia¥8 96a±*aj®LfcoGaAs ZGa S b^y-rAS-byl/lil 0 0 

suns, AMO TWS#iW 3 0 %&±£Ml&T# S.

( 4) £$&$©&£
: GaSbx : 8 %&_h
:GaAs/GaSb,»: lOOsuns, AMO, : 3 0 %JK_t

8300 0. 06100
(1) W3SB6-J
M7'o-l!Xti:Ii«#xt; ttzS n©|^B&a*Hf< di©-e§«x^U-/^ □ V /X^CJ: 0 I n 2 O 3/ I

(2) wgsm#
X7"l/-/WD V I n 203/1 np (#*&,&) jg-6-©)fcSm*#tt6ll^5=

(3) wgggm • am
3 4 0 d e g. CT«LitIa203/Inp i^©Mi$iLT8. 7% (###1 0 0mW/cm2) ##

# B - 26



fc, ztli®S?T#Ztltz&mt. ^PS^-C.fcOjSC'fcOT®50

(4) £&%$®3JS&
ffiffitm : I n 2 0 3/ I n p , »:»1 0 0mW/cm2, m&%J& : 8. 7%

8 3 0 0 0. 06101
(1) W2ZBM

G a A saBliiEt'SEyeESS^^/c^ •e®tt@®55c6frS^?5<iffctiTl,'5o Ruir«fc5Ga AsS@@C@irj:D^ G 
a A s ftffiMIk# (PEC) *»®lft®£«ttfc0:fi*St*S.

(2) mm#
R U C 1 3 vmmSkM LtGaAs ^i^tn-G a A s U Ru (: j: 5#m%@®$JA&Bg^m I - V. )£E

#t%mi -v, xpscjzc-cm^a.

(3) me## • im
KOH-Na(2)Te / Na(2)Te(X) - ^77?^ FSOl^Ky^XtifiRuC 1 3 rEffigcg Ufc n -G a A s l, x 1 0

OmWcm (-2) OAT##: J: 0 1 2~1 4%<£-jEEUfc0 C®H$jlJST#fc®{^ Ga AsIffifflfi8^IA<
Rul=«t6%#T*&lfU /<> J (SC) tV (OC)

(4)
#m#M : Ru C 1 3 -CSB&gL/cG a As, til: n-GaAs - (KOH-Na(2)Te / Na(2)Te(X) - 7'57t-1' hS

Sfl:a7ci8»5trt) x : 12-14 %

8300 0. 06102
(1) msm
iBS^SS® In(l-X)Ga(X)As liftxi/? (LPE) TMl/fcM® In(l-

X)Ga(X)As fix V 7SS*< 10**18 p i KtC<k'®S^£tf«a*:
AClix V < ti < TfcKCSttCt?A%®y v7 V 77'icj: oX ++ 'J 7#a&TtfTp E
C-b;l/^S^-f5„

(2) w%m#
In(l-X)Ga(X)As ft±Si:«fc **»&$* y ? »J 7?** l/C L P E ic«fc 0 JSfcB Lfc. P E C-fe7Hi 1.0 M KOH-0.1 M Na(2)Te 

/Na(2)Te(X) 4l/K»^x®BSiU MIi:i^777^

(3) • dUB
In(0.53)Ga(0.47)As - KOH-Te(2-) / Te(X)(2-) - 75 7 7^ h^®PEC*B%f&Tx V(OC) = 0.41 V. J(SC)= 40 mA 

cm(-2),FF = 0.32(100mWcm(-2)®t*)x E&X&S 5.2 %£#£<, MI-V, C-V®##^6x J(o) = 3.5x 10**(-4)A 
cm(-2), @@77??- n = 2.56, 75 v |*/<7 K«E V(fb) = -1.74 V/Pt, J (SC)^<7 V 7®6£f&E/5<0.9
micron ?*SCt^6x E®p°@t5W'C tftt>i)'-otz0

(4)
@m## : 7 V 7 7 Lit In(0.53)Ga(0.47)As
#m : In(0.53)Ga(0.47)As - K0H-Te(2-)/Te(X)(2-) - 7577^ hS
mmW : 5.2 %

8300 0. 06103
(i)

®7^7 UTt^ GaAs OPEFT®@#/<5/-?/5<x 3tee«#fi:«t’5*i^i*S»JS®s&'*

( 2) E52A#
-Y^-ySA^U/xGaAs OPEFT ® h5 7X3 777? 7X> 7- hV-XSSx b*yJ31£&KR\Si-ffl&&tl(D&

@tx tMSCK«J:OW^fc0

(3) •a#
%E#l:ck0 h57X3 7?’??7X1 iA#<#nLfc„ 7- hy-xSSfcWteJK 

#(:ckO#0l/x 7- h 7 - X@E®#0(c j; 0 ^ L/:. #-y hifr7^z6gfcli7-t- 
t>;ug®^i75v?x@a®#n;:j:o#anopeft®?<"?d



8 3 0 0 0. 0 6 1 0 4
(1) sBsaati
xmmmtft-giZ'f, uu-xmmomwwcg-fbu-c &##(:;%# G&. GaAsisii;

*-i -ypn's?? 3^^ hS«©K«aM&a©£W**T7o

(2) #%ms
4^#±i:#eu^mmKi=i/—Am©mai±%m6piGAu: Ge = N; (Ga a

sffl) , T i (Siffl) 0. 6 9 m i cron ©-'tvl/XA'h"— l/—If—(~ 20ns)tl 0. 6mi cron ©c.
w. C 0 2 l/—if—(~ 1 s e c)©m#*fTc^. 1/ - if - ©EM^^Vl/f-lix 'mmcMMdc

3>f ? hV-ASUS^mx -61/--y-/<vl/X&*<V-h#%©s I

( 3) smm • am

8300 0. 06105
(1) m%.m
MOCVDtMl/fcGaAs, A 1 Ga Asi, *ifflGaAs/A 1 G a A s#i&|C"3UT#Wl,t#m^fo

(2) w%ms
MOCVDfeKcfcijGa As/A 1 GaAsIOxt'^v/t^I^-jfco Cfl 6 ©%©##, ###x Stit£SME l/fc=

c ©^fetcj: o l tzgmmzf&M $-&tz0

(s) m&em • am
G a A s © K- n- K- t° 7^T 5x10**16-3x10**18 cm (-3) , p-h'- I: T-9x10**17-4x10*19 cm (-3) ©

mL-z*mx'&z>a
<t LTx n+ GaAs / n Al(0.3)Ga(0.7)As Z n GaAs / p GaAs / p Al(0.8)Ga(0.2)As / p**+ GaAs S i K - if 1/fc G a

A s $S±fCfFSIvfco ISISt UT Al(0.8)Ga(0.2)As U *-5 y ^ 3 7^ ^ !'#?©#&&&#<'X 6/<y 7 7
-@©HC Al(0.3)Ga(0.l)As £a6 L/:. C©*K%%(6.

8 3 0 0 0. 06106
(1) SF2SSW
Ammm^cTG a A s *^S?6©SEt-X h£Wx Cio If 5tyl/##©^# 6#m%&M-:x aWSKS

£®-p7titLtxX btDimnzmZtZo R#C4W j-rX h^lx 41gfit^a-zl/fa^n-irx©

(2 > sms
GaAs*|#%%©giE'fX h64 W t'fa-;l/©ItffifjfX 1 9 8 8^9^7861 9 9 0#9^ 3 8(CfT^±(f' 

6fita%© F Y -1 A&mmaz# a © p y -1 mm@rm±Tgn * cif c f=.
SlE-rX hffl© G a A s p-Ga(l-X)Al(X)As / p-GaAs / n-GaAs ©SiSTx 2 0mmX2 OmmXO. 25m

mT'®?,,
ffifl-rX SlExX h<bPIG®itx if<"X©t;P&5 4|iffi(,x 2 TlB^S^HrUx t©2^^j(=@iRL

TU%. CC^e-fa-;Ki7-5-/^yiz±|cS^ESdtix F Y - ley-f^U n>7-7-7l/-f<hPIbfza

(3) sf%#m • am
BKEf-X h : 1 1 3. 4 6mAf:^f:©|:*GTx $S±m^SSFSTI* 1 13. 7 3mA

BKEBmii+O. 2 4%T'®5o
ffiflr-X h : aRg#e©/<x;<-f&&x Cfl3©G a A s 4?;UfifftM±Ti®gjf::ffi/f'FU mMWf> U n 

TU&C6atb&-,to t^^-yl,©^gR©m*(i4. 1 7Wx S*{tifj|j:4. 5WX'&-,tz0

8300 0. 06107
cnsFssaw
s i StK±T©M O CVDiC«t5Ga A s ©afi<kx Al(0.1)Ga(0.9)As/Si 9 663.

( 2) SF3Sl*lS
m@g;±©^%UG a As&S i ±iias-t & %. Al(0.1)Ga(0.9)As/Si ^ >7=A§y*B-m?fe©#tt£!gK;E>0

(3) srgBmm - am "
ge®S©ffil,vGa As^S i S$±iraS1--5C Al(0.1)Ga(0.9)As/

Si 1 2. 8% (AMO, I sun) £^Gfc0 Al(0.25)Ga(0.75)As/Sifi5ig*ffi^tUix SI&
ttitrtf 3 4 %©i@GS&#$&#a -



: Al(0.1)Ga(0.9)AsSig : Al(0.1)Ga(0.9)As / Si 
: 1 2. 8%

( 4)

8300 0. 06108
(1) mum

1 n /<JWt$mv<D (*+'J7) HS'&CiOgSlS&^lHEdftS. / W £Sffi©mS-£;6< I nP«
H-S(r«kt)i9^5o

(2) mm%
PC- 1 Dnytfx-^n- n

c s) moem • mm
ef V p**+n #m©^< n**+pSiSJ: 9 &iE(,'m®E£# 5>fi5C wmSfc&ltBLb&ltfr-v

V 7 p**+n InP *iSmftisT 2 4% (2 5 d e g. C AMO) *®X. 5 5 „

8300 0. 06109
(1)
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fF§5! U/cJ^O^-yUSSSli 2-12 cm2/V-sec. * + V T^SI± 10**14-10**16 /cm3 Tab-t>/c=
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?6r©®85cE-S-»<#«k7&&/I©JS3 ©&*£*-££#/.:= gE©#im#(:J;6AM (x7vx) &#©^fb£itif LT. 
C©^7f h V 7>S£7y^7l/^©SziS{ti*^J*ef-B j:-e©S(i3 %«TTx (36X/^#%T#S@m©6©-C$5.

Kf+?:/#:#U%\ x7>y ^SPPv^fvOK^-r-y 7°a©S&tt{±> < 617tvi/7 7x##
x^? h^SS-g-Ojttolc, ikt>tiZt>ire$>Z<,

8300 0. 0 7 0 2 4 
Cl) E%B%

-7Uj$EW®^E©—9$^ LT> 7;&il'7 7 x■> 'J n i@£l 1 ^©StES^xB^
%.

c 2) msinm
7t V * ©/ - * - 6 7 7 7X©/ - * -© 6 ^ Z y©7tVl/7 7 X i/ V 3 7 ±U"C2 1 6®ICOl,^ Xzlh^-y 7

x (Casarache) BB&BEKTMfl-StEx Xvl/V -7> (Grenoble) iZxT^ (Ispra) dTSfiStE* 
HEU/Co

c 3) mem# • ^
W@l:$)^6*l#)kBm*El=t;UT. 2 1 6@©e7x-;i/ (X-*-5%) £, msS©g-fb(cMSLTs SSWffiU

tZo
X<^ h/l/KS$i|$©^H(ix CTm5#©^bA<#%3 C 6^ UTtSStiW-E-yTt^, -§P©t7x

-;ncjot'Ti±% zssic/sbT&m&cDmtfrmtz-o-ct^a.
c©mm -m^HEi±, 19 9 i#t^ift#ij-6jia.

8300 0. 0 7 0 2 5
CD mizm
%v h 7 -?mm*}guztft67m&<kvjmjm;(D&mimu-t, ##xm%a^#cT##7a. 

c 2) mm#
: 1 ©S i - G e7^-71/77x#^ (7X##tr##6#-^%t'##) dot'T. G e©K«Rxl-y vW©^*7l/

tcj= xmm&s-t? - ymm^^a ut.

c3)•a#
*%©#%-#"& C 61:J: CT, PS75IE0E^H©±¥^^»W7-5 C £frt>1)'^tza m&maVLm*. X/<y^&Tdc 

ELfct)©^ /p-ffiElcJ:5•>7 70#gFTEELtz^O^tK %#*)?*S.

83000. 07026 
Cl) E&BM

P I N@*#E%©M%E0K&$tJPR7677^X -©#?#, XXMEZPJB (a-S i : H) ^ET©/<7 
Tt'SCi^®fcffiS/«£fc©©OioT^^0 2o©g©E(:#t^jg^mm^#7act(Cj:^TC©/<7 F©@#0&a&f 
S-bt"C> xX@MfcBZa-S i : H^@0&6<£-g^7o

c 2)
XXBfbEZa-S i : H©%E^@cfi75fc&(C, CjT.6©E©Ml=H$trAmm(C r6Pd) ©##6^ PE (a-S i :

h) ©mm&mEut.

(3)
P@A#@g%t^##(:(±S i 0 2 6©#mcmEAm^m#7SC6(:j:cT, MiScE6ic^Tii*n75©^|gSStifc„ M 

&m.ffi<Dmnits wizmttiz&®<Dmmtmmzw#u%t>=
^®@©E@*<2 0 angstom jilTtib, U<Ct \
c r <fcf)SSUt'^0TS5K @#lBf0NkM,TU$7.
P d Uti##T$5^ S n 0 2 %g*7/l/^ >X?X7?mm UR DH&0l6l±

u^'Sfenct^



8300 0. 07027
(1) magto
i>3v b*—?**- KiP t Nmf'f*- bvtfntzm&-7a-7T'tJ^ A^-T'77-r h (tof) 

toic&s-rs 2mm<D^m^^ c©#m^6, K©##i=^uT#mi,^.

(2) mams
^3'yK-^t-Flt GeigCD^ft (0-2 4%) £ExTftS! U/cT^VUX 7 X i/ V 3 y^yl/T-^ A (a-S i G 

e) iW'SfMlyfc, P I NM^:*- Kfi, IMKJ >b--?(Da-S \ Zm^tzffimxhZx, ZtUbtD^yfMC-o^X, 
2 ^ScT'EST’o 7 t Ufc„

c 3) ma@m • am
•>E y b^-y^^r- bl^DC^U7x^ij-xmi^yay 74 

<tu zc>m±m%m%Lmz.m'ctz>o doMs*^ 7x;rx^-e cf> cfoifa^mem^ $ y K^+y^tE (?)
M©4m®g©Mi£3?iti-e§-5= Cfl6©/<7/-^-^3. G eggtfigj&irr-Sfcomu C
©m@y§mi;u yxsusuyx^©^m<k-a-r5=

5 micron /POP I K©P I #0##%#:/O 7 7 -f Vl/|±^ •> 3 y h4—fVd"- 7 f:U j£DC^7
IC-ottTx 6. —^ E^f6]©D C/W7X;##nf f6/Jvf"-E>=

8300 0. 07028
(1) ma@to

KRF^Zd -amSE&muT, i/yy-^V * Am-&#X&6mmgT*#fb7 tvl/7 7 x 7 V 3 >MM a
-Si : H) MU

(2) mams
i/7 >-/s V 7 AE-g-tfX^SaffiiStlfca-S i : H©amaS^##%l=MLT. 7"otX/<7y -7©B#©#mto%

masm^^-s,,

(3) ma#m-am
rf/d-ffim^ks-ffcr^&wxtxvv3>#m&Ba-#-ausd, u?>*'x£/\u7aciSMTtsK

(%#&©#&# 6 ©l=W%TC6 6 C 6^0/:.
1 5 angstom/sec 3 TOaffiSiSST, <SKPg®6 (1 0 ** 1 6 cm (-3) RT) ©a-S i : HM^1#t>tia^D-feX/>°7^ 

— i>,;&2fe/SLfco
8 angstom/sec HTfflEEiiSUjoC 'TfFS L/c{£^PSeffiSET'ii, m? K V X hS*li 1 Z 5 Kfa'P U *-Vl/©W&g 

feSc#dtLT^a C tfrmtb itltCo

8300 0. 07029
(1) magto
Teyi/7 7 x 7 V 3 K##$^3x P©#miW#%)6tiTua. C©A^6, %&##

$-s-fb$-iiac6%<. y y F-y#©amaim<&±(fac 6img#^mam@T&a. #0-^-cta/o-a 
moR F/<9am&maoMa&ma-fa.

(2) mams
^□-am&©RF/N07-@S<£-S{bd-tirTiSnDa@©SE^t)fcb-r> #±RF/<9-&%^-#-6. tfim±/d<7/t:-ify7>©a

^m**susufc„ ttz, >x#^3. yy^.m»^m^uz0

(3) ma#m-am
^iSCjsIfSa#m$67J:VI/5#@iSt@©DOS (4m@g) 1i, RF/n°7-£2 5mWcm (-3) 2T±#3#Tt. M 

%12 OmWcm (-3) J£(±T{;L ammmif 2 angstom/secW±(= #T#%W. C©
-emaw ^Aica^f a m@BfG^i=ea-#-a t©<tst>ti-s0

83000. 07030
(1) mas to
amaa&a< u/:#©. ymutT^jiy 7 x y v 3

(2) mams
Tvl/Xf Z/ZvkSam^T'©, d c h n >X/<y 7&T\ aa#ai@ ( 1 0 angstom/sec) T\ vjcS-fby^Vl/x 7 X 7 V

^>SKMGfc. c©if>yvi/t4:+/<i/^>x-am-aa»& (c-t-w) . 4^7^77 7x-/</(7x& (c-v) > 
/<Vl/X%S%mm& (PTSCK f-/At777^ h (TOF) #© ^ ^ g"*UT#fmut.

(3) ma#m-am
@#0 a-S i : H-if>^vl/T©7iVU;fpftE (f ) TOtKESS (DOS) hU 4-5 x 1 0 ** 1 6 eV(-l) cm

(— 3) N y >F-y©e©xj:vi/:#m6E (f) mrcoDosm&mu 3-4x10** 16 cm (-3). •g^w-rd’vu



(C) (i2 8 0 deg.CC © CL <!:ZZkZsFGTl, 'a
,'nmt, st ai^  ̂t ;$<a =m&a„

8300 0. 07031
(i) mem#
S®ny^? hi!liSjfca-b;l/©T-y-r y£UTIiSaot>cD'ec>5<t:S*)ti5^ S^igyD-fex»WC®®/<£C<k»<^6T

V®3y^^ blMm£. Et l=M%LtgB&SMByotx?Kf^U. at. EU'-r^x^-Hb

C 2) Bf#m#
gB^SiSH^o-fexi. E U 'T^xf- -t-fbSWt-Dt 'T. Smr.k^TilS-f 5=

(3) #%#m • am
gamemmyptxtit. #e&&utivc. u v^xx<-«-tot-mtw^tw. c6#

#*&%fotX-C*&. Ctlt&LT. 4-6 E© V y/x 7 < a. f©t*6. SB3y*7 b*R%%
©HiiS3X hti*i®tM^Uto
at. .yf y(*m+mm) -f^x^+<b^&&mgut.

Pimt-v-xf K^7* - A/ft £if-,tzMMffiakOVffimmzmZZ £&-?%%* C©EU'-r*x^ -HbS*. ^BQB’>Vny|c^ 
E U \)fc h x -y 7fi$ii'x©jl£B < *>©-e&50

8 3 0 0 0. 07032
(1) m$zm
$>'&& ’>>)=! y^mWitStfa. @%^%%fa.

(2) ESEflS
U 3 y^SMStfctfa. #5)-Stjo'tj-5S*tS®M%t-o^T. at.

lfa#E(D]WM:-o(, 'TiB^a0

c 3) m&em • am
mn±. 6a@s©ts&stJ:^T. a c a a. u, «^&©sstt^5sndn

-cua. 200 o^a-etii. ssffl©tE«*^m?6t*;t,>t. %%E$i e~i 7%»ma$tia^^^msnruao 2
0 0 0#(:(±. 4i3XMW-^i-i:J:7tM!)Ii‘j:7Ti,'T. lu-y hSt9 0. 7 5~2^jL-tta^i6SiJdtiao 
%3x.h©?%. ffy3 0%^*M#©tvi/#mi:Mt)a3x hT666^a-e*ay. 

ffmii. u* -= tyotx%m<f^ LTffi^na c 6^##?# a

(4) m%E$©aa
## : ^BB-y V 3 y
%%%$: 16-17% (2 0 0 0#aT©?@)
m# = mmm©tme*i#mm.

8300 0. 07033
(1) m%m
&&&•>') 3y*#^mm©^v 3y^yzf.y b©E»s&£Bf&-f a, 

c 2) wgtrn#
0!f£&is I) 3 y*^jb%mm©0^^V 3 y-Y yd> bt J: 0#@-#-ayXxut.

(3) m&Brn • am
EE# 4 4 x 4 4 cm. 90 kg^tO-f y=Ty bS-SitTSa, -Y yd’y haft^Fl t8#BBB©a6^B bti. Sbbb

ztDum'Z, 3. 2%##&?#a.

c 4) m^mcDM/s
##: Ig»a^'j3y 
%%%$ : 1 3. 2 % (¥■%.jffl)

8 3 0 0 0. 0 7 0 3 4 
(1) ffifim
BPV-7 -ttli. y —(Laser Grooved Buried Grid = LGBG) > U 3

y*m?m©f&3x bm%mg#*E%Lt. c©##c^##g#fa.



(2) mm#

(3) #%#m•sm
BPV-7-4±©x^ >%#©###=&(,G/cLGB GiMSftilii, %&#$ 1 7 ~ 

1 8 %%mf&Ltz0 ®3X h©^BBai/ V n >S&£t£xl£, Ml:>/ V 31Wa t tSt)©S!ig3X Hiri'ti
0 0&M-& C '5.

(4) g##$©ms
## : SSiFn v V 3 >

:17-18%
&#: LGBG^^m#

8300 0. 07035
ci) mms®
vvl/^iSS (0. 4 4 2, 0. 6 3 2, 1. 0 6 micron) I/—f-X^f f-&, S* '> V 3 y*

^mrfi©^FS©HStrS^-f--B=

c 2) Bf%m#
1/—y-X^+±-(±, ##7?$,3 > C 6T#3. #&%/<<"7X & U <# d c86'W7XTT©xd'>

x^t >mm, sssEta cob i o mm, x-rx^-YAcmm
^-aMjm6m%@©B#6<&E^-7^c6^T#6. 1/—y-X++>&T(±, ^PSeS^^Wr^SiS^-E,C 6A<T#, #
7'1’7^-fAm is-;/* > ms-r-5c^»<-c§

i/-7-x^t^-&©##^6l/T, dW > h •>* > h -y 73 h©S^SicS-3'< h-y73>^^ hi/+>h©&

s©ms, fej;(7, wc?-c 7^f o&m&ar#-,,
ut, 'Vi'f&mi:*-; ? *tt$*EJ3u-r£ c tfrv%tz0 3 > t° ^ v -y y#,

SIJ©^S-CSUSLT(,^ymm%6#iE7aC6(:j:cT, teScSvy6C6^<T#&.

c 3) 0f%%m, asm
i&(DfrVTjj&t®.&&t>-£-C 1/—y-X^+ >^#*^#76C ili, v'J 3 

3 C £ £|H1E 07to

8300 0. 0 7 0 3 6
ci) mse#
-fe;i/g@icu-y--c%<rsttu-or, f©fi=mm3>^^ h&RButuW)* ns—r-mtfvxffimm 

3c#$tiT^o, 2 o%^@x.3gm»$tmauTusy-xt&6. c©i/-y-%#im*K@%©a%%%$©mBi=-3

c 2)#%m#

@{frLfc=

c 3) #%#m • asm
%m©mm#^@©*mm%6it#(u-r, s*©ss^s-e,0

-e©B*©fTtX/<? hvl/j^, #f=g#B@%T0X/<^ hvUSSri<|6}±LT<,'3 ::£•-£>, t%^iBT©@RA<jg<
mgEiKm75<*s < Kr>x^zz.tfrmft>tiz>a

8 3 0 0 0. 07037
ci) msgw
a* ^y-* -©^bbq v 3 xc-3^r,fflas*? .to' a s-g r o

c 2) msm#
Wackertt, Photowatt %fc, Itasoia r %t<D0%£im -> U 3 L B I C-’PF T I RSJS

»'b, \ %mtz=

c 3) mssm • asm
6$TK(±gCTl'%l&&£k->'J 3>4>©^#i UT©®S<b*-*'>©ig-E,#t'*<, *R@f6#t±£

0#f:#CP3(,



83000. 0 7 0 3 8
(1)
'st*- ')7<D&mmm\zMi;T, arU'^w^/n&rai&u

fvi/& &&& tifci&g&vmm&iM t tmt s=

(2) mm#
>j >tti&vimt)mtevtm*te-f'y?ji';£r£mLtca znzzs imsxfrVTbtz&%z, 3y t°^* 

6LTmW:. 4-IHiEfr-r 3 e^/l/A' 6# Ztitzftgtit® LfZo

c 3) maem • Em
#LL^#efvw:ck6#m6. %{m#©#m# J:<-&LA:. ttz. m*K F-eymm^zvy^xommamt

t>=fc<-Slfc0 d*ifc«fcf)Hf

8 3 0 0 0. 0 7 0 3 9
(1) fflfim
%®mimomnmg!g£k •> v 3 t©-> v 3

(2) mm#
2m®comzm%£mMi-6o m-c, (Kf-67^-t7^-©f%) 6^7^#&A%%et v 7%m

s-ir, ^3 >-E#<7-uy=.

(3) me#* • Em
m*s.ntrie5mtmnzft-= t##A<. #mf&6?t*sw#i#<R#*'6Tt. 5c 6A<^#c

£t)7P$tlfr0 Z+ V7©x/f 7^1" A|:*UTI36/,^»@^#X.%UC6t^UTU5. c 
K%@mCNaBLt. -e®#til±^s^T*5o #

8300 0. 07040
(1) ms@m
SSEiSSm^mSI^E^tf-Ag§igEfic*- K"C#3^& (STEM-STEB I Cfe) *@76.

A ;/ V 3 \ -%A#t- A00@&ac J: cT9l#ec *%& 6^,3 bA'I: U -££>•£
XZ(Djj&tDnIM&iBffi&ft■? „

(2) mm#
AfV7A$lfc% ^eayV3> (PNM«&->3 7 he-#4-#) 't’O^KSTEM

-steb i cmzxmvrLtco emiTtse#jeoli±$h200kv@asmfm%#Ka%Ac&s*%#itTit>7/^2
£7t/<-f 7XEE^iax.Sto-S. J;3 KLA:t>©T& -5= c©EEir<£9, #%?A:^m&#©m]gr3>h?x h6.

V 7-©*# ^(:#76{z#3 > h ? x h©*BMW#£mELA:=

(3) @f%#m • Em
^^>/V3>c^UT, 7>7/l/A#<%U#4-f. lf/^7XlEWpJn$tra 

AMMcmj;A'###3 > h?% h ox.*-@e±, m&<Dmi&£Lxm*i$tiz)
AflfcSTCU g I #^CA<7 >7/1/©#&» A:.

8 3 0 0 0. 07041
(1) memm

*> V 3 R T AI: J:

(2) mm#
C Z&Cf F Z ;/ V 3 >$#A*#5W6 LA:. ES, *-*'>, A^Rg&U:^©#^##©@S#mA#^@l:<fc
%^©J:9CM#LTV '6 A'&@#7SA:Ax RTA (Eft-AX#x>7# «t3) ^mUA=##C3#^ 
e+ V7?/f7^/TA. XSaSM¥©B50.@e©E'fb^SiJ$LA:.

(3) #%#m•Em
RTA3#Yt#m (7/f7^/fA©j&T) Ak m^-^X7--)\'Lfz^ryf)VX\mmm^ SSirA'A'*^ 

7'S#ESSti^0 ? >77--/l/#TtL SBBa#ti#®ST#E-fb LA«s:A'r, A:.

8300 0. 07042
ci) msgw
{63x hKST, 3 >7^E%©^-xg|!©E^,##&7#l:%#^76^&%$g^7a.
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(2) E3EAS
&&& 7 9 3 y (4ijM§B1, 7 V n y^jf-oAPSCfinx-TA $m^©0 < 0%Pg*3A,T(,'&. V >*&&&#%:

V y/f6C66. 7mimmt^o 2o®t3X hK®^S»^t>-ti-C#B©@C#<£-@5,

(3) m%B& • ES
9 0 0 deg.C T4IWJ 7%%&$#4:##-e(4. 9 7&%g^<AWWn Its -9->7°yl/*©*9i^©®«T' 2 0 0

micron fC^t£^tze I8 5 0 deg.C Tfyf 9 7/LT. 4 0 0 deg.C T? 3 0 7 o - ^KTxjcS-f^S U

8300 0. 0 7 0 4 3 
(1) W5SS65
7ks^°v v^<-•>3>aai=w\ y $e a-timitrm&mir^^E©2ao&a. cne.

0^&?©/<-y 7<- 7 3 y©A^m%a#c*76#m^jt#7a.

(2) m%nm
1 7 0 micron (PHOTOWATT*^ M^POLYX) Uz0 7jcS/Th7EA£

W=&©6. 7kS-ft*£EBLYct,©^*UT> $m.Uz0

(3) WfSigm • Em
3 8 0 deg.C T©8*7EAUfc^rir|i, y<7l,^<0fluffin

(+) 3y^^ h^iiCT©^*>EAiCj:r)Tt>> y K#@t7i/©mE<&aCT©^X"7EAC 4:xT&/<7l/f C
&vzti.itkml (D) #&#*%&. mm&mimmtzztizj:-,

Ctlir^UTs PSItWn (+) Pt7l/©#^|:(i, RFT'xXvtS i 3N4&##75cac,4xTx L (D) W<E# 
(=%#?# ac ©Sc#{4a®~M Ufc^-s-®a-«lBgrs. 5=

'stf-K-71/fcn (+) @^#&-7ac6C4:xT. 7X%%%(1#L
< fWI^tlSo

8 3 0 0 0. 07044 
(i)
SEftSE (SPV) aiiSlCck^T, /<7l/^f©^%++ 9 76zSc5CMIT, Vv? V 7/^E </yf-yEAX(4> K-ZC 

ts i o2i©if©is xity^-s ©#m^#s7a.

c 2) ims
ff®ISSPVi£KJ:^Tfi:t,x PHOTOWATTttSlPo 1 y /W^%++9 7

##^7/7^^ACMUT. K-yiv/cS i 0 2#^Em%. %*EC«kS%@m (CTA) t L/<(4x
t°-y KS&S (RTA) 5-26U/cM*4ti<b\ «*/47-y7 9 7/ • 7o-kX©%»m6©M^m3S7'5. 7-y:7 9 7/14, %*© 
POC I 3%&yotAC«kcT#6fi.4:##6Jt%U/:.

(3)•Em
-f*>EA©B#?!AL7tiK ji.frRT A£SlfcS-£C>7-y ^ 9 >i/5c&m^W5= 0. 1 deg.C/

sec ^©awsaamac c p A&mLt#&c(4. ±a^©?m#(4?@%^*m#6 UT#&u-custAc, %m
69C^-y7 V y/$tl5= -etlEs %m©POC 1 3%%T©if y f 9 7/^71/$-. 4;p>K-7©S i 0 2m©##X(4BF
S'fX'smAiz^^TMis.tz^tfr^m-z&Zo

8 3 0 0 0. 0 7 0 4 5
(i) mum
&m&-> 9 n 6 ©^ 7/y- K©#f##m7 9p>(niP^7) ©mb^-x

v:/n-i?x£Mfirf&0

(2 >m%m@
1 0 0 k W©7°7Xv767 7 h©:n*vu^-W£E5S75/.:&C, 2 5 kW®M75 y F£i8®l/.:0 SSiF©^-^ yx.

a#cAm#7K?e h-f©#/<7yx^#%am#/<7^-?-©w#t6 ut^el^,
m<b##©%#©CA, mEto^H^toC-S-EXx/j: UTect^©#fk77W 96S (CaF2, MgF2, B a F 2)

(DxbM^m^zo #%©as©/7X7T©*Yb#&[fmm6?m# cb. p) ©M©%^ik#*mc:i=M
<-x #-e@ cbof2s boFs pof3j ©BT©ciie,©K-/<yF*#*3fi&a@c-?uT©aoa(,'##&#&.

c 3) emsm•Em
d-5 LTSitu/c-y 9 py®iif-^- cm&mifc, terns, ;%$) *immu&6cs. 0 * * 6 c

m (-2) (7 0 micron) Ztfto C©C6(4, # b tlfc *7 9 3 y ti^iS^EgT* 0 ^ 1 %7j<S
<&#tT77i,T'ym7'7/7©#mCj;!)AI% (4^ A (=/ < -y 7< - h^tlTC'-SCiCcfc^o



8300 0. 0 7 0 4 6
CD m%.m
x ; .y ? - ') 0*»©l&-fe7U©'<-x4ff&£fiI±3-li:5 C .fcCW-f Sffi3S*fr-9

/Co

c 2) ##m#
U—iF-jtSigEMiJyt (LB I C) 3@^©#/C5 V 'sMK^'XQ'fvf- ') s9S<£L/c©

(i> POC 1 3, X? U->E(]@K-X K S i 02 : PE©3@#T$3. £fc>-£Ts x$ y*-£/*y i/KJ b LJp-t<tZ
tztbk% x; y ? -SB© K-1° Zt&.-ofr<D&&&7pto *
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* V7A^^ 7/&&A UTtT^yl/7 TXi/'Jn 7 {$#©#%$*&AS 6 & A# ©m»© 6 L/TW5S l/A„

(3) BffltfiM • a%#
1 (ohmcm) * * (- 1 ) 0l^S5il« <btltz0 K-T°UA7X%{b7^;l/77X-y V 37T|g£S;h.fcS

E®lEr*5= fflS-T 1£ 0. 0 5 e VTS5„ C^6©#(±2 OOdeg. Cj^SzSCl^yf-LA
-5T#£>tifc<> 7 7 v y ^ 7Stc J: 57X%{bmm bftfo5'^ A0 c©c6(i*%KJ:3^{b*

/ixLrt'^o p- i -n-fzyHC&^Tfi, Z(D£vUn (+) @©iS(,<tip-i?yl/©m®E (Vo c) 
yi/©#n&m UT%#T#&pmw<&a.

8300 0. 07070
(1) mSIM
{63x h-cmhm&ykftMA^mrfeo^Hfcfctf 5

c2)m%a#
^a^Sm^yxxAfr^^feoibT^S^em^yxrAiih-^yi/yx^Anx h£lW5Atei:MA7:/D

SERI ©m%^"\
lt, sUA.

(3) m^# • as#
5aR»W®32»*A #S5^tfcl4^fiS^CJ;5iS-7*'©ttJR5/XT-AKfe^T5»®$tiTl'*. -tlt»©W5£l/^7?©aS 

%^6A##T{67X h(DM%M%mmmcD&m'^%lTt5Ali, SiiI©x>vJ37'J 7/©A6l:^#%K#^yotxf 
-^*warrsfci6©$B8»w^sfei^sisns. ^© A^cmgsm#3LA.
Tli, Aroitinx h£S 0. 1 2/kwh*T?5|§T»fSCi*IS5iU-Cl'5^ #3W*4 0 0X%^L1 0 0 OXi^iL 
If, -fer;U3X FiLTfiS 4. 0 0/cm2%ULS 9. 0 0/cm2ittTl5. $h&&3 5 $ 1 2. 0 0/
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a<kf5.

c 2) mm#
Aif A #<-#-6^3 cs#E@±m^#m{b L% if ^if % a % i \ m&%*@ 

ffiOfbfcRffiimf-r-SfcftCN #R©S#R±R (T i 02, S i N (X) : H, WZnS) ©JB®f$*4Wfc*'J-7 
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( 3 ) #%%# • as#
Mg F 2/S i N (X) : H/S i O 2 =#m#m©Vg###0&I8T4 4. 8mA/cm2©S»IM^ —AM 

g F 2/Z n S/S i 0 2©^SgET4 3. 1 mA c m 2#ff-3?£ftA. SB#*S£SS/&< 1 0 cm/s 6{6<, 
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#(:ckD#nA&. {SAffilfC a O-B a O-S i 02#T2. 0t®§o -7 U 3 y^t>77 7 ^ X^©4Cn 7|&*©&lSI±:KT

CB] (in S i) + 3/4 (S i 02) = (BOl. 5) + 3/4S i (1)
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o d e g. cp ^-cT'y ij 3ygi^®ufc„ c©s p c&T( ?x?cvoT#%$fi/=7evi,7%xy 
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7^"C©##(C-3t LTS (Capacitive Deep Level Transient Spectroscopy) T$?£ti c?tlfc0
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o. 9%©^w®if4iaLfc,
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b (c^fiSSHINT'S zztz* L/C, 7jcS'-fblcJ: 9. =k 3 tituE
X%©^/i:Llc#nL, f©@mK%%$#&#afi/:. ctvB©SSit> #^^7 V n >*B®?|ti-fe;i/i;:t -?T$@7kS-ft;tt

act <&/7-r,
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yi/T©#^©mmi±. *»sffi©fiflp©jE<a©ft^cJ:r»T4i;-5fe©i.B*>ns. %#©*BWb%%7x
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®(:4:56, V H >SS-T'$i|Se^y7 h75g 6o

8300 0. 07093
CD fflftm
vHF^o-mmmizx, a-s ; : hop i n5 ir 3 it t, aaMk&^r-).

(2) msm#
V H Sir, Lt 6© 6^0UT, iS<,'£^L*:=

( 3 ) ####•/&%
V H F / 3 -&%&©&(: J: r, %mB! Ut, S i CI:j;&m#&maaP#, 2 2 angstom/secO^Sg-CfPojt I®, iE
tP I NSMtEMi, @03 2 cm2®«
®fifce-73.-;l/-CI4, @#@«T7. 5%0K#a$&mg%L,7t.

VHF/o-%%&i:T, G#$l 0 0 (ohm- cm) **-l$?©Ng, P0@8bBa##&#&?#&. 
#$-©y3-%@|:J:5##6©-@U(4, 7?X-7#@^#^^%n75 c 6 ir 4: ? T, 5 f n totej&fty *—XA^E’fh UT

I'SctcaaamnT&a.

## : 7tyl/7 7X7 V 37 
&#: @00. 2 5 cm2 
%%%!# : 8 %

## : 7^EVU7 7X7 V 37

&# : @03 2 crn20*#m%e7^-yl/

8 3 0 0 0. 07094
(1) fflizm

R F Z/? 7/n-&%&(: joUT%@@@|@6, J$EUfca-S i : Hm©##6©@(r(4m0K<C#MM^65 C6&SE%
f5.

(2) m%me
&/7>&m#^tU^RFyo-a%6i=T, a-S i : Hg&£fW--6Eir, '<?/-?£ UTESFSSgSI^Sx.T^ U 

/r„ 7T(Laser Induced Fluorescence) ^ 
hvUj$ (Optical Emission Spectroscopy) -S-fflt Vc0

(3)
mmmmflkvmitit, *a-s ; : zomm&mt, mmstnt&tm

tfT#x5<b, ?f ^*/l/00&^a-^6U^^y7X70%%K/<7/6, mm##6<Dfmir#MMW<&&CUT

8300 0. 07095 
(1) E3EBM

(SERI : 7 7 77) T'ii, 1 9 8 5##*, 7t;l/7 7 X 7 V 3 7*KMSfAt Sf a -VW=# UT^Ab 
»lr-5t§fco 6#907-^6(C, 7^77*7--n 7X4^- (Staebler-Wronski) aW&O.&A'&##&###-
5.

( 2) ffl&fl®
SERIK 1 9 8 5 ^JgUfcfr -p T § 7 *vh 7 7 X -7 V 3 7*B§m?tiHr 7 ^ "7 5 ,

(3) m&e# - im
x^#T7^-/\7 (Fa ugh an) ^"1 UTC'-B^E^RS©%@^5S< ^7^7

I4> -byl/#tt(i log ( t i me) i:#UT, $SErthT50
7-7^.-yi/|i^frS^S:^dtifcfcto(r, tttgli¥W©zSSE-fhir?S<##LTi^. SSMir4:57--v ymmfr 

Jt^toSSi-Vctoir, ^-fh®[S]^+^ir7E75/ztoirti, 2#m±©m^.##7-5.
S#D*KBm*&a#L&. fi8r©^^-yi/-m, #m©^m#-fb#(r4;i45##©^W<@4tT

U/r„
^77yl/&mc'T4-B^l/7t. CiotfVH*^3 0#@©#%<&?mij-75©(rea C6^T#5.
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8 3 0 0 0. 07096 
(1)
PI7^77X->i;3^-/^ K#B&,RFYa-a%ai=T#Kf 6B0BF 3© F-tfYY%$l="3UT&#&m\

nm-^o

(2)
RFYo-&%&(=T, RF/<9-%g6S i H 4 /C H 4 Jt£gx.Ta$ll/4: 2 YyY7l/0#&{Co(,'T, S i H 4 

B F 3 UT,

(3) meaem • am
^mmukUz k-h°>Y$amTfi, 2YyY7i/#c,

2. 1 e V ?%##%(, ^
R F/'°7- 8 8 mWZ cm2, 5?BM*'Xti< 3 7%CH4 Ufc-9* yYyl/Tti, is#2#(4, h'-y?y h3g8*< 9 %
RT©j®-S-(C©^.@c#dtl, fiST' 1 x 1 0 **-8 (ohm - cm) * *- 1 (rSt"50

U*' U%#6 R F/<9 - ^4 4 mW/ cm2 6U?@um= UT, 2 6 % C H 4 S^X/KtitSTtfS! U/cY y Y71/TI4, BF 3 
tfxzgg 1 5 %3T, SS2xlO**-7 (ohm • cm) * * - UcSY-E-e

I Rx<:7 Fvl/^tirK: <4*1(4, Ztl£>0#mM§BnDStMSY £ „

8300 0. 07097
(1) W3SB&

4 -o©H/j: T^;l/7 7 X y V n y - YYe? a-;!/;&%#«!:, -e©#0 4 -o©am&#T#^&*L*:
Tevi,? 7 x •> >J n y • =ey^ -yi/£ 6 5 @t#R#(= LT, <4£, ®.Mm.ft'£1bn&m%. LftVftZo
sfc, )bm###T©9.

(2) meme
J - V##, BtftET© J - V#%, x<^ x^?

^tio 15 0 kwh/m 2 cm^Y-smBcm-oTm^cmsuy=#©mm^b*#^-o

(3) #%#m-am
#%6, YYtji'V&m'm\t©*<m§s*i7t= %<mmmte&JSYi; -y k, 

TCO, #####%i#5#n:$T*3C6l:maUTU6. UTt,Y£l' Yy YyHrfct,'T, Y
YT-y^-yUT(42. 2~7. 8«T^0% t^a-;W5. 4~7. 0%TS-3*:o

x-<^ p, i, ns, Tco©m@©##%^, tr^^a-Mai^o-fe
X©#lg#*)<lt#%{SUC bftt>t)'-?tz0

mft&itmmzisi %T, 1% mis» $rm u*y yYvi/c^t ^t t>, #% o 6fm u* y yYyi/d&i, >r t,
-^@©mb©e^c(4mA<63. 6%^6 21. z%t^bz>a

8300 0. 07098
(1) W55B&
7j<S-fb7^vt/7 7XZVny (a-S i : H) *Km%©^fb&#%Y-54:61=. Y?Xv&TaEYSE©SES8©f^* 

#x_5o

(2) ems
a - S i : H PI Nm*K%%©^<b(="3(, 'T, I SdSttS 3@©aE&g (250, 300, 3 5 0 deg.C) O^ICO 

l 'TFF% Lfco P J@ t nS(4#Y > Y;Ui t, H-m#T'£ 5.

(3) m&em - am
2 5 0 deg.C £ U •?ffiZ^TaEC4:*®mtoTI4, 3 0 0, 3 5 0 deg.C tM0, %

YbgA<±#u.
5 3 O#mmm0*{kg(4, 2 5 0 deg.C#, 3 0 0 deg.C#, 3 5 0 deg.C #Tf*lf*L, 3 5%, 14%, 9 %?*&.

C0JS0I4, i@(gaRT(4##f J:6^B©%AA<^ < %&/=&?&3. A'Xfflai-fc
UTS i H2/S i HJt&Tlf&C6&R#C$%^©%m*<&&. S i H2/S i H£UC£»<Ii@To3„

8 3 0 0 0. 07099 
(1) W5SBW
#&#&(=:&#&, 7kS-fbTT-7l/7 7X->Ur:y (a-S i : H) ©^R^KOAaY-fY; y^X*, WthWm&JkV%

(2) m%nm
-10 0 deg.CJKT©ag@%l=jst'TI4, "#-^T©%jKI4, AM1©1/2©M

#&#?©#%© 4 ^-n



(3) maem •
SWSIfflCJttWl/n'S. c©iffi&ii£jaS1-EiK©«S tt% SS 

(D±.%££t>imTtZ, ftl 0 3fe£3Wgtt«^*i&»So

8 3 0 0 0. 07100
(1) mSifc)
WIil07;e^7 7X^'J 3> (a -S i ) P I /<> K • tM'vU • * + V 7^6©%%©%=#&#1@

/l/icck \ 7t;l/7 7 X Z V 3

(2) mm#
%iS©K#m^l: J: 0 7tvl/7 7 % ^ V 3 z*R%%©%$(4|$i±U/:A\ 1 0 %Mlf^i© <fc7 <rBx.50 L^L. C©FS% 

ffll4a»jefs;UT^ffl3nsffi«fc D*«W6C'. c©A*#*©tf;i/T(4#%$fiTUt/<> K-rZyze©** V 7ttS*%i8 
1=f ;i/-cmR7a.

(3) - 5%m
a-s i;®®fwwicisj$UTi,'5fiiEEWF c»i 096) -^-nftia-rsfctoctt^

<D-foMfr<h> f-'i'jWjS&k&tS&fS&gifi&Sz. bifitofrZo

m&mmjcO. trU6, t ^67. cops^d-eK $EH©a-S i*fiB«
icEMWSi'IfttSJo

8 3 0 0 0. 07101
ci) mm®
PECVDSta-Si : H^-aSm-r^Bfs ITO/a-Si : I n 2 0 3 -S>S n 0 2 jM^SftTttfMC&JRlcK'ffc

UTU$?T. *»®flfc#tt©3&fl:*3l§jec:LTt'fc.
40s I TOE<bP/ffl (a-S i) ©MK% S i 0%E£/<VTtbxmiZ::<b£$SSU ^©#mi:cUT.

c 2) mm1#
m@±c 1Tom&mm, i Tom±©^©%.v7©6-cs ; om^r?*), -e©±(cPEcvDm:T. *#ft7^7 7

XC'iJz's&jmLXs PfBifmt&o ttfc\ s i OEIi5~5 0 angstom"C, 8*/<'J7il/Tffll'«. $j|©^©ffiffiK
tis i om^ic©%mr. s ; ojR©*s*o©»s*-«ru:H^6ns. i s
i om©%#JC-7^TM^.

c 3) ms## •
S i Offi? (5~5 0 angstom) *ffiffc/<»/7<fc IZC&o £ I TOjK©3;c(4^%04WjS5£C•fcS&JBH' >•?*A©f§£ii. 

/<V 7#*<%t'#"^6jtBLT 1 /2-£x\ S i %@T©S i 0©»^I4^*<*6. S
wmmos i om&mu6c6(:j:cT, ffi»«jffiffis^fiEjSJti4@c#sns^ ircss.

8300 0. 07102
(1) mftSft
*«ft7^7 7X5/'J nvm^Di (a-S i Ge : H) m©&g@@. Z5X $*;U

v XmeXf%©*#RK J: 6$R©g&mc-3l 'TE%76o

c 2) mm#
*JRffl*3RSffi*0j&'6 9 5%tt^t> y>K-7©a-S i G e : KSRF^o-ft®£CTJSBK

IT> JKTOTfjSTJFfiB^-sfc.
DOS (tt®@fi) SCPMfe SCLCft&'fcfflJtLfc. 
a-S i Ge : H#©#m&mg76©C. 7 f Z^
sem^t,

(3) m&B*-a%#
7 %©)bmm##^#76 a-s i Ge : H^£jSS3*5©|;:fig*«#l£Sfc-f. OfrU ss 

wm&fr 6©ff®B* TO 'tit'o
a-S I Ge ;HW®GefI»t5i:«-p7 D0SI41W6. G e y Z^ffl^A^-ftE©#

%nzb%w%Jm.
*%77X7%.yf a-S I :Hia-SiGe:HOSEM«i'6, a-Si : H«K©#i&®fc*7 h7-*J&<fc

sciW'o/;. G7?^^u-c#<.
77^ I RtoCtk-Exhx S i ZG e*y h7-^Hjcyf Z^|: «k ###(CD$^

6. COjStfMCzkSHi, 7-T^d^ K©+fc*5fr*#£2fflW^S*SMM& C^/'Z K) ©JgfflKtt-a-U'S. 
Z7Z£^UvZzl&tfx£8 Ottl'LO 0 96©**T?*iRl/Cj£Rlyfca-S i (l-X)Ge (X) : H©Xffil40. 37



*E(,'LO. 5 %&¥+v7ltl. 4ft(,'Ll. 3, jfcJBSttlil 0 * * 2~ 1 0 * * 3% ttffif&ffittftl 0 * * 1 6 c
m (-3) T&-,fc0 z(DmshMBmit?

8300 0. 07103
(1) Wti»

.y7°ytE®a (DOS) ©#Sli, T.
#g (TSC) /<> Kf + y yo-ggl: jS(f S DOS S C SA\ ^Ek «fc !)/£(, v<> K*+ v 7®
®(ZTD 0 S 5«fc7(CTSCS*@cSU 9 o

(2) merne
JffiKfi«i*aS#«¥*8giT» y > K-^C*«m^77XJ/'Ja>SP E CVDSi;J:ot«bT, T S Cj&fc&ff 

::t, TSC (itseis^g) ffiili, 5I^t7^tti:-Ii
%.Ltz&, &g£-£i$ST±#$-fc!\

( 3 ) • ES
DOS^my- t a EBBS 2 3 0 deg.CT'l^ DOSitym&igMKftvXffi'J?

•?%„ C tuc j; ^ T7kS©m <0 9 , tfcJ®Ka®li/J'S<*S. m y - t a ufl^f
irZo ztut, 7j<SfCJ: -5xm.mzM 0-r-f ivWx.>y f- >;/£;ft,5 C <tfrt>mWXg50 JSBffifflfl&Wlft'!$£»& 7
7*-f J: 00. *©fc«K TfcSRfittDOSKttJEBWtt'.

DOSOfitSm, 7x1 0**1 5 cm (—3) e V (- 1) Xcb-?iz0
3SC, TSC&^3x KW^©fiSB4 3 m VT?*ofc.

8 3 0 0 0. 07104
(DOT3SSW
;Jci{b7W7 ’̂>'J3> (a-S i : H) ###=> S i H 4 £ H 2 XftZltZmUk&m \ IrJ^J?^-

i££W3S-r£0

(2)
ya-nmmz£r>X, 1 0 cmx 1 0 cm©a-S i : HaBHiJSSS^fc. S i H 4 ftJRflfclcSotlte^ DC«EE*/<7

y-^iLT,

c 3 > m&gm • am
tJcaa&RUfciS^ ±Sj—gifJniDCgB/NVTXllEV (dc)

a, v (dc) ztifc, ®»©«e£irh(s
i h 4) &(Dmn\p}%i-m<mntz>o #mt lt, mtst*. he 2 0 c m©pgwsgsssTfFE u^stso^ETSM^ 1.

a-Si : H (DftMfmmt, Bgft7trzi<&R&ti&ZitzJ:-9X%L<
fflttli S i H4*ftf*'6J®KSnfc^©l 0**5^3, S i H 4 tH 2 ©7D-U- hrtWB#© 1 0**727?%] 

-f-5, I R®iR$i|S^b, y7X^-^©7j<S®E©#J^!i, 7m&frmut5<DKftiTmb<®'PtZZtftt>fr2>o
mg# (s i H4) ©mm#mg^<#n#6 (aRa*a</j'3<**) a. cmi*. Mtsss©

gib-fv (dc) ©#A0(= j:cT9l#ec$t©T6S.

8300 0. 07105
(1) E%Bto
Tt7t,77%vv 3u. *©fiaMfcconTW$s-f s.

(2) sms
iSiSE (UHV) RF^XtSCT, P ( + ) ®*ftfi-rsiB©K-xOh^x©fflS*aiL-C^ 7tyl/7r XU 3>*» 

«flfe*fl5»Lfc. T C OSS, Sffi<bLT©P (+) miRmtbTOlMK&SbX, *»S«!©ja»»*i4ffiCJK5*4iL

(3) wissm • am
mm'&x.mmmzm^x, ami. 5e&mtt 10. 0%©EMm<#e>;h.*:= *#©»«ir0-m, c©#©*#%%

T-li, 3-D.yyN°-reKT*50 
T C OB© Shrift *S®«i©ltfiBKEjeflSi*«»*#?LS.
b (chs) 3?K-^s*fcp (+) mzm'Ztez, #®©aKfflg^ra--cfeK3£#a&¥*irr<5p (+) - i -n (+) 

#m©*E%m^fm-c$ 6. l^u m* ©jgmarnBg^m*
B2H6-eK-^tifcp (+) 3a. p (+)

(4) mm%#©ma
## : Te7l/7TX-> V n>
m# : AMI. 5% mS5^a*»S^ ®H0. 2 5 cm2
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: 10. 0%

8300 0. 0 7 1 0 6
(i)

i @©##^%#76 C 6 (: «k ? T(ix 7X#ib7t7P7 7 X i/ U 3 > Ca-Si :
h) £k-x£upu&6. 

wip's?') >y • +:> >y • KKB*#A/£*7s7H£jt3?u
/Co

c 2)

JB*m£lsS/fJ-f-5C«kiCj:^Tx 7*71/7rX-XVn>&<-x6l/fc*»S«i©gcStt*»a-C#^?gWHdtfUTX IBIB 
f3C6&#a-/Co

(3)•a*
5X I 0** 1 6 cm (-3) e V (-1) JWT© 5 y %#&

Wt£^(®K<fcoT«S£tl30
0< ©#%#&<#-,TU3 j;9%x J: 0$S/«£*®mffi#tt^5/ctolcx -#>K*R&4f%<

U/c##<&gAm-#-^#T&-56737^0-fl:*UTx 4-im©*f7k^6# g,fi/:@%(±x UTl

8300 0. 0 7 1 0 8
(1) fflftm
7mb7eyl/7rX->Vnyp I NlMmiitcibXvT. hE^©* -*>£:& (& b <liSS-g-ifc)

<b*3B LTX 7 ^ 7P ; ##©##©##&#i.

(2)
nlTli (a-Si/a-SiO. SCO. 5 : H) x plTli (a-S i : HZa-S i 0. 8 NO. 2 : H)

Mr&tfs 7 xVl/ i ^©ftB^-ryHl#U/Co X. ClfflifU'flBt©-byl/©HIK«£E*?ffll/fc.

( 3) • J$£
64-c'0 4CT'a-S i (1 -X) C CX) : H/a-S i : -

^pE%T(±x RE@(±@@f%©4= P/C%6<CU. f C?x a-S i ( l -X) N (Y) : H/a-S i :
5o hRac*tfS7i7U5JSSffil4/<>Kja©*fiIKS/7hU M&#E6%$©|6]±(C^#'7So

8 3 0 0 0. 07109
(1) E%Sto

/w x(±? ^ i//<yi/T0m#(t6#r^ uuA<x c ? i,'c tmw<Tp#ic(36x,^A^$fi-ci'%«, \
K *} (J 3 M ifiOiS^fco 3 o

(2) #gsm#
7^^417^ 7/s©x^-;i/7 V 70icMt>‘5M<£-x 7n-fexgef:if'i' >x 1 -7WcE»±tf/cB£

l:ec&%%%$©Nk|yx nx hcMfflc&i UT#Sly/c0
APS%©C/>y/t/7f >,<-" Xyf" yO6#KX 7^7TX->y3>*B®flfctya-7l/*S»»C 
*fi&S1"5/cto©§5C*©7yD-7(C-OUT5|Sly/Co

1 #$/: 0 7*71/7 7 X 5/ V 3 >/<-X©%@ty ZL -viz* 1 0 MW p x.-vii” S5!iS5SE©®S©il#
(C-PUTt) |g61-5o

(3) m&e# • am
E^69T^-PiS=aa@x U»' t>lSSB©iSl, '7*7l/7 t X i/ V 3 /^-X©S/>/7b®^*»Rffi*x /<y7S;% U< WU 

^7°o-kX(:j;c-C#m-C^5o
imm&wmv&zfcti, *7^-7^*. mmaf o s%a±x sms owP^±$i«mo

*retii7=-r-i' xrif/f y*wrs>5/:toicx ##i oMWp©mm? / >*77i4K@6-u-/c^x
©*-7a-7P^x m##0. 7 5 K7UJKTT?feRTS«o

*©/ctox 7*yi/7 r x •> V 3 7*®m?lfc©Sffl-fb*lSS‘t-E./:toic{ix ££2Pfs/i<l 0 %©e73. -7i/&6 c 6 (&&B 
4't'o gc%%$ 6 %©t - 7l/©^3X h69lCW^JT'$>5o

8300 0. 07110 
(1) E32EM
7k%fb7t7l/7 7 X / V 3 X-C&S. %n micron @TX ±B#©t» ©/)##?# x

FTOtiSp-i' 7i*Ht4-dnrx 77i/^-P^-->37'fb©i/^7WcauTt'So l/pU s^r©s^$ii^5%ici-^/n'=



l'&j&8 96&g&L-C* 7^71/7 7XZ V 3 y^K-XK L/T^SS'S1S©*^ft6^g9§l4,'CS.5„ 9E&T 
(4, 7^1/7 7 X Z U 3 y*B£®#ti5(45l®fi-emi© 1Z 3&6AT, 6o U»'
U &1£tt0l OMWp/y e a r O^-->g 6tlS*SB«ffi3X H4^
&, c© S/6<S©S$TO*fi4Sz\S;fTl'-6 UTO^to^lcfj:^, 7t;t/7 7 x z V 3
ot'TiE^S.

(2) msm#
7j<S-fk7^;l/7 7XZV3y (a-S i : H) *RB®?tMT©3 S>5,SW6.

• a-s i :
• a-S i : H*KB*&m©##Kk EStR®®

(3) wse*sm • am
a-S i : H## @#©^%#^A©%#^, £«»¥©3 6£.SfiI±©fci&K.

££mi 0MWp<D&Mffl&3&ft-ytz7JU*-t/-i'a>C!>£M7'(>l** #ir© 1 MWp©%#6Jt#LT, MD©3XhM 
£fcS. W'U 3X

77M-- M-Zg XbSftfcl 0MWp©&gj6*USH±s nx hZ7 7<b 8 %©E&W::<fc a-Si : H*R#®%© 
LT^» < C 6(:<C6?.

8 3 0 0 0. 0 7 1 1 1 
Cl) Bf#BW
VHF-^n-&Sfefc«fcoTflsSiU=P I LT, maKmirZt

Tl=, -^K$N"6XT7x- • D7X^-M (SWE)

c 2) mem#
V H F - Zd -®[®6fe(4 J: -3 T U1©JP£ »< 0. 2&60. 6 6 5 micronOP I NS*»att*ffaUfc (AMI. 5(:T5. 

5 ~ 7. 9 %©g##$) „ z6fi6 4 7 n m© 6 5 0 mW©K r U—
y-ZV (OC) , I (SC), FF, &&0m&m$fflBlZ3£t&£V£8t3ll%?&t#K* ##©###&LB ICife, f-- 
tZx7<, CCD*ffi-,TffMBLfco

c 3) mess • am
*B®%/<?y -^©«S%@^ Mo#©^#%$l4, u—tr-5SSfrfiSc#UTt,'-5o $3t, SSfaffili,

U6R0^T&6.
m#&#±m©*^®m©^m(4, j:t)Kt'Ssa&$©«aBTSst--5.
U —7-#Ct&(4, AMI. sm#j;0 t,ami=^Yb$#6C6^T#6. LA'U *ft©ii»¥*#0Sf50KflI?L«WC

6%&, a%©emm#Ti:66*K#®%©^gm%$&c©^&?#6c6(4?#<i: 
t'.

8300 0. 07112 
(1) 0F3SB®
^7fAI«lft0lliLT, Zx >-7o/-f>jt^xT*#YC7e;l/77 X Z V z? Z#-/<Z KK*fSHU :/Z:t-

KEHailHJig*ff oTffii Lfc.

c 2) mem#
RFZD-Scm&icr, ZxZ-7°n/-?Z.lfc£l~l 0 STEx-T, **^7^7 7 XZ 'J 3 K(a-Si : C :

H) yj*- K*ff»l/fc. ZZ * - KlUa$iJS&tcJ:9 x Z 7 * Z A j:/<Z K7ZyZREOSM^fi^ /z=

c 3) m%#m•am
7"a/<Z#Xjta48Wa6, xZ77ZAjfv<z VfJMUmM76.
x Z 7 ^ Z A$iJ^©5-(ZSoX'7% X.6 <L, Z7 7-/D^ZI^'Xii't.ftlS Lt a - S i : C : Hflltt, ^7fAStW 

»©BjaiLT*me.U'tmT*5^ yo/^zit^mnfat, a-s ; : c = n©ma©a^ % 6 c 6 c 6 
/<Z F7Z;HI*W76= *©*:», &mm^Xjt(4ZxZ/7o/<Z= 2 0/4766.

8 3 0 0 0. 07113 
(1) W5SBW
Sity - it - 5 %©,±SB7 8 (@©7^7 7 X Z <j 3 Z*B®%e Z» - 7l/©M^Sttfe*Z Z K©^(i^#{4T 3 L,

BffiZ'rtio

c2)w%m#
S&'fbSoffHHilis »®fi««fcJJa»SKtifeCSElflSft4Sx MffiHE, 6C <!: 1= «t cTfz?
o



(3)meaem•Em
e^^^-;i,(:«tcT#%sl 6-8 o%%ibLfc0 ztibomVo,- 

/i/©%%#(±, (1 0 0 0W/m2, 2 8 deg.C) C&lfJ: D '@T& c
tfjfiffijj'pv (OC) e*fSag©»@(t, dP/dT/P = 0. 3 5-0. 4 8/deg.C, d V (OC)/dT=2. 5- 

2. 7 m V/deg.C T&ZZ
* v Yzntzfr, i g^KzzmLWM&mKstm uk.

8 3 0 0 0.0 7 1 1 4
(1) mizm

VU V-ftC VD&KcfcoTEJgLfc, 7j<m7*vl/7rX-> V 37$E (/ 7 b'-7tt£ K-7#) 0)bmm##^m^fSo

(2)
0#&B@Xe#%7>y (zSS 147nm) ZObUttZV UV (Vacum Ultra Violet) VD&ICT, *%fk7t

Jl'7 7*'>')? 7#E/&EE7S.
7 7 K-7°#li> StSiSS2 0 0-4 0 0 deg.C CT, S i 2 H 6 tfx 1 0 0 %TEE7So K-7#li, S i 2 H 6 yfXIC, 

n§!TliP H 3 £\ pSTliB 2 H 6£jljnxT, SSzSg2 5 0 deg.C CTEE7S. LT,

(3) rosm • Em
y > ^stsssm^r, am i mm&#tt, i o * *5T$s. 300 deg.c tee c

fc$Eli, KFg®g/6<2. 2x 1 0** 1 5 cm (-3) <k{g<, 3#[gBa##eid:, 1 0 %6U?#g0^^l,^0»T* 
So

K-y#ct;wT(±, Bte^aiii o**-i i~i o**-3Scm-itceij@i§tiT(,'So v7K-y#Tig. ete^aj; 
D < t£S, C0C6(i, 7%V1/; l/<V^Wm«e/7 hf&CtCj^T, • SS6S •
?4"7f /f SC6^ 6E%T#S. AltT, y:FS®a*<m6916UC<b»'\ fi^^-SS/g- 7 4'7^4'Aa^S
6l:#n6#Tt'S6#x.6ftSo

8300 0. 07115
ci) m%m#
g%#$<&#ei:7SC6% <2"3(DP I NjS-^^SS-Sti/c 2>7AM7^7U7yX-> V

c©*R&ig%0#m, ^j;u:#%#m#^#0#m^#se7So me,
e#r U'77°n - f-£|S:fr-f s=

c2)
imcf/ws^a##$(D^b6t'vA^6, m#@0#m#sa#&fft.

c 3)#%%m•Em
3 0 c m x 4 0 cmCDa-S i/a-S i 2 eg=£7 >7AS*^Sf6e fct, >T, 0. 0 5%£BEUfc=
ffliBMWSStK^Ttt, »W1 5%5£-ffcU g^K#T(± 1 9%£itLiza 1 0 0 0W12 0 deg.C##TK#0#T(±,

m&m5ii,
SfrU'plB«iS*PB55U 1 c m 2 ©^77A@*##meg:m7S6, g##$l 2«ifflETSfco

(4) @E%%$@mE 
## : 7tyl/7 7 X >/ V 3 >

: 1 0. 0 5%
m#: 3 0c m x 40 cm©a-S i/a-S i0 2 7f

## : 7^7 7 X 7 ij 3 7 
%%%$: 12 %
&# : 1 cm2 T, #LU@M%@/ p U7:, a-S i/a-S (02 W&&5

8300 0. 07116 
(1) m$tS65

y 7 K-7•>»=!> (micro- C - S i : H) Ei^°7/-y«iUT l9SL/c„

( 2 )
77/vC VDfeeT, r f/N°7-®g*2 5 0-5 0 0 mW/ cm2 6^<k^#T, micro-c-S i : H&EEUT,

®n*m&uz0 ^Bi-y-d'xi*, /i^x«aii/5'b^Lfcc

c 3) masm • Em
f/<7-%ge#LT@6T#mT6So 5 0 0 mW/ cm2 Ti±, 5x1 0 * *-2 o hm • cm©

EA<#3fl, 2 5 0 mW/ cm2 Tli, 3. 7xl0**2ohm - c mOE^S^tl/Co



5 0 OmW/cm2Ta#U&BK 8me 7^71/7 7X7 V 3 7* diS
^BBa^'iS®Sir^?trLT(,'5/ctofc'<b#x.6.n5o /J'AXm%3L&^6%#a^-Y6. 7 0-1 2 0 angstom V&6
Ztfttlfr^tZ C

8300 0. 0 7 1 1 7
(1) m%gw

$ hO 7##X<7 h;lz (DMR) 7XSHkx g;X#^7t;l/77 X 7 V 3 7x B7kBfk7^7 7X7
'Jn^lFitSo

(2)
DMR&^flH'Tx B7.KSfk7ey!/77 X •> V 3 yiMOSFflS-fi^ fZo m©Bx X3-, m%#H^x 1. 5 K»'6§&©$ 

BiCjb'^TSUSUfco /«£*,% S7jcS-fk7e;l/77x7 V 37f^EI*x zaa6t»tl3t7^2S©±(-^ 75X7Si:<lot, 5 0-1 
OOmgMl/fc^ffll'fco

(3) omem-am
a-Si : D, H^jKx a-Si :D» DMRj£T##f7a«fcx 5-o<Dli^ £ 5 t LfzXK? VJUf&frlZftMVgtZo 
6 6 kHzT'li> S i -D^-£l:M7a6©T^0x 2 2 kHzTtix S i D (X) H (3 -X) ©HlfeKP-f afe©T£3o 

CftSktx 4S@P a k efVl/y hT&a.
4>*£|5©x^7 hvl/S^lix 74"7o^ K*©D 2^-7-Jf>HD^(r|9SUfct>©T'S.-5o f©@(ix v-f^P*'^ K£ig0 

6L^x mmTADtmm#©## cefg)
P a ke/7‘u-y Iftmfr-itzfcVitDl 6kHz©4fiim jgz&Tiltia, CtlliE F G»^S(,^(r(ix {©@^3#$ 

A#Xkfj:0W<?D 2UTlB7X^fiXh“7iP-lix @^©SEt^E^E FG|:«kc 
TA 0 atl/c^-71/y D 2 ft?£ijkto

B7XS-fk LtzTZrJl'? 7 X •> V 3 7#fCifc’lj-5x 4. 2 KT©D 2©/<7A'3W"Vl/yg%l=^)V'T©^#A'g,x ^U/cDOt” 
-7<bD2^©h°-7S-S|-eS5o

D 2#f©7X±= v7©A^3x mS&S^p - oLit:, F©^C#$^
ME<DD 2frft&t5Z,tfr&i$£ti5o

8 3 0 0 0. 07118 
CD fflftBM
fa-%#&(:j;^-cam2ax a-s i : H/a-s i c : H#m©##&%m-a-a.

c 2) mgsm#
yp-&%&«=J:c-cg^j%*mmgmi-a^(=@(6K6©M(:x rF/-?7-£E-fks-fctaztti<, 

jj&z&mutzo %*£ mm<&K{k^#ac6%<x m^-^xma^k^^-c^<tsm\sfz0 
•ti-yT’vi/iix 1%G0###m©f/wx&#mf 6^;:x #6#©mi:7xm77X-?^#A7a6©6x u%ut©©2#&et 

mtx /j^xsmigcb^sMSJSKj:^xwm^nmLtza x, ^#-e#^titz^-m^vztimi>
fza

(3) • am
x^@iff©$ss»xbx tKS77x^z&frKmAuseridtx #6m©#m^m#c<i:a. „

ms&*'6©7yp-f WctA<x \^&i:x ^#@6@m#©iEm%70 c
a-S i : H/a-S i C : H ©0##©^###!:# t A£ %B#<&#xa © I ©@1 'T* a C 6

frt>fr->tza

8300 0. 07119
(1) mss#
CuInSe2/CdS SJWFlix CuInSe2 aBg%^T& a. f©%##a#9r& XPS KA

ot|T9o

(2)
CuInSe2 #©±C CdS 6 XPS (:j:c TS@S?t/r<Hr-5o CuInSe2 @li2 8^07C##&(Boemg

aua. 2ee&cj:a cuinse2 cu v y 7© cuinse2 ss/EkK&tf-a cdsae©####^*:.

(3) • am
CuInSe2 “BJli-fcij-a CdS #####?& Ox —7\ •*>■*> Cu V v 7© CuInSe2 JS±T® CdSi&gl-fc

t'Tiix syts a t 'iietft©E-fksi/5<£a-ra=

8300 0. 07120 
(1) E%869
%#f&TAaLt CuInSe2 &R©#iS»x t#x %*%©7--vM&m©%m^M^a



c 2) mme
T i SfcttMo3- —$!p7l>5' + ;UT07K®R-e CuInSe2 Zft&A r*%U

tiifib 2 0 0-5 0 0 deg.C T1 5£|19mmU «fflaUH'fe0<k©4#tt0Sli'*H^fc.

(3) mms& • j&m

U/C**CD CuInSe2 Elim^a#S###T* 0 , ***¥-¥+ y?&0. 9 e V©MEBgiIS£, ftl. 3 
e CfL(C#U 4 0 0 deg.CTS&Sf3£ 2'DVm'chv&tltZv »-K3fc®JR«a*<x4i

8 3 0 0 0. 07121
(1)
CuInSe2-CdS*»®flfcK:*tf5 CuInSe2 JB©X? V-y^V y h3Sf*CS*S^©«»rffitfe&H''«S.

c2)mm#
-fttfcs, Mo-x^ v-yy;y hstifcCuinSe2-ssufccds t 

<-x HbU Mo 3- hsftfc^xsficxi' 'J -y^'J y h u mm (yy*-) 
%cm#©# cds C0tvi/©%a#m6. m£&£L-c, cu+in ©<-x h&m
i'tx^ v -yy°v y h u/:#i:t y y<bf 'T©B#%m#^frc

c3) effigy•mm
X^ ')->•?') y hSTKl/fc CIS-CdS #m©t;l/|i, 30mA/cm2 mB^<kgS&mEti

Pflm®E»<fSVS6(i^i2fl/c*k CIS4CdS©K-tfy^*HliEl-SjM53&<*S«t-5*f. ±E©S2 ®^&ii CIS Smfi
ffi*Tif6ns^t-eW2-e*So

8300 0. 07122
(i) mum
BBE 30cm X 30cm ©0*S&-> >J =i >=f-y hfrZ. JcS 7 4” -If - y - K <£ oT*BE7 * -' v£«10 ffi LT, SE^SS,

zimmzfrnznzfrmmi-Zo

(2 > mm#
30cm X 30cm ©^SBBBy V 3 yri'£,@S 180 ^nyo^x-^X^X, %#, i»fy/OSRSfil\ &ZJ»7JPWk 

<0 Zm^tZo £©iMX©^igBBBy U 3 y^X7-Yxf6©(i%6-C©%»-C6S.

(3) meaem • mm
C©*g9<f-y-0#jm&6L"Cxf <'C-CtW#%C6(±. 15cmX 15cm ®-f y=fv h* 271"X"f % 

Jp?&5o C©*i!7-l'^-y-r© 30cmx30cm 7x-^-©;£W£ Dli, Bb@3©/JvtMX:- -yx-^-©ii-g-£BW<A' 
T*&. 30cm x 30cm ©#(,'2BKtVHi•> V 3 yffifllSJ&^MEl \Jb, #@$0 ©iSt,'7-f +•- V-SffiK«fcr?T$< C £
7i<nJfiBT&5o

8300 0. 07123
ci) msgw
^CBE CuInSe2 i#E#%m©i:#)©, fi^x hti3jft£ UT© SEL(Stacked Elemental Layer)& 1C M 5 , Newcastle 

Polytechnic (C&l*S:lgiE0mM«*«£-f-5.

<2)w^m#
SEL j£li, CuInSe2 SiiOESS Cu, In, Se2 Liz'&, f0W<£S®$ (7-~M T' CuInSe2 E

mscMMi, #i:&@©E#»6mis^f|:T%$ s y yy;i/<cAMm-c$3. e@, m&m& 
#tggx.TAmm©#i&*M-;, C ©^&©#1A<&#E Lfco

c 3) mt&%: • mm
SEL ftK-fcoT CuInSe2 f$E& SmU/c^lC, Cd(Zn)S *&W;W y^7A K-7° CdS &a#©^g@k#&Tl8jB£ UT

MttsztK&Qtm&mwrffl&vibz, z©^icj;9-c h cuinSe2 a<
nzftZo sel cuinSe2 Eli, «t o 3 y^yy s^i^^-eftjRsnfcEiraacamciKUfcm^coa
»*3*u $fc, t©iBA#(iU<o(igfiTUS. SELmicJ:^mE#©/<3y -^-£#6ii^E##©M#li 

85mW/cm2 ELH mt©T"C %%%$ 4%»<#bilfc=
SEL &©#.#.£ LTIi, St'©HU' H2Se ^TX*ffia UU'.£££'£<£>{/bit 3 o

c 4) g%%$©mm
#### : CuInSe2, m# : 85mW/cm2 ELH E#

: 4 %



8300 0. 0 7 1 2 4
Cl) W5SSW
CuInSe2/CdS 'T. Cu i In LTM^SiS U. WS4' H2Se ©/$'£> DI: Se

i/Wk^ca-c *»sai*aww-S3?&*tt*fc.

(2)
Mo 3- hdn/cT;t/;i-$^li>y7X$E±lc Cu i In <£-%Etrx/N’-y^SfcliSS-?S6-eE/iU c©M£ Se gElM* 

400deg.C"e*l/WbU2to SI I* CdS £X/<y ^T# lj-T*BSfifc;S:S^U> FFffiL/Co

c 3) msaam • ass
SBSitt-S Culn JSOJBatBfr. $E&6£ In a*S< l:UTBafS6CuInSe2 Mi Mo 3- h$*ljtT;l/* 

X*fii©HC. E&X6W 9%

(4)
@m## : CuInSe2. : 9.1%.

8 3 0 0 0. 07125 
(1) ESSK)
CuInSe2 K*«WfeTT®liW«Cu-In CT&t 'T.ffl# H2Se ttzitSe T-kUWbf3#ft(Two Step

ft) i. Cu. In. Se (One Step ft) #&&. C CTIi One Step EflrfttC&tfS. CuInSe2 ft&M©#
tfei. Jtff&fr (EtirEtir. i©M#&M^3.

(2 )
^i>eS»}R*fflIr'fc One Step E*ftl:«t3 CuInSe2 &fiKtt©#te*. XftlHSf. 3fe¥»iWSCJ:-9TW^«. Eig&fti 

©MMFU 0rS©#&frStznzmm&fr&SiibtZo at. £«:: 400deg.C. 30 S-eSBSS-lnxTECb^-

( 3 ) wssm • J$S
One Step EJfftfcfctt* CuInSe2 &atM©JBH8i$li. iDX.5m&iE)@E©E^K5S < fiW IZCl'-Bo ES©E^M© 

K*»-5fc»©aa*#*ftsofc. xmimmc-c*;i/3/<7^ h«aS*WBUfcK ftasM©#is±(=(#&%@##m?&&. 
a*. JBHissaea3fMS»Tr*-9fc.

8300 0. 07126
(1) WSSW
CuInSe2 S*i$fEr6©SJl i LT (Zn.Cd) S £S;Tt-BM) 0 (:. CBD (Chemical Bath Deposition. SSESft) «k Z CdS 

Mi Zn O J; D#JSan40SSJi*ffia i. 4 d iri<£fl£>*lTt'3o C CTIt CuInSe2
^© CBD-CdS &U= ZnO ©S^C/ot, 'T EUROCIS TSIffi U/cSEKlE^©^*lg-S1"-Bo

(2)
CdS M^ CBD (: j: 0 B #A. #(= CdC12. CdI2. CdS 0 4 <D<Z.ot£fi K 5 O A^©#a( j:*BE#©%#l=Eg%B 

c:©»W*M8.36'K-rSfc». XPS.UPS &mUT. F;^A^©S^-CM^Ufc-izvl/©3y^
CuInSe2 JH-h© CdS M©#E& J:# CdS M©g@#%. aff*©atfi®»*i*'«fc. £ \
&im CdS

(3) W3£g;IB • 5%#
CdC12 CdS Mtrii—®© Cl ^j:33>^ = ^»iA6^. CdS04 ^-XCJSIW^T^

lS®ij-V4#tt©ffii6'&a»WC®8[CdSJS*-*ft©fco ^S^(C«fc9. GOOnm HTiCOt 'Tli. CdS@©M@%C0 
c iA#3=h,;t. ZnO SfgiS© ZnO:Al EWiSfl-7 V V TMM$©®jS-fb»<. ®*©n(+)n K- 

tf>^4gffiCM'TaSS*fc. Zn O -CdS 0mS@#iS©*BE%H#%%#@©T/<'f X(CJt^T%@

CdI2<-X : 11.7%. Voc=450mV,FF=68%
CdS04 z< —X ; 11.5%. Voc=424mV,FF=70%

5-iE^lyfco

(4) ^%^©ma
#m## : ZnO—CdS — CuInSe2. %%%$ 11.7%. &# : ELH ESf,100W/cm2

8 3 0 0 0. 07127
(1) BFSSSM
Sn02 i CuInSe2 h7Cd(2+) 3©%ft&&ftKJ:3#<b* K 5 -7 A(CdS)$M©Si£

a@©mG^. j; O T in-situ



(2) mem#
*fi«j 25.50kHz ?o ? sagao&ne&fr-s c i-e

in-situ &a, ##a^aa, ut.

(3)
»«», < 0 6j&ma<#aamm. -s©

3 o©m%u/: 7 j: -x*@3 c
^Sj$a lisarewk $ n, okcai/moi T*%. c ©@im&jm@imm;::i5 # a<t#a%

V&ZZ'tZ/FL-Ct'30 (t l/#%^6©K&(:j:3©-C6iHi, t) c i/J\ ^ 3lif „ )
Ki* k5 0Afr&6-%mm.tKtezcd 

nr,; K^^stir cdsE^%$fi3it'•?xf *zffrmv&ztiz 
t)©-C*3Ci^UTt^30 CftiCj^T, C©#&I:J;3 CdSE^, ###, jSSttlCfct,'TiEqSST®3@6£1£
W?#3.

Eli K- fcfyt/Kd/rit 10**16 cm(-3)S©n ST, c 3 C i^ i:.

8300 0. 0 7 1 2 8
cd mem
®^/ixb0^ + i/-(ALE)fe*at'i:ffU' CdS/CdTe ^©fF^&^SU ffMUi:, */c, ^mitiiTtsMSilSWS 

ttrt K5 *AK«fc3®»tf 3fc»fc, *^EftiT^biLT(,'3i? Ki7A©fi£, WDSSISTBbiva^* K5 7
AOflfcJfc&Li:.

(2) mem#
ALE &(&%(, #@l:j3t 'T#^%, -##©@#lti@E*4# 6il3#%A<*3. CCTIiTcE^i LT Cd, S, Te &#(,'%* 

btz0 :/ n -b X z&Sli 420deg.C T£ 3 „

(3) ?3f5Sfo^ •
ALE &T$!f#Li:, W#M# 12mm2 © CdS/Te jcBSf&Cct'T, 100mW/cm2 ELH /'oy>%#&mUTMBg©iS5#

SiSESW I4%£#fc0
7 K; 7A(imU:(i####ST63d<, *ratii7°D-bXTai,'S:h.33(i, mB/ii'B©SST'$16ffli,^iirt'3Sir 

jt^3i@t)AT^%t'o ^otX 1:61'Tli##^c^Al=%D&i)il3 &©T& 3. tfz CdS/CdTe *#@%© 
I§#63t4m#fl:. * K;7A&&mf3Cili%t\

(4) EW*»©aa
iiSm## : CdTe, &# : 12mm2s !00mW/cm2 ELH 3$
E#^$ : 14.0%

8300 0. 07129
(1) mem
X7 V -y7°V y h 3it'^^fel-cfct)^L?t CdS-CdTe *#%#KjSt'T, -£©SJ$^#©ffi:@;K

-by|/©#%(C^x3B#&^3.

(2) mem#
CdS /<-X@©@3-if©8Mm#m, CdTe •> 77 -&#, CdTe/l±©^x7r^ h#@C Cu Li: C:Cu ##©## 

X7V->yV7h - -7 77-ScOSJWtotiS/it, i'©J:73*'£, SEM I:
«k3%A%0#, Xm@m:ck3m#mmfT:EMf:. $/c, MittrS»W5fci!)i: CdS i CdTe ©tiEffit&IC-DU^Tll^ 
tZo

(3) meism •
CdS /<-X##*t{©%##& &Cf CdTe 07 77-^W<, Voc i^A##l:##&#x3. CdTe ±©^7? 7-Y h 

%@C Cu &Wnf 3i Voc, Jsc, FF »<@C#dit3o 0.56cm2 -byl/T' 5.5%

(4) awi$©ma
tiimn : CdTe, : ffi© 0.56cm2, E##$ : 5.5%

8 3 0 0 0. 07130
cd mem
CdTe -byl/£jfflS© MBE &i, Ar l/—!fKJ:3 PAMBE &(=«%-,"OK# WtRL&. Sfc, 'vrux HlC&ttS K- fc?77’ 

fi-ot>Tfg#-f3o

(2) Bfgem#
Si(100)±|:, —MBE(molecular beam epitaxy)^ <£ -3 T CdTe(100)/l^£26$4f7bo */c, ## BaF2-CaF 

Xr-iUT, Ar ^^7U—yir«fc3 PAMBE(photo-assisted MBE)T&^&$41-, RHEED TE^SiSE^7*



h VU 5 *-fcrUCot'SiSg±^x BaF2-CaF/<y 7 r -Jg£SJ! Ufc±TCdTe 0 
'X-rDjr.b^SSUT Sbx As F-Of&mx t©%x /<v 7 7 UT Si CdTe
U (V 7 h/7&rr) x f©±^0%& CdS & 6(,#m%\ poly-CdS/single-CdTe

( 3 ) GBBBm •
U—Te CDjfSffiL,*5IS^r U Sb F-/<7 RHEED A^-y|;j;,t

tfcx PAMBE iriyT&aStlfc CdTe ##^##(4x 10K ©7* bvl/$*t>X(Cj;a6 1.588eV l=6UT% 
-©iEHA° ,X)h°-7£^Ux MBE ^ICj:5EKJt^TEg»WC*-5C %Ai&%$(4x St£ CdTe ?©#
10**6ohm-cm i'ip S© CdTe:Sb "C lxl0**3ohm-cm WST l/fc0 CdTe:As "CI4 20ohm-cm <t 0' •p $ <s> (Cf&t 5)tl7b0 V
7 hd-7##&m'-CK#L/= CdS/CdTe tvl/TI4S*%#mM#«0«i:J: b ^3C^$l4i»]±?#a6

8300 0. 07131
(i) m%g%
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@£/6''#&Ux 0.0266micrometer tt£5>a GaAs jol 'TI4 MgF2 0.0778micrometer, Si3N4 0.0309micrometer, ZnS
0.0280micrometer © 3 jg ARS

83000. 07155
(1) m%.m

<o iMi/t pn

(2)
H-©*l»®lfcHIJtCjltLT-i>c5nS^;&fs^ij5Wje7s;WDJtie*S-5o ^t6©t7=vl/t%& f>77^g

Sx SRHIfS^iKSK Lambert OfefliJlCiS^fcKiRlcS^t'Tl'S.

(3) w^sm• am
2-306^16 C 6 (4x »Wttfl#Es^*ffi$£iE®K«fcSfc©T*«£ttffl-CS.5. »«»*«£©

fw>0Kj£ffcw*a.5 v^yoxy^vt/^L,7t#-^©^#m%©#m©^-fb^#Muy=#mx #*##%.s v^gsms-g-asht
10**4cm/s £> 10**5cm/s L/z„

8 3 0 0 0. 07156 
Cl)
#$22%(AM1.5) © GaAs^-mffi* LPEx7fA'7 7 -&J&M&IZJ: U/=. C©-fe;U©f4tl*I$l±Ux

If 6 4:61=^; v*4*ttEM*4S&»*W5e**Tr»fc.

c 2)
#mm#©max &gx aaag%6r©aacMf -^*g;x.Tx 0.5^3 4micrometer ©%.; -y f

Sx fro Al(x)Ga(l-x)As S/l®@£ ©llti Uu i; -y ? Jg 14 Xi$ O -y * > i/tiiSW x CV7d77^7x 7
* HI/: $.ytyxsitSSilSicJ;9li^/c0 Znn -k x&##(=##4Lx @A##@&%7°o-fex/:=

c 3) me#m • am
*K%fA©tt#B(4x i; micrometer ©F4I4^5 -y7J¥l^l4ffl^ QjfcftLtel'C tl)<t>fr-3tza L&UW<&x

ij -y 7/S^% C 6/J^t^#-A-C(4x -y ^JS/bVhS < 661: J(sc)^> V(oc)(4#.mi:^-#-6. C©$^I4 PL j$WS

8300 0. 07157
(1)

• r ->x-r -y Kafifec«t *? «M®igsBB GaAs m^ma Lx
5=

c 2) msm#
SE©ES ICB (/f^-Wb^7X^- • f-A) SSSei-=k 0 GaAs 7 jl-s'-RUMo £n- h Ltzifv Z.m&±

'V GaAsfflxtf^ + J'+^Rix ^SKMltx f©##^ML4:.

c 3) ms#m • am
%^M##x *»3tlS®!Sfim©^-CMOCVDffiil3J3rfiU'ttS*fe-DjlfflR*<»6nfc. 10**17cm**(-3) n 

J1I42600cm2/Vs©SE/g^l", C ©<t ■?tiE®±iCfFbtl/c->3 -y 15mA/cm2 ©AISiE^to 0
#&m(4i@tv h^-7V^- KttfcJ:* 7mA/cm2 ©*S»*SS*iF U 2 6l:±$(,'%8lcd#6fl3
*imm<z,?>o

8 3 0 0 0. 07158 
(1) FF35BM



GaAs 100 170ECU/m2 *3UI4%tAM
nxh 250 *'£> 350ECU/m2 CDil^^^jt-vUnx h 6. •€:©=Jtgti*&iit"f'3o

(2) mm#
HI/* 7 ?(4x h°^*'7-wWl#fffi0fci6©$t£©3X hTSD. WS.©#®<t UT GaAs ^ Ge J&M£t>tl3in 

X H4iS<ti!)-t^TU$-50 #8&*&L'(±#&%©©^ V a>#K©3X h©BiiU{4iS^$ I'iS.&oX&Zfr CStEnx h 
#fS 65ECU/m2) . ^77 ^--xh°^^;l/&iC j:5ffi3X hT^faSf©
&K±^©*A 145 6 KB«T$ 3 „

2 026©^ HU* 7 ? 14. MOCVD &T0#X0$jm^$*|6i±*-ti-3^S^& 9. *4l6©3X £^$-£3;&g;Ci<
636U9AT63. 3£/£#?©*§£**§ < 73 C £&£{:: MOCVDSStFOSBnx h*t> -p £TI:f3-&S
*<*3. #%(=. #K GaAs ^ Ge #K*mU3#^CI4. GaAs @*©*@#5^©^ h^* 7 7 (:%3W#W<
63o

(3)
nx hB#&ad#a©(4#m=B#T&3#. ;F=mri474u0 ±(=a-(4:«t9fif4i©#%?yy -^x/i/-####

BT&a.

8300 0. 07159
ci) wftm
GaAs ±fC MOCVD &Tg2#*#/= In(l-x)Ga(x)P x h°@ir-3V 'XmttZo

( 2) mm#
In(l-x)Ga(x)P |4lSt#M##@©Amm%m©##6 LTm'ZtiZo In(l-x)Ga(x)P ©*m%^##(4. GaAs *<-Xl= U4: 

^ 7f A*^@%C4,t'T££ LTSt)tlT(,'3 Al(l-x)Ga(x)As4:0 WU. GaAsStS±^. MOCVD&TIn(l-x)Ga(x)Pxkf

nmmbtc,,

c 3) bm% • a#
In(l-x)Ga(x)P x #g*#% ai&miaST#C04:9 L4:#I4.

K-7°LT(,'/4(,'@© Hall-v.d.Pauw LTteSiE© 6000cm2V**(-
l)sec**(-l)©^I6ffi^ bfz0 £*s4deg.K T07* h^S^-y-fe >XSlJS(4 9.0meV ©¥ffi£i®£l '?S*^#fcoIn(l-x)Ga(x)P 
*RB@%©?#R»TI4 4.6% (AM1.5) ©%$*#^o C0%$*|«]±*-t43C£(4##T&3£%xTU3.

(4) ^##$©ma
: 3-5 ms. In(l-x)Ga(x)P 

%%%$ : 4.5%
&# : AMl.5
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ci) m%.m
AlGaAs/GaAspin 0S@f#F(MQW)7^ hT'-l'*- K©fl'<*7X#%Ko(,'TmE1"30

c 2) mm#
*F(MQW)^@%f (SL)6l' o fc LDSCLow Dimentional Structure)* pin @*RB%%©@## (:%0A4t3C£(=4: 

0 £tl3 <tt't)tlT(,'3o
CtvSr^E-^afc&f:: MQW*fc-7 AlGaAs/GaAspin S7t K©#/W7XT©#f#*M^. MQW*#/=34UC£
^l4R-#m©t;l/6jtK D/c0

C 3) Bf%#* • d%%
^##%T©/< 7 ^^>y;l/T(4. 7XT*dtl3mSf#$(4. JI'<*7XT**£

ft3= 1©^mfEEItt'<AA/hSC't©0. E&®8c(4"f-ptjzgfritz,
X© 86)bE#l:4:3x*/Pf-^##$(4S:f #p©74t '-f/W X4:0 110%&R(,'4--Xt&ct.

8300 0. 07161 
Cl) W52SW
WIW h l4S)ba Si AR§®yt!sTi$» LTjb’ 0 .GaAs Aratiil::*! UT t>®ffl^SSdnT(, '3^.S^©@3-^

X; 77- K-y h©-tf-1"X64:IX34:A.%^%T(4%U. * CT.#rLt##*#^@3? hS© 
a.; y ^ - *j^-7 GaAs 'T#gf 04:.

c 2) mm# -
%@3>^^ h^CDx; GaAs *1#%%©##*#%^U4:t©*^#*K%#xIff 4^-ale4:9 WEL.f

4'^-- K@m.Bgm%©mr*fT7mB*A±f 3t&cg



y bscojL; y ^ GaAs oiEi%izmtttzz Lfc,;©fw^
CJSEtt-rSfctoCtt,^^^-- K(DB|mSE*x)SS-t5St4^5h- fci'ttO/J'S

( 3 )

8300 0. 07162
(1)

CuInSe2 ^VK4cm2>14%)J?'/.hi5?©JE-vn —Vl'(900cm2-.11.2%)/J'' Simens Solar Industries TiiSifFd/lTO ">3. ®na£ 

VMVti-Z o

(2) wgsm#
0.4m2 £(,'-5:** CIS ^®a©^V?a.-JW'Z'bZter'Ux

t'U X >X#?fr©f£iffl£l£§^3 fc»*±E©JB$8»fci#&-rNOBIC(}fe fcf- Lfc.

(3)
3t¥»ssa»«^«^®aa#K j: its osic A t#M©& a&a©#8# 3 ^ %.

Ut5'L.EOlfSSSS^m, W6 OBICffiffi* AliffiHtf*c/c. cift &©g*H*®fi©3Biv**-->y©^%#&.%*#
s©«aft*-r<5±-cfa:KS-30

8 3 0 0 0. 0 7 l 6 3 
CDW3SB®
InSe2 ^©{fi® 3 7^fc^¥^0*&tt:fe«fctf#¥tt4fttW:K1^IB©^K:£ffi3tiac: £#*>*'oTIr'S. f^'VX 

©^g$m±^#3 (:.CuInSe2 <!:©*«*ffi3a-f 3.

( 2) BF5EF*JS
'T.CuInSe2 Lfc. C©gWK:$^#%*CH©ffl®<!:SE

&n<D&5m?Mg%i:££%>3ycpg©y -r l/c. c©#m^$w u-cm%©m%&m#m© cuinse2
3 DLTS aiJSTISbtiSkFS y/<VI/JC* Vl/f - © ^ fc.

(3)
S^»*ife»S^RSlii(aSCffiffiL*-5at'T^-fe^-i T*00J:0%P8 

®S©{gt,'#©^4"y©^pgi LTti.DLTS C «fc 5 tl3»t' l/<Vl/©^BA<$5 £(,'-5 C 6T&3.

83000. 07164 
(1) E5£BM
SSS h >*;WS»l8fc:ct 0 ,CuInSe2 f©—3©^B#%(=* UTfV 7^r-;l/K;l't©SW^^D-fe'y

»*4«4»ffli£iR‘&KlK:fT5 o

c 2) mem#
Mmzm'T<D'Kffi'<i/'<-•>3 >i=j;0±jyn-fev y%&.##&####&#?##L/c. Rxy-
- Vl/mf tc - Ae^@m&(NEBIC)&(: J; V 7 ©*^&#e L/:. CuInSe2(22O)M©#^0^l%##©&l@^ 7 %
#3IJEH-© 2 -o©to2; Litf- y |R|#*7-7;l/^0 STM J 7‘n-b y ^

(3) m&Bm-a#
dCKMSSDW-y 1/<VI,-Ct@#WI%yot y i/ >y&U#%M^-a-K(=fT9#&(±x4'%© CuInSe2 *K%%R#©j@

#1:# LTS5l*affl**-r - 6(:%3v.

8300 0. 07165
(DW3SSW

3 .GaAs/s; ey y ->y y 2 >7A^m%©##^o.

(2) msms
GaAs/Si ey v Z/ y ^ 2 @fy MOCVD CJcD##

(3) m&Bm-a#
Stif-^^VUT--V GaAs/Si ©#^###±$#3 ©(:#%?& /:. -E0^m(C J: D ^GaAs/Si ty V i/y^ 2 

>7=A*IB%i&<D§E&#,## AM0.1 Sun ©A#T 12.9%&m% (i.f fl-0^ 15.27mA/cm2»
1.358V,72.1%Tc> c /c. 34%<£iSj$-t3 Al(0.25)Ga(0.75)As/Si ^ >fAtW4ili Lfc.



: GaAs/Si
R&SW : 12.9%, ; AMOaSun

(4)

8300 0. 0 7 1 6 6
(1) E%B69

(2) 0f%me
hvU 5 * -y -b >X$iJS©jES^SiJS^<£-Sffi1-5 C t%m$-fZ>o '

(3)
3-5 ^©{b^###*##©7-C/ h;l/S^'y-b

>xe£c j; < wets, coajje^&owa&tfe&^ssESftfco

8300 0. 07167
ci) m%Bm
MoSe2 * WSe2 ^ Tl '&#,f©##(i-#C

/j'is«©#SiaK«fc t>#c=

(2) mm#
r.f.X/<y ^ -(= j; V 7f>6^ >/XT >0^@m^,^#Z/XTA;=^UTy7 I'-feUWCl/-CSffLfc

MbSe2J@K*«fcOt WSe2«HR*ftfiU jt¥»*«fcacaSi»4#ft*W^fc« £fc, *ft*El'T3fee«*S&£©fc»®3HP*fis 
«LfXM/fco

c 3)
-b U >©^EC## bT,ra^©afKl«l 'T 2 @@©T+Xf +ffl|fcW§ fcftfco

&4~f a li c mfimmicsffTizmftUf'r? b bc #a#m:mmcB2(Snr&. MoSe2 k^+ *:/(*
1.29eV t 1.40eV ©RSC* '?£&/<> K^-f -y 7”li 1.05eV i 1.12eV ©KC*So WSe2 T{i,ftj£t--5ffili,-eil-£'il.
1.45+-0.05eV, 1.25+-0.05eV "C&6.

JB$ESS-ti-fc$$©(as grown)SM©SST©ffi$L$li,MoSe2 T'ti,10**(-3)^b 10**4ohmcm ©fafflrS D,WSe2 Tli 1 
/&'£> 10**2ohmcm ©SsET£3o Ctlt»©®li#gHsa0^iHSgT*So UTp-MoSe2p-WSe2
J@K*,SWi LzT n-ZnO Ufc0

MoSe2 KT'(i,I(sc)(i 18mA/cm2 £TSJ®KU(oc)l±/c-oiz 16mV T*ofc0 —##&&(,' WSe2 KT
(i I (sc) 13 16microA/cm2,U(oc)(i 92.5mV Xh ? tza

8300 0. 07168
ci) m%%®
CdSiAs2 <*-

c 2) mftfim
P yWlxZR&'izmm K- CdSiAs2 *©4#tt*Mil,fc.

C 3) 0FSttg$*j£$
zm'tiz j: -5 c, a k ; * aim h o-r > •? * a ii7M - t” • k^-- i ur^,5 ^ 7 0 p ^ ^ y©m##t L 

T*v h^-f VTS?S4.0*10**15cm**(-3),Sin:$20ohmcin,d-x-yl/Sa6S90cm2/(Vs)©t)©5-ffiC->5<bSS©y^^-- KSiSli 
15 A-M 410 ffi© K- t’ >^T'#&nfc.

SS^fiR © fc&tey A ©tefc, ^KS^Aity £(,%•? »55tt^©3tfeT* ZxbMZtiZo MffiEE li
635mV (:mUSS&SdlcIi 0.5mAcm**(-2)6%g. DLTSCX'f -7°- l/'tVl/iSgS-jtyES*'S 350meV ©T^-b7°^ - 
h>- U^k&Wi'Sftjfc. »® IV 6 200ohmcm2Jg{±©iS(,"> V 
ffl3tLT^ttt'3t*ffioT33J»fc^-3t#ttli A3« 800nm A'6%^D,700nmUfc„C©*S4'^ V -X3gi/tli,*©(-f 

< -y- h>-k<vi/©3t&ci@*#-c&& n ^4"^ayk##©E%c «ko
(101)£;l?affiiZft£tltt®mmXtt'A ®£(1.55eV)K::&ttS3fe®SH:,C #C?iT%im)kC J: %(37^,mm 

J: 0 t 3.1 ZOZtltnf'f
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(1) W3SBW
/<> K^+ y 7°*< 0.95eV V& lyTH*t'^FfctlT(r'S/<-f 5-T hOUV)

©»afec j; 4#t4©ai



( 3 )
46C5TI@C^TU3C6?*a. *©*:»,figfcJ: -5T

MwaiiUgfo-Yd-toaGasB^Di'ftosMSfcacT/tx^zaft#*. mocvd <&#?
izm+tfxtk®4 jrVizJz-, TSIJS)dft5M#©^ir jb'(, 'TH2S ©SSir^^reiJSStiSo if?x%mwit L
TIBl, 'fc <h £ irg I) at. W# 6. tLfco b • x-f y©<a-/6<ISBSti*:» d©W*p ^-C:/

C 2)

8 3 0 0 0. 07170 
Cl) FBEBM
a%#S%&YbKCrCO)li*RS%^^6^< ©^7° h d-7-X^^©j®«©'5o

Sn02Kf±,*©4>T*>®ftfc#&£}#-x0 Sn02=>X h©^t.

(2)
X -y v£ K-riyfc Sn02(Sn02:F)M^±tl4IT,SnC14-5H201NH4P,CH30H,H20.HCl □ '/>SS5

S(S!l^ chemical mist deposition &)7?x — — >7’* 7059 t5Tx XStiLhfC-flpSi!

( 3 )
S®ZSS^S?S©'fk^EE5-fiiS'fb LtiiJfcfrXf Sn02:F (±lE3i0g 79%,S6l$ 4.3*10**(-4)ohm cm,@SMj

o.6 >x&-,tzo xmim*©em«k o.th#&©^;K&-c6o.czoo^iancaau^i\
6oo gT©i&&!,a%ia-e©#©3MT©@##ii&% 9 o

8300 0. 07171 
(1) E92B69
T'sY-’ft in izjz’ofmu&nzikii-fz.

c 2) msm#
v-^SP(#xx&K©±l:.i@#&{*k0-#&l= J:9.7 y F-^6 In K-:/©Zn0 8f®i*£j®§-e:fc. t'<o^©y°y^-f

K-7©Zn0itR£jffl^*::«fc£S»-fc. In K-7°teIn(C5H702)3 ©T-b^T-fe h
caffllniLiciciOS-afc.

(3) 0F%&$'j£$
##3Em©y f;l/7Vl/3ZnO fetlfc. 10**(-3)ohm-cms*-JV&Wl

S:21 cm2/V"S\
v TSg-.i.sx io**(20)^i#^n>m^zsgii^irmt© in mm* oi&< 

m.mx- 85%-e* o tzo
Jg©J3$rWi8fizSg<!: In F-^fCj: DI1HT'§6= 500nm ©^mT 5x30**(-3)ohm(-l)$T©/\ - ^ ©^ V v MSCHaack’s 

Figure of merit) /6{#bft7t0
In K-r©#&li ZnO C©#mii,*#a:$vl/f-g%,#(C ZnO/CdTe ^ ZnO/Si

*mmm©j; ? **»3feaaca u-cua.

8300 0. 07172
(1) WSSB65
x7u-i’mftM&£j:9!m$tifz zno mmo&niz-Di, 'T.mmm, k- tf y ^ sg©®#*^» u/t=

(2) Egsm#
znoafK*»jffii-sKSON sfcwasflSMk ^n=*. &

tz\$t $ J - 3fcJ&E&g£400 75'S 500 deg.C dEX-TX t ft 6©#K##~©##&S9'<;to fl&flfclS£*%»

C 3) &F£@$'JS&&
^pji=7;i'3-;i/tmi,xaa$6^%#A<%#$fis.4oodeg.cT.i%©in#t#x,^/^y-)i/©%#@ga#&&muA:^

##©^^<# 92%sJiffiStffi 5- 10**(-3)ohm-cm TS> o tz„
mm*® in ©WE(±sg%gag*mg,^aa$6#@$^%#-#-a c uza

8300 0. 07173
ci) Eses&ij
s.mn do 7/fhD yx/< v?iz£t)jm uz zno=Ai K©aa^«®p*«Mrt-s



c2)ft®
A1 K-^®7ta6 Zn A1 TEyfc^-^'-y h £$(,'JtglStt DC 7^? hD>0%X/<y^(:j:Om^l/^: ZnOzAl

U^. 4 X l0**(-2)Pa~l X 10**(-2)Pa ST?B*#E*ayt3::iK<fc?KAl K-7S* 1-5 #f%©MT
E-fkd-tir^,

( 3)
ZnO:AlKtt,JffiBBfe#C«k»jA3fa^ *' »>^‘yteSflBS*^Lfc. XWi:£t^±#$6

tiOx 5fcj&$L75Wr-5C
>"Gft 90%*<#&:%/=—:5\1000nm £@X.-E>zfcgiSTgti4^ V 70KWSC -3 7=. 350deg.C Ti& 

JRf Si>++ V TZSS(± 7-10**(20)cm(-3)T\ $Mi4000ohm.cm(-l)£±@]-z>?to %C11)K 
<§.H(Dx.-

Z 0 ZnOzAl Cu(Ga,In)Se2 *R§m?t&©S@6 5(, 'li^a-SiGezH *#%*&© TOO ©<fc 7 tofcffijfeSWSJB&Kaffl'CS 6 Z
bi&misftiza
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(1) m%.m

(2) msm#
£, wse2 ^\f-o#^*#mmic^uTiim^t)-t±(Super position)©

MmJWWC&ZtZ ti)<7jk%lZtitZo EBIC 7%#E V(B)(:##LTU3. Si®)fe1E^I(L0)i I(L)i©C©ffl
ai±%B?u«fii:ja*^3S2jBJst©Kftcj: c cacjzo zis&ii^a t>
6fL50 I(L)^^m#%^mS(I)6Mai"^lj-5/:%)l=,CuInSe2/Cd(Zn)S p-i-n ¥4*- KI8t LT Eton CJ:-o

:©tf^3» v^-y^x- Kmc%mUx%AT ebic uz:.
Si ; v f #M(Al,Ag,In,ZnO)6C*l&©##© Si Ufc=

( 3 ) 0F%@$*j$£
9xio**2~5xio**5cm/s ©%MS®-6-@ffi^SiJSStifc= jfeSSt«Ei EBIC ##©^#f- X li^ES^^itiSicC 'fit
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(1)
AiGaAs /\-f-f. u 7©mw#%6$ Qm.p-ni-v #m©

Bt!s- HSK R(sh)&3>f f h»Jjgxe©lifi»SK:*t'T3B^«3Erft*BF3i:i*So

(2) Bfgsm#
*x-/N*>5,©vi/;*v-bir * y5-eaijs-r5„ M/5**

•b >%#-?n(PL)©^-S-xl/^ h nyl/$*-y-fcr>X##n(EL)©^.-#-%*)"6 n(PL)+n(EL)&EWST$iJ£Ux@PR©&@%T 
I4> n(EL)©*£im£f<5. Q(i) ©StePSEti n(EL)/n(PL)+n(EL)<i:i®$U7c» 7x-^© V(oc)(±C7j:-/\© n(EL)#?tm% 
©3>^^ H%iS£jf-o AiGaAs %%*#%%© n(EL)##&A^f 5C6(:jz!)5^Lfc. 8J£Lfc—a© V(oc)©ISi^tli-

p-n jg£ I-V &&&&&&&• '>- MSfitiE R(sh)(iR»C7 xA©»rt© n(EL)^
tm&Cz t 5 C 6l: j: 5.

(3) fimsm-Es
JK±©J;-5ft*X-*^SIJS1-5micck-yT#e.

8300 0. 07176
(1) mzzm
a-Si P-I-N 7XSS©Sfr U 'frVr^TJl'Zmi LtCc

(2) m%m#
c©efm6y>yv k h? yy©m@&$mcA^ft t©?&s. m^wyxmEc

aM-&3a6©M#&9mf=aom2ut-f;p©%g#©#m&R^&.

(3)
< -a:i/ft0 p-i-n o &* c t©?# 3 c©e-f< -citr. -e©
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Cl) WI£BW



(2)
30#J£U*li=Mn!/<»UK:aaS-a:-5fc»C%10(M00mA/cm2 it,'■?K®g©E#[6]/-'VTxmffi*j£A-TSd £*«*fc.

(s)
ffl»«rifflii.4jaa8ffoi®cifitt«ii-s. dniiAPSey-- v >/am#

iSrSTl-iJl- 'T-f- < ft -5 fcJ6-e* -5
x-v?y/«$#5<!:,M0 AMi.5 jtemirJt^ett-fb^vi/^-ofgtr^SS’S^PiS^.t 4dti3©A 
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The photovoltaic power generation system has become of major interest as one of the means of solving problems in view of 
meeting global environmental issues. This paper describes governmental development organization and programs, the 
present technical sitution, trends and programs for promoting photovoltaic power generation system for residential use.
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The space experiments of semi-conductor crystal growth for the solor battery is planned to do by the Space Flyer Unit (SFU) 
which is launched by Japanese H-2 rocket and retrieved by the Space Shuttle after mission complete. IHI has developed the 
two facilities of Gradient Heating Furnace (GHF) and Mirror Furnace(MHF), and also participated to do the material tests as 
the investigator. GHF and MHF has the automatic sample exchanger" each other and is designed to do multi-tests 
automatically. This paper describes the IHI’s activities for development of the facilities and crystal growth experiments.
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In order to obtain uniform 3-5 ternary crystal such as AlGaAs and InGaAs using liquid phase epitaxial (LPE) growth, it is 
important to know effects of diffusion and convection on compositional variation in the ternary crystals during growth. Each 
one of the effects has not. been well understood because the crystal growth on the ground is always affected by both diffusion 
and convection. The purpose of this work is to make the effects clear by comparison between two experimental results on the 
ground and in the space, with the help of theoretical calculation.
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It. is highly probable, that water supply and desalination systems driven by solar electricity generation will be combined with 
greening facilities in arid region in the future. In addition, when we consider the abundance of sunlight radiation and look at 
the breeding nature of photovoltaic electricity generation, the development of production facilities powered by solar energy 
becomes a valid subject for discussion.
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The film properties and solar cell performance of amorphous SiGe:H (a-SiGe:H) samples have been systematically 
investigated, using constant optical gap and various compositions of hydrogen and germanium. It was found that the 
hydrogen content and bonding configurations play important roles in determining both the initial properties and stability.
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Recent advances in amorphous silicon (a-Si) solar cells and their industrialization are reviewed. Technological developments 
in the stability of a-Si solar cells are described from two points of view, the influence of hydrogen and impurities. A practical 
simulation method is proposed for optimizing multi-junction solar cells. Unique applications of a-Si solar cells are introduced 
and their future is forecasted, including a new concept for an energy system.
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Major factors hindering the extended distribution of the photovoltaic (PV) power generation system include higher initial cost 
of installation and greater economic burden for the purchasers. One of ways to overcome these hindrances is to integrate the 
PV power system with the building, thus reducing the building cost for the PV installation. PVTEC has started the research 
and development, of PV modules of new type incorporated in building materials in contract with NEDO as a four-year project 
from fiscal 1993.
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Amorphous silicon (a-Si) photovoltaic (PV) modules have been light-soaked indoors for'1000 hours and outdoors for more than 
4 years. The results showed that their conversion efficiency are stabilized within the initial 20 hours and within the initial 
150 days, respectively. The electric energies generated by a-Si PV modules were predicted by taking into account the solar 
spectrum, module temperature and solar irradiance and the prediction error added for 20 months for these factors were 14%, 
2% and 1.5%, respectively. The results showed that a simulation model developed can predict the generated electric energies 
in the field.
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Substrate-type and superstoate-type thin film solar cells based on Cu(In,Ga)Se2 (GIGS) absorber layers deposited by physical 
vapor deposition were fablicated. The microstructures of these solar cells were studied by cross-sectional high resolution 
transmission microscopoy. Substrate-type solar cells with efficiencies of 15.2% (active area: 0.1 cm2) and 15.4% (active area:
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LO cm2) were achieved by using the GIGS absorber layers deposited by "bi-layer process" and "three-stage process,' 
respectively.
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There are many reports on the improvement of stability by the use of new deposition methods. We have developed the novel 
deposition method controlling the optical bandgap and improving the stability of a-Si:H films. This method was applied for 
a-Si:H single junction solar cell fabrication. The resulting solar cells showed high performances of high Voc and FF. In this 
paper, the light stability of the high quality a-Si:H films prepared by using this deposition method, and the results of the 
application of these films for the intrinsic layer of a-Si single junction solar cells were presented.
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For improvement of multicrystalline silicon solar cells, key technologies such as optimization of emitter structure, reduction of 
surface reflectance, bulk and surface passivation and preparation of electrode have been investigated. Conversion 
efficiencies of 16,5% and 16.4% have been obtained for multicrystalline silicon cells with cell areas of 10x10 cm2 and 15x15 
cm2, respectively, using substrates made by the casting method.
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We developed an analytical model for the effects of edge dislocations in the base of n(+)-p silicon solar cells by solving the 
minority carrier diffusion equation in cylindrical coordinates. Separation of variables splits the three-dimentional problem 
into a two-dimentional radial problem and a one-dimentional one perpendicular to the p-n junction.
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To obtain a high-efficiency single-crystalline silicon solar cells, the improvement of open-ciecuit voltage (Voc) is very 
important. For this purpose, an optimum geometrical structure was determined for rear local contact using a solar cell 
device simulation based on the improved oxidation process which provides a very small surface recombination velocity at 
Si02/Si interface. As a result, a high Voc of 700mV was obtained on a planar cell structure.

(1) 0BSSW
s/ v =i t&c, %#&#©*#(, mms (voc) ©isiE^iriLfc,



eX 51 iB ^ co l =7 sq tX d >r Ml Ml a ^ ?t r< ex o <°
5r n) bh 17 lit 4r ~ co v X1 Ml Ml co 4$ A i? -m a vmn EE 9 ° S •- co
S ^ $Sy Jr^'"' ° 1 tX A | ^ 8 ° ^ V V 4 1 " S >r n v ^ o
!?§ nEoSI° Ml n ^ Mi s S f ^ ^ m Mi m + o
8 & xl S g Si $ ° -m (V Sr- I S 92f aSSn-st i » H » # X' » O
£? 3 17 8 55 1 db ' v 4: rv v 5£ lit d ##B Hr ^3 a?s§'

d St <r 4 3 ® 'itdSi i S 517f!$413« 1 m 9Sg^»o
ct*- 4 -S’ 9+ 01 8 W TV MI • d y tienavi Hi ® S 4 oi

9 HP -X 4 ' o g ft Ml -M gv rt iS2 45? 2t ^ S-M iF> S* 8 fh °
a 2$ v ^ rr, i- 8 ° 1 V * ° Si A j$ X< 9 V fH hr v ~

44 I^IVC r 05 gi M: Ml Me iS i+ 77 €n S? Me p it 77 MJ Ui
m 51 Hy 8 ^7 1 -M 7% hr e>> 0 Jr^w- n“f|s
Bi 0<^2E^ 3Mi v 0 Mi f 17 o< t#gl 0 eX X

° 8 3a 1© % 1 >17 St Or d r< X >$r 17 S3 V
rr 3 lit §r9d 8 77 ^ 4 -m 3 d

id- S' 77 %t * 1 B 5 &J Jr g e-* ^ 77 ^ X' M' U
Mi A^% f#Mj ny ©IMS’S M > & Dir 1 1 V

I it? U Pr 8 ^ US: * #y Sffdl 4 T T ^
sr x c avttp 9ng' urn (X 8

l t A 4-M(4>h Bovit ° r< ir %
a #^iS \3"< (it £>» $|a ^ia «v 91 S? ^ ot fV 1 ^
B b > n ifr & S a y dPiSnS- itF S /+
5t ft §F 1 ^ IT ft* iS 8 iS y < 7t S -M ^
8# Xi %# d (V 9 hr it® 39 S > x 1 V ^
% M 5 B at-Uri# Mi Me g

1 Ml r% (X@y B at a 4K & H + i ^ d
8 v «X Ml fisstv 8 tst \£ S\ M' ^ 77 S
§§ © n m tv i&t Sf x Xty ^ * r H i

B fV 1 %-M-8 X 4i? m d SvTr s ~m i
3 , »lit^ thS v m bf © ft ^ S !f A 4 ^
Cd ft lit IS 8 4-1* I X- W&° 4@g v eX W

X; 51 es 0 fi'JiP y hr < 4X r% sen y
1 M o rr a; 7t S§ -m d < Ml 1 iS ll U rr(V@

CO l ?t c & ° c v & 1 St Mi ® ^ ^ *1 K1
v ° d nn d Me ^ k-#d
# * T m S9r I %8 t ° X< M"
inf? A <X C y Jr ?t ^ M 1 eX n> , fi?tH
$9 y ° d fS M< W 1 77 Ml 0 # i n ° t$
% » n 17 h" AO s Jr A r< - % d EE 77
£ 8 8* Hlg -m or v 9 A m; 5? @ JS
v3- Bi rt% #^4# V y Mt A 0? | y
5p 8 » y 8*§ Me S EE » 8 mi < hr eX
ct 44" Si =Dr Or rj tv * gsy at i i 5 x-
bf >4 4* 35 Urn A#S#M). Mi St 1
% -6 0 -x % % a @ Si Si? S -X 1 rr t
8 '32 [& v bin r ft 4 77 X m ^ v C
& (tF la r^V # i y hr -X J -M d ^ 1 d 8
2$ ri^ IsE lit ^ Mi V 17 ^ IS i^ S 5+H/ Ft ss •Mirv S’ St tfv d > 9! ^SS
m a 0 4 9 45? 5+ y OP V r? S3
Sm ti->heX y d M S 0 y f dS
% r^v ^ f( S; 8 < 77 EE ^ B A 77 59 Mi ett
PS it a rr Mi 91 > gi ^ 1 35 & # q x %
s ^ B n X piit m° Hr # P
HP 77 9 Jr rvff& asi-M mux tts i

< (it 17 Pi* Sr V y * 7r 17 v
)j§ 5=y I &d fS (V Me ^ ^ 1 S eX d

77 4<ital Mi S' Sf <+ A 77 1 IS 170 a*

z

*«» 7 vf:' ■

n ^ d 35 X ^ n C" # ^ m /-N p3 r\ x- m ^
1 EE CO 8 17 1 25 to S' n ilt ih w FH:^ co <" 8 a M
v © ''" 39y ^ 77 y x; B w ® 4?SS53~ iit@i- M ga£$'-y
M st m rn r«Sil§ Jr WH o •• sat» vSSI
CO 1 » lit s- a ^ O a | 77 rS ° > -BS5S AS5S I
A=^at »(it St lit 2- >r77^thnn- s .. .. gt ■° *8f X' 77 3 3
Ptt|@* My S« SB * 8 17 3 o b5fei p 3a w Jr hr #
» d! • C- 77 «: or ^ m- §1 d w y co Sit 8 §* • V o- ©
# x; g? a i o 5 ^ ga ^ S * a a
8 w * ° Sr St EE ' It lity - o <• gE ? 3a 2$ia S
?9 l way m EE^lEt 1 ^ 3 <=. 1 lit 0i
d» v A ^ H ^ fa ^ §■ 1 U ills 9
77 lit g(y st-ictt? 3 V % 17 ® u
2RK 311 a 8 tstgd a 5° B y 74 v

S 5? S nh jrf 17 ; u gam Mr
cr r m Ky * q.EeX 8 8 V 18 lit Mr
d y aas* m[\ «ta» g* Mr StESt

y Iit^-E4 #^y 59 Mr SAI
m m Hint X' Ft? st^^iit o s=° m
BB BSS i «ft 4r*»nn 4 BSt tv
@ ^ y c T rr l H s SS A. g?B r
lit d 9!y y C* ?ftWr H (V N=y
%gi ga w my cr 5 l d 00 Maw
#3$ m m si 3 B m rr
r 8 ?$% A4 s-'Kim o" u (VX
d EE y @)d eX ^ rr 9 c X' nr rtr
17 5§S 5hS i v ft ™ 9+ U- 3 Mr (jt ©
eX St Eli o- 77 nrg){!8 X ft Mr 77 M
° (V F$ * d y 77 ^ At ►n t ® a

5H y X;SS A ^OrS s rx §» (it
# 91 M g?H «xH ' g$ y M SI
Ss ^ i ovpg ° |M-rv IX S\gf#
hr F$^S" f Hy v£ lit ® ^
9 y 8 d 35 4
S »«17 4 | XH s 5y d
t$ ^^iXtS ? AiS
lit B%° # 3 ' ^d
it d ^ lit lit t 1 0 A
C fg oit xt at ^ EE 9 3 SV
d y AM W f, * B co (Jt :gl

m° i r 1 a ®
tX % ri ^ d Q
n % 8 8 d ^77 A 5t 77 77
rr 4 $ 1# X4 Z® » in' %4 9+
lit 8 x; % M 9 4 % d
g # M g 1 5 4 El ^ o
% K l «8 7? a. eX ® n We >
r ® ^ lit* gd#

* s-ig
7t d 77 nn B S (VIV «x iS

at J 3® 1^1 A
li «X 17 (V 2j! ^ii

° d c* (it 5 3r cv § (it 17
» y Ail Tt r ot 3 *y

EE 44 d ^ d li < » *
r ^ A A %. 17 A 9 «X A
A at»° D: eX 5+ St A®
r|t rr ^ d A° ® B »E4
x; c lit x; r 0t ^ » y H



>©&e, cg>mnmt>ntz0 rp#m^©-majeese^*®®
e*jk o tfu-tcm&iz-Di, 'TiTfrtitco Av-*raiji®jS&®icouTi±, E#Kim©mme&#;L, y? 7 y, 7>-,
•fxp-, 7"v -y©^m©^.&m-#-aE&, iis©$£Sc • <mmf ac
tur,tca *■ y ^-MmRvwdwrjjtti(D&itt(DL\''v, E^ti-:©iNj± «*®iimo awsti, Am®m#A#©mm#

ESSiEsktEfStiiiii 1 2 m B^EESfi,
i]7.fr-y h©Kltii, •>-x;i/-^^/©;e^a-7H:^'tM§li/;o CGCjca-f-y^y#Mli, SftLfcfcjH^SC, * 
? D#^/:#-&©m^77f- K©-l'y-y^I*ly/c0

(3)
^mffi-T'SilliJRStibKe^^i/T-^-e, W9b©#^E©-6-lj-SAfS®SliAB®toEESS©50%jaTT$>-o/co ijv-jz

gfa&'t'u- (E#R±m%w tvwc^uTimmyotxT 11.3%
©gm%W&#/=. *7-A®®?MW7X*-t"77*-vl/©4-^-r©##(c#GTB^KilfeWEt 'Cl6

(4) %%%$©#&
<em## : T'U—fz;u
%%%$ : 11.3%, : 100x100mm, AM1.5, 25deg.C

9 3 0 0 0. 05017
Improvement in the stabilized efficiency of single-junction and multi-junction amorphous silicon solar cells are studied. The 
stabilized efficiency, or efficiency after light exposure, of a-Si solar cells can be improved by suppressing impurities such as 
oxygen and nitrogen in the intrinsic layer of the cells. It has also been found that the defect density of a -Si films and 
conversion efficiency of a-Si solar cells both at the initial state and the stabilized state are strongly correlated with the content 
of hydrogen having an SiII2 configuration rather than with the total hydrogen content in a-Si i-layers.
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9300 0. 05030
Research activities to develop large-area, CuInSe2(CIS)-based thin-film solar-modules have concentrated to expand the open- 
circuit. voltage by adding Ga or S in a CIS thin-film absorber which leads to prepare a high-quality Cu(hiGa)Se2 (GIGS), 
0uIn(SeS)2(CISS) or Cu(InGa)(SeS92(CIGSS) thin-film absorbers and to eliminate Cd-containing materials from the 
structure of CIS-based thin-film solar cells. The purpose of this study is to develop high-quality GIGS thin-film absorbers on 
a 100cm2 substrates prepared by a selenization method or two-stage method with H2Se gas and to develop a Zn-compound as 
one of Cd-free buffers by a chemical-bath deposition(CBD) method which is believed to be simple, cost-effective and applicable 
to the fablication process of large-area thin-film solar-modules.

(1) m%.m
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iai5TrfiiuT'S/c0
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^/C,
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93000. 05033
The optimum structure for obtaining high photocurrent gain in GaAs p-i-n diodes including In(x)Ga(l-x)As/GaAs strained 
multiple quantum wells is reported. To achieve high photocurrent gain for light with a wide spectrum such as sunlight, it is 
essential to consider the balance between carrier escape/recombination and photon absorption in the wells. We have 
therefore measured carrier escape as photocurrent and recombination in the wells as photoluminescence. These 
experimental results were in good agreement with the calculated carrier escape probability, and they indicate that well depth 
is optimum when x=0.2.
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120deg.C^0'400deg.CT'7x-;PLfcfc©iCO^TN P L#@C 3: 9MBU V 7 h^7E©###6jtRU/:.
p Lme©me#m=m& 514.5™ © Ar y-ift u m^ami3^&6 u/x

(3) BfOWB'dUB
^S®±(Ch5>X7TLfcEL0^Jl©PLX^7 M/|±n V 7 htfXBCJt^T^aMtoStEl'K h°-7;&<

hLs 2o©h°-^fcx7,'J 7 M/tus. ciic^ix E L OKm©#^#(:imibl±%v^<N ##1:13 
ommftt&fl UXl,'6<t%jLt>tiZ0 X^V -y hL/t2-o©h“-7©'>7 hS^b^tofcMSI^N 7x-;lySEi:tic5.-ri$l$E@ 

400deg. CjyT©7x-;PzgSTI3N E L OB##©ii(iStS<i:©flftSES-kii®E©M#«fc D 
#^m#±©m@##©#@^m5§T* a c a^w^-p/x

9300 0. 05036
(1)
ESc®E^[6]±$-ti:5fctei:N iiffl^'7 y<--y 3 y##©%#N joj;v:xMmxmic&ij-z$>;mm(D&M'(kte¥(D' ss 

&ffi©[fi]±£gi-p-CilT<,'30 4-@dbCN 2-d y $ ^ y-y 3 xcP(+) K- b° y:/t£ lo&Ed 
-3/;un>x7 HimTwmm&iTo *x

(2)
4zvl/g^fp|C(3 p Sn 250micrometer JJX 2~0.2ohm cm © FZ 7xa-'^-JUI'n -bll/#ECI3 lOOnm JP©SE-'''v y^— y 3 y 

EltS^^IX AEl:y- M&i/i 200ohm © n(+)x 5 y?l§, m@TSBt:y- Hgid 30ohm © n(++)/S*i§:l3fc0 -b;PSBCI3 
lOOnm @©®lfc#£Sd<;U ny^7 h#-LTSBmS^El^N #Eo-*;l/=iyf ? U-TtiOlbiS
m©*#Tt Voc (i 0.695Vd(±^bti*0 Voc 133777 bE$$^#S <
mE l%-&©#%©%A:a<& b N S. -E, = :®ny^^ h # -;U© h° .y 5" <!: -th-f Z&<7 J - ft LX'> l
* y- y e y 6mE^m#m-r©m^^ ^ /c„

(3 )
0.2ohm cm 3£ffif:fcIi'‘TN 250micrometer t° y 9\ Smicrometer Pi (Da y 7 7 F#—ll/©#-o'(:@i^©^%%6^ 18.22%<&#3:o

(4)gE%%$©mdt
#m##: wH:tray v n>
EM/l* : 18.22%n : AM1.5n 25deg.C
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9300 0. 05037
(1) OTftSJft

s; 20-23%sss u <. mmm

(2) m%m#
1 ) *>"<-•> 3 >

U Si/Si02 #®TE£$x.5 C 6T. + V 7©}fl&£«JU $fi/c. Mi. gm%E©®_k©f:
6©Wl%m%Ig©{8;M^&^mBT&5. /<? •> 3 >Ii0|?il5©II«l0ffiii:lif
2ST. FQMMtizMz., m{t%W$\JPr&f£-fn/5Affl 6©X* ft £ tlT & 9. A1 7 - - Vl^ttfJcMiSft 6© %#

ftiiZr-ei±B®<bEicpSS1\ ®Z«. mikm. &5Wi7^>7 r x Si:H ft6©T7Xv CVD 5g©*WBT.
^©^ft (, s 6 61 c. mm^y •><-•> 3 *>®fMb lt& d . ^sms-s-sa^ iocm/s
@K©%#fMtm-cL'5. 6##%%^t. ##&^'C,^mm®®#©^*vi/f-##%ft6^#6ft#m©
.sit,6®m=. di-<

^mmm-ecD** >; 7%am@
2) 3>f ? hTOIV^-S-ffllililJ
awfk©%6fl^7O >T< 7li. 780mV $"C"I#66Ut)4T.5im&%E©%#'C&5. Mi. ##
ftmi&O-XZte*- ; y ^KM©®%&WRf5^®T. 720mV Si8©[^SSC®E»<#btlTl, '5 K ^&li=i >7 ? hT©#^ 
##©/=&©/< v z/<- -> 3 >m&<D ism^M tiiho o

c 3) m%#* • m*
i|i^nnH si u-cows^irE^so^s^TSk si

®©MB(b&£;t5miX£ <. £ft. &&%*©*#ft/<y>/3 >g%©if-?;l/6UT tWm?6 0. SWiffl® 
vommwi&RK# < ©swm# u/cu.

(4) %%%$©ma
tlzm##: «£,iIv>V 3>

: 24.0%

93000. 05038
(1 ) fiJBfcgM

>•>* Jl'ZBf&tZ M X1 Tlift <. /<> K^-AWfiS6 ft 5 j' 'f X 2©@%f tmI,'illi. ++ V7©H 
&:&;Mqi(iiij£;h,T. ma$©&i#%m&gmT#&o 4®. ?'C?2<D^r-nm&jt)w p(+)-inAiAs/n-inP t^© 

\ InP ^t-k/|,©##6jt$M-%.

(2)
o-bVl/©mg!c-mE##*d;t-byl,©##6It#f 5 6. K> K©^S$cS deltaEc. deltaEv 

IMiME Voc <Dm-Xft&t>fttZo £ft. mmiti Jsc t>(ft-^T&D. 3%WUTlVc„

C 3) 0F9&B* - m*
WfenfcSEttJBI^tt 15%T*^tZa 4*0©y;fFTIi5#Kijhffil (AR3- h) 0##;NH-#T&^ C 6 (5#W20-30%)

5 6. s z 5„ inAiAs &#©#*. v 7m&^©-bvi/#m©#&n=j: 0
S 6 5&*6UX_5. InAlAs/InP 94~f2Voc &Cf Jsc ©WcIcW&M D.
6#5C6^#mU/:.

(4)%%%$©&& 
#m## : InAIAs/InP 
gLMJr# : 14.78%

93000. 05039 
(1)
GaAsaiBfmc&l'TBaMEE (Voc) ©#±^05t6K p-n V 7t#Af5C 6*K»5.

(2) fiWlW
MEMO C V D&^/HV'T.p-n ^/a5F®fC Al(x)Ga(l-x)As(x=0.3)©SE/-' U 7GBI@£:0~200angstrom);£'W'f*5 p(+)/nGaAs 

^7□ 7X -X-b;l/SiSUy= o ®lMf©7* h'JV/574-6'j7 h^*7feic«k DSs£U. S#ES±m6UT 
Sin/Si02©2m&l(mU/:. Voc. Isc. SEtiW© AlGaAs

( 3)
AlGaAs E)F-©itol6 61> fc Voc li^JH L. Isc l±M^Ute»5^. * ©MSiE^'TS 5 fc&b. 

jlDW©-b/H:jt^Tt»f*'%^g,%#@4T.Tl'5C6*<t)^5. -©Voc ©Wii. AlGaAs MIS S*^Ef6^*?lj-5 I®6
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( 4) £&*»$<£>&£ 
@m## : GaAs 
$LMh'4-: #21%

93000. 05040 
(1) m%Sto
dtltTK a-Si:H ^ a-SiGe:H JKt© i*fg

^UTS/Co ^&/:&C6o -SSiC Si-H2/Si-H 
Lx-eoffiMIMMS^* ^7-^05 y^A^T^W UJ: 9

U& U--;jTli, 7j<S^$i!^7°5Tv®mg©S/iM#©X^iCj: o Tx Si-H2/Si-H Jtzi^JcSffi^:ItitiiC^J'SlTS 3 C i *>&S> 
nrjoD- 7k^©g;^#mi±^f U wmm6 1 a 1 ©m&S-UTI,C©C6l±x a-Si:H ©#-S#m©%^l:lix ^/=£< t
u SG^-% (: i j: 7 > y A#^^.©#m#m UT v ^ & c s & UT v ^ . ^m^Tii c 3 © a-si m##©7K##m©^m c-o
l >Tx (ttl!®!,^t>rr UWim&IR&3.

(2) • Em
%&eTTBEU/zT/<4"X/1/- K© a-Si:H ©7K^fii SiH2/Si-H 2-3©*T=f'J

-i^Sidn^o Af-rf V - 1 K®?%■$•>■?jmit, i3z£L 7KS^7Xvm^©^SiTSEd:iiT/= U> *3R©%^
^miii5(a7>yAT$.^> cficMUT. *f =/v - 2 cmfsiRtoi- si-H2

< %^TL^o a-SiGe:H t© Si 6 H ©jS-SWtgiC-OV>Tt>HS©iS[6]»«Jdtl5=

9 3 0 0 0. 05041 
Cl) EM to
jfcE/gti:a-Si*KE%©M%IC*Ux ^hAiV^y (micro-c-Si) y-rA-fe7l/©Bfl%*fr^TV>5,

micro-c-Si £ i JltCfflW.: •> y^VHzVV##© i a-SiC bu liSMmTC-V vCfSiTt-Bo

(2)
TOWIRF^XvCVDSKfflU, micro-c-Si i JlJE£x E± 0.15Torr, SSSE 160~200deg.Cx R Fffl.j] 100- 

G40mW/cm2x //XZiiifl SiH4ZH2=3/96sccm ©H?7j<S%l?EffilK =k 9 Micrometer ©J@dTfFEU/c0 5
ICTf^Ktir-o/:#m©xmia#f && $*>/=. yy^7l/-b7l/©SEi±> glass/TCO/micro-c-Sip Jl/(a-SiC bu 

Jg)/micro-c-Si i JB/micro-c-Si n J0/A1 Effii U/c0

o)-Em
#^$©#±66$,(:x @m^m#©#n/i<m 6tl/Co £/Cx a-SiC buBommiix micro-c-Si i@©%^$©%*(=# 

•5 ii9EffimE©{ST©ffliHiiJSZ>'lilirA0-"F^|6]±f-5S$^# 6*u a-SiC bu #©###/)#%$/i/c.

9 3 0 0 0. 05042 
(1) E%Bto
dtltTiC(p m a-Si/p 9 a-C)n <tV'o /x C tT> p S3 a-SiC:H il©ftE#ft;&<[%!.?%> C UTS/c=

a-SiGerHElC&V-Tx (a-Si/a-Ge)n 6 V^ ####&## Ux TT-lVXrX^Mto©

c 2) m%ms
WFffiS37°7XvCV D&mmcm#//XT&£ SiH4 Rtf GeH4 Ux EE ON/OFF &PJ: 0E»fro /c„ #

X©E-££P/i <'/ctelCx f flf 4l0//X©#ABl:m&#A*ff c/:. (a-Si/a-Ge)rr ® J1 £ JS ffi$(Eg=1.52eV)(E@ 
d(Si)/d(Gc)=0.7/0.4nm,n=300)Sx SiH4+GeH4 ?Sir/7 x£jfi V vrEE^fi"^ /c a-SiGe:H J®(Eg=1.47eV)©7Vy->7
-j/Co

(3) EMim • Em
77y->7 hiKU^mTiix (a-Si/a-Ge)nSl^JBETlix Si-Six Ge-Ge #-S©##/)%<ISfrftTkt>x a-Si:HJ0i a-Ge:H 

Jg <h;6<:MIBE£il.TV '3 C tfcx CamSRimCx a-Ge:H J1IKJP& lnm OTSfliK SEL/c(a-Si/a-Ge)n ffijg
£JglK(Eg=1.52cV)£ i JgdfflV^/c-b7WC*jV ^TWWE%## 8.88% (lcm2)x 7.04% (5SUN, 160m,25deg.C)6Jt%&
toE)mi#<#3^TV^o

(4) E##$©mE 
#m## : 7T7I/7 7 X y V 3 y
EMJj$ : 8.88%x : lcm2

9300 0. 05043 
(1) iSF^gto
a-Si *l#Em©E±^©mm(C^ UTx f©mjj##RO:f©^<b©mE • ESUT-yx-r
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•5 -s na-si • suwastf a-si A#mm©Anm^b^#e©tom^

(2)

awjELjtfe-flis i mmc##u 4 v'o;m£ei$iriEB:tmtz-xmmzftffi-ez3 c tza
2) iaffittffttK-ot'Tfex a*L4.
3) jk^b©jjiimma3. m-d7 h©a-sii.25sunmt5SUn
|:J;66x »Jt©®MTi±jlJuai^b#^l±Jtf 16#769, ^EE©-$(C^L<, l.25sun-e©m#im©^m#-C(j:m#%A$© 
^bli^a^lwftSo coismii, ^©^KffiBBT 6sun T?liS^*Cttl'7--;l/©Sft*3^. 1.25sun TliSSiw^SCi* 
B ITU'S,
4 ) 5sun, 25deg.C ©)M#TT0M3&ib#l@(i(3g 160^760. i '-fe;UTi±iD^^b< 43ffl6l!&<*3o

( 3 ) • BE*
1) a-si -x®wiL<Dmmm!£<®mt, jbmmi:##-
b&MbTfljjW'C U4„ t©^ t fit.
2) a-si ^Kfsm©i#iwmfi##mg%©##&. 5sun ©^mm^©E#c j;^T@#im:R#^6Anm#-fbm%i=&(,'-c. 
)mmmm-Mm%m$KR\$twmw 3^1= U4„

9300 0. 0 5 0 4 4
(1) mizm

21 urmstir^sAraiiiKi-ot,'

(2)
1) *.®mmmm, @%

U!#©;wm©&&m(a 19 9 4wi 9 s 5ip0%3 #© 6 9Mwi:%u. 7. 6mw-c63,
2) i|i%A>v 3%wm

< imeam#©^&w u
3)

i|i&«FntUb^EM<lWBTIi^£3;K (M547 + X h&4^77 *C SiSnx h©{SiS*<0ti
S o
4 ) 7t/l/7 7 X •> D 3

&c isnxHb^wcs^, 44'u ft&tbawu t©ma*%©4&
©W5£Mtt$tiT0'^o 
5) {bd####*###

G a A s •f31 n P4<!f©ib^^^Arai6l±i§lffiTI±*-5/!)«$T'*-50 UTIi, AB%t v^ -;V©$i!fF7°D-b
x©M%, am##©%#4 ^wstiSo

(3) • am
(HAa%iaHj-4A®,-jfc%m->X7A©{£nx Hb#aa^fl-3C*6. ck Ui53

x h a##?# a 71 n, 7 7 ^©^#ftm#©B^^%$m©Bm*M#-e7=-!fv >ai:@^4m

93000.05045 
(1 )

l|iSii!Ji y V n >A^mB©SBmWj$©[6j±icJ:3H2mb£B 6t)<?: L"U #a#K6&B%@6©l@IU StE<fc 0 t>'<> K 
f f 4=-v V7^M-©El«nnfl•> V 3yE£SaK;U yj 3>E6?o-^-Y (PP+) <D^f-a%&£

Bin. c©#m^m&#©^m^t u7®w&&®m\K%}&i)<&z,z<h&s U4 
k 4-tgx v 3 98f&#$©isi±&i8a.

(2) BF%m#
&E'\Tb$&-b;l/©timhi\ P lM©£:)fcB£T? Xf + -Me UT PN #-^^Ba% U, N+#mBI=l±mfb/< V 5"<- ■> 

3 yE-hT^XviHb-T V 3 >jlR©BW#lt#&m& UTU6. 7 Ti/Pd/Ag ©3Ji©m@^S
/jKltu^o mmm±m\^\tztvX-7 cvd mx p+s®^ni->u 3>E^s-fb-> v 3>e*sj$;Us ai ©E^ma^saKur 

S£BA.7Pjg-6-b;l/|iitSn,®T, C©%*(i. SeSBitifE©^^ V 7©S
WAl1*^3 <t. P S-> V 3 >SE<biW^ffi4 P+m%#&^ V 3 >E

4o-/w (pp+) K^*w$nsiB®^j*^ini±b. v3>E©mmm&
u/:#*, •> v 3 >amB^g,#1-4%#^^ u 3 fix^a c 3.

(3) • am
J: 0 $»/<> Ff + V78a©m,'%#&:/ V 3 >E&x3&gmBC^L/:a@Bo-/W^irci%'a-#mi±.

.^iriKE^^^.Siid3 ©dw^-es. 0, B±g#3©i=a^<&3. v 3
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? cmmm21.4% (5cm a> j qazrus) *
#/=.

(4 > m&#$©m%
#m##:3 7 
K#%0$ : 21.4%, &f|:: 5cm A

9 3 0 0 0. 05046
(1) m%m

%mR*Am)mmtm©f-y<-xim-mt lx, {mwr&mmmmvm&mm lx
tfcc 1 9 9 4#C:W&Bm#0%lS]:&&66tt0T6a.

(2) • dUR
*raifcv->y>y Mom^ xmmm.i'XT-^AcDWjfa, AK®%y -*- - - B#ar©m#. mft-

na&soss * if&m& ut.
*^TEfi!i-7->y.y F©m'-m. «, #mAm, AK®%mm#C3t^rm&UA. &mm?&
i/Xv"A4SASi-'yrii, i!i^a©i9A
SifiJ^rjSlyfco -fe;i/U-<;K U^bfc7x-;l/©K##$©m#l:-oc'T
miz>0 MM!%*©#rmaETii. imwfGA&iiKiiik A&s-mx-if-©Ms*M^fc. ff-tfwrc
id\ Am®mMai#M©m# c-ot \-cms u A.

9300 0. 05047
(1) mum
/7Xf -y ? 7 4 ;i/A&&±ca%$©a9JM&wi/;&&g#m< 7 -f ;I/A©|R#(:J:

ic<tx Roll-to-Roll EET^-feX^iz F- X 7/<-C6(=«k%x^Vx##©{&T6U?[HIM
^-KSc/iy i>5o Z.(Dtzl6^ t£?lS£JlfeofcS C A F(Series-Connection through Apertures formed on Film)#ia© a-Si 

Ammmtx Ax? ctiamLfc««oioffl»s«©Miff,-ct'5„

(2 > msm#
scaFfsiia-si77^;i/A3g#/Amm@®/a-si(n-i.P)®/m%®@® 

jf-^fc-9-yx H/- FMA#®mT&0x yx -y ^ 7 4 vuAicEtj-fcHsa^J: d rt '3= c©#m©*m
trj:D> / ^ - - 7/%#©A'l's^mmk6mst'

mtftZo x-r-y tfy^D-yvgEii, %*©Roii-to-Roii
E<£-s«is<hUTt^K x % >x-m(=ag@KK^ o v >y^-vw:«ko.

c 6 *<?#%.

(3) 0F3£S^ • am
a-vi/yotxicamwm^yxxf y^7<i vta-sia„ scaF#m©a-si*#

fc. F- I:>y/fx©f X XT7 l:>^o-VPgm&©M%ICj:0j8%U'CU5. 40cmx40cm 4171/-
A6f 6 S C A F#m a-Si 980cm2 © 7 0 S^HzvWC&tvt 7.2%©^*®EUTt^= ttz, £$#$7
x A<-4ft§xfy My?u- vi/j$SgEE©M% t> BM? IzCfc 9, LTl 'S C 6&%E UA.

(4) mmimomis,
#m## : 7^1/77X7 V 37 
gc##$ : 7.2%

9300 0. 05048
(1) OT52SW

a-Si/a-Si “®7 7xA#m&#-3^fbm©##^lt#Kligt^7x-;F|:-3# 4#iaR±(:&^7 4 -Vl/
fax F&^mu. m#T©%mm©8;#f&mx\ $AE^©%0fT©c ©t 7 x -vi/©%mimt?mf

(2) sms
1) 19 9 Offri'teK a-Si/a-Si Z® ^ 7x A#l@1h7't7 x - VF (I200cm2)&4%m^TN EDOf 4"Xt7x- ;F(40xl20cm) 
&m$LLibSTF. #mmTP#T7 4-;l/FxX F4:Blj-Tt'50
2) a-si Ammmt 7 a-vF©m^.#s®##& pmax riiti <aD 1 * a iBH=9M=f&J## wP $>ad ©%%a Eem
*jnt 'T^n^ uAo - ®&3kfrL, mA@^©^im#m®Am^®f LA.
3) mi:fm©m?T©t7 a.-;i/©#6®#m<4?#if 6A&C, m^m-c©m##$i=Em©#^©Mm&e^E%L/:#E
#m&#^6C6lcj;i). f£S©WrT-© 1 * 1̂ ^6LA. A#®mt7x-w©m
mztimMt lx, amx<7 Fvi,©^^ A#^mm©#m© s gmcj; 6####& g,© r-rnj »<
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(3
a-Si/a-Si —'yrASita-SiAlWllP&y x 4^^©g^y4 -7VK7X H:j:36x

1) tmmrn, a-s; y=- ;i/©m^ B 4 fpim-hctt uxu 3.
2) %fellijj\t, HutS40cmxl20cmONEDOf--l'X©*i?i-;l/-elt)35WT'4>i3N d Wit y ^. -7%R±l:$m75.
3 ) d©ty x -Jls(D 1 1.52kWh/Wp "C&Ox# 55m2 OlSlCCOtya-^StlofeS d iiC i
f) x <PB0 4,500kWh ©mE#iMBT&3.

9300 0. 05049 
(1)
##%#©%'? >T 3 71 ;U7 r x y U n y*#%i&©B8%(:6*:0x IsJSt-^&yCy K¥+ -y TiaEleBU-

a-SiGc:H E©iE.K$Pfbl±x ffi@tim!$E*e£>3o d©/c&,

(2)
ADHTfu M/7K&-77x-?mmo&umm) b. a.siGe:H m&m

/iK1"3d<b*<TS3o a-SiGe:H EeiEnWbt-Sfc^Tx T°7Xv^(C*;lt37j<S©%5b^ffll$iJ-t3d #6ft3E0$g(6] 
3 d 6A'^x a-SiGe:H m&B^3/=A© SiH4-GeH4 ■?? X-7id*;lj-3fS3fe©^#ti#btl3ES©^#td-ol,>T 

7M;B©S^frJ:3 SifI4-GeH4 X^X^fT©*^©^ (Ha) fcitfGeHx SiH ©5§)fc3£i££iE£ U tKS
i)iciii©{0;Tiifcl-x ^*5SEJ-t Ha/SiHx GeH/SiH ^aMTLTt^d £fi<ftfr-,iz0 %3t;3£ffiJi;£/J'>£ <-f 3&ffTTi& 
E^T-5 d ild J; o, %#%/<> Kf f V X©E/Nb<i:)!M©|6j±»<toS2$^x d©J$B&£D L E& (Deposition of Low 
Emission) Ltz0 ADHTfe D L EfefCj:^,T^UfcE©)K;®iti7K^^ri*x 7jt^#S?^JE&idJ;3E©'&tl<!:
Wf36x t '-fit t> iiB 'ffiT & 3 d £ L/c„ ^ 6l:dfi3(dj:-,T#^E^ i #KW73y yX7Pt7l/&m%Lx f©%
BWiOiL/Co

( 3 ) Of##* •
a-SiGe:H ©K^m©/:&Cx 3 A D H T&&#D L Ej&*M%Lx iEt'3fc®®£Wlh3B£SJ&ir 3 d £ifj<T

%tZo d ft 6©EE WcJ;X)mU/cE©7j<SS'6-^E5:^SU GeLTt'3d ^'Ig&bftfco # 
6ft/:#&gt\ y y X7l/t7l/*K%%©BJ&^( \ )b#K)/<y Kf+ vXl.467eV ft&t'Tx 8.2%3171/&
|i}3dimfco

(4) EMj^©SE
: 7^71/7 r X y V 3 y

9300 0. 05050 
(1)
f y y+4" ysM©-#6 LTx ng%6 o#-ng%6 3 V4" y/<-^R%©7 x -X1 £ uxmmja& h ? y

a####©PV4*y/<-^©M%x ?E7t#-?E5#|:B7x-X2£UTx y/<-^0N%^4rc
it0 Mi d ft 6 ©smtm'Tx K5ih7yx4«ifcx h7yxyx^©? V4" y/<-f ©Ba9&&frcX(,'3. dd-eiix7*-xi, 7x-X2©s)if{x Rwjtfmm*® h7yxyx^©ea%yiz5Etc-7i,'Tigs-'730
(2)

p v-y y/<-x#M^##ei±x Mii->xfA<i:Lt©» ffinx h • /j'M-fbx mmetkx
6ft3. 7 X - X 1 -CtiiSJflJM b 7 yx^tiiffl U/c 3kW m©P V4" y/<-7©#f#mxK#Wc*ix 3XK A#@x @Sx 
m\wmomm&Tm<Dm&frWb>fr£tefc0 7x-X2m igja&b^yx&^muyi: 3kw m©p v<y/<-f ©*:# 

h^yx^vT^ h7P#©%#(:j;Dg##&mmL^. uxitx h^yxpxj^t^yA-^ 
-i=BiKw;^a;©jtK#M%Mx &(7mm^%iMi%mR#©#m#m&x #$x 3% p©/<? y^^/x y/<-7 6##mm 
©BrmW'6>ft3o h7yxUX4'y/<-^tix cfct){6iiE^sm7d6»ti3= d©^©R#m@Bx 
3%%#/\©m%^©%WK±x ummm©gmx m^m##©%&R±x ##3m^%mm±-Cx d©&#
liflWI^-y/Co

(3) urn#* • rm
#A&^mp v4-y/<-^©gmitx aia&m&x h^yxyxtm^ 4"y/<-f%$x ^&x @Sx =jxp

#$x ®fl©@(#^SIix 7x-Xltx #$ 92.5% (100% iti*) 89.0% (25%ffi*) x 4' 7^<-XS 27.5kgx 
7x-X2Tx 93.6% (I00%{li*) 93.0% (25%ffi*) x 4' yA-^S 17kgx hvyxUXTx 95.2% 0S%#) x 4"y/<- 
7# 17kg
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(1) mm®
mmamjmme) n x h u < iw < x 3—?©ma6%cxu3. ^©sb*iis-73o

(2) li/M* •
i) ®*%®yx7A©aE3S*x R-#m*B$x 7/ vx?x 4"f;xi=mKL-cu
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ZWVtmtZx!:, B 639 T'R/kW T. 7/ 4 *7 li*© 0.45. 4¥')Xte0.30tU^Xl'2>o 3XM&g©£/t5
s$Hd\ mam) x&5.
2) jstEjait*M s-s#. $x-x.xi±.
24%. T> V 39%. -Yf J XA<35%6#i&gilTU6. %fI£3X b©frlST'li—# 24% t L/c.
3) JK±©I3*'. EilritiM. A$J. Bffi^a©iS(r'*ffl3lL'rSHW-4i, JS«3X Hi B* 40.2 R/kWh. 7y V * 8.8 RZ 
kWh. -ff VX. 13.1 FJZkWh ifcofc.
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(1) Bf%B#
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(2) sro#
X5 Xv&M&^&t, 'TW&X5 X-? ZHmt LTliT - ?aM8H5SE (DC) &.

(r f) &. 7—9mm.jk.nmMl/cdc-rf/m'xv -y k&©sc©3mmt-oiy v 3 y 
%f©^#m#^-p/=. satss^e.. W#m©@A&6RFX5X^RtfDC-RFa47-'J7 FX5X?&X 5X?^©^ 
fiGiL/t. 6 LT©®.#>6©WiTli. ###Xy- KOiSSfiffiy V 3 bTE^fK® L#44=1R
o a & fi%;m%©ma&[m©gw&4T-, /=. #44=ii pe. cr. cu. ai #©Amzm#a#-m+ ppm mmmx uts o . 
itMMturii^-Bra *>©-?£>fc„ sm#a©#@t%@LmR##&z&&#. dc h-^-ci 
•f. R FX5 X?0»© b -f-tiiJSi L/c.

(3) Bf%#m•am
m##yv3l. 5 vy-Hi/d--y-©%m©0#ayv3>#<&

#6 c tiM) Ltco -f7x-?rm-s v n >*B-®?i!itcTEew io.o%^mau. x 5 y •; 3 y
M'f^Xn-fcrxdMffl nJfi6T'&5 C t £!PJJ Life.

(4) ^mo$©ma
turn## : ^uBuv U 3y
g2##$ : 10.0%
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CD BFIEgffr

1 9 9 5^3 J3 1 8 B(=#f m^tyf ^3H- 1 1 nX-y b 3 W=£ 9fi"5±lf • M7 V - S
U Fffl37ty^Xf A® l3Tfe«iSIt7'i/Xf A (EPS) doHT. }T^±(f^t>-tl^X©T-yy b'J-r-9 (/<%
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This investigation has found that inverse Staebler-Wronski effect in p-type a-Si:H can be reasonably explained by the dopant 
activation of boron with light-soaking via hydrogen motion.

(1) Bf%BK)
p 32 a-Si:H ©Z Staebler-Wronski 5 ©6 .

(2) Bros
7}-:d y K-X (p 32) a-Si:H i=fcli5Z Staebler-Wronski l%m©##(=-3UT. 7^1=^5 411^3 y©/<y ’X 3 y 

t a-Si:H ©$ v b 9 - 7 4"X©7k#©#m&X-x(= L/ctf 71/&M4 L.#7-- V yX6*m#l=#9 AX©%m^C ©t?= 
7V-c-S-Sft9i=ISiy]-e# 5 c i*iS L/c.

Z Staebler-Wronski %fjmiiSEi=Sadtl/c®fb®t=J;5*-7V©SEE©Efbl=J:5^1"5|gS»<S*l=S^/=/:Sl>. **3 
y K-Xa-Si:H ©±l=yy K-Xa-Si:H &l^aL/cXyX7l/(Ci,tfc.

(3) Bf^m • am
1) y K-Xa-Si:H (=fct^TiiZStaebler-Wronski LtitV yX7W=fc
C'TJtlxfBffizaoBT-- V yXK^T^gJg/itfny^T^-trX:?- (4Etitd<3 y) j: LT$Sfb1-5/c^/c jr^x.btl5.
2 ) Z Staebler-Wronski #mii* -7l/©#%Jg 6 li#H#l=iSC 5 C 6
3) 7kS!%©1MW<Z Staebler-Wronski 0. C©®«t=l±7kS-S$/c(i7kS©y.vE/)<XS < [Hlfr-pT
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(1 ) li/Bmti

19 9 4 o.oookw t\ 1: % 1, \ zcommv—oft
h^fwi-6jt%UTgu<ie;uc6i=*66#t)fi6. w©a^®nx bcoi,^©gmc-ot
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(2) w%m#
E*5SfEPg#©%fEnx b©It#icffl|®fi5(^l,' btiTC 'a$t;£{sll^ T. 5 -o©^- X dot'THIS Ufco -

X|i> Bf 2% 5*11^

(3) ' #*
%%3XMi, swm40M/kWh, (WiTHA 10M/kWh0, B*(ijW4©%4@T$a. LfrU 3SSn Hffl

Mir, &Ws mum^x^zo-c, %*/:im/:©-et±^©m0^n4#df bft^ mit
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T66.
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The New Energy and Industrial Technology Development Organization (NEDO) and the Ministry of Fuel and Energy of 
Mongolia (MFE) have agreed to undertake the "Demonstrative Research and Development on the Photovoltaic Power 
Generation System." Kyocera Corp. has been entrusted with the execution of the Project. The purpose of development is to 
conduct a demonstrative research project in Mongolia for improving a movable photovoltaic power generation system 
including peripheral equipment such as storage batteries and inverters, in terms of compactness, portability and reliability. 
The achievements of this project will also suggest an idea to improve the living conditions in desert areas.

(1) w%m
Ay-rV-x -l' - 7 ©/SI 2®E£-£t?$wJIMfiirlit7 x f-A ©/JWS-fb^ iIffift©Gj±£BSfc»* t7=f

MIdfcc

(2) W%AS
*7=ona©«^ ttaniHWu tssxf-v^ mag© y-co. s

*fju h) ©mibi^d^f <%t\ 2Mj&7x^AE:ri-©dW > h±, ^«fa-t©*:j67x
rA©JL-7 bib, 45-aiy b©/Mfb • @£Hb • #f#©(m%fb. jl-» brnmmt# • BS • ^x-rASiSoffflBlfb
KEl'fco *I»milfc©W*{±N
AC220V t LXlHj]£tlZ>0 2 *0fC&jfi;Stu W4M B#fflli»V<£ D El OTt . i'XfAKf-^J:
D, * BB f 6 fb#d% b %t'@&t ^C L/c.

ft'Mil > & © k £> -? left, if© 7XTA f> B £it7 @l:%m@±m<#ir#-5#|ql(c6a.

(3)
;*«»7XxA|;j\ I36X,^> 7X 7 V -T-lROA*d f 0mRT#3C6*gs5E3flt.
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mmu-mtjzWimmx s? a - ;u© raa

At present, the cost of photovoltaic generation is distinctly expensive compared with conventional power generation methods. 
In order to promote the installation of PV systems, it is important to reduce the cost of the photovoltaic modules. For 
reduction of the cost, integration of photovoltaic modules with roofing materials is one of the most promising methods. 
Therefore, we will attempt to produce these modules for wooden houses and have started our -development program supported 
by NEDO in the last quarter of FY1993.

(1) mftm
*##%%% 7 X f A©-jBGs&\©#&& B m UT-J00 3 X b y* 7 = -

fa. v£%oyjL~imt\mts.t), Ama/<;wi/&mm±#d#Bf acmm u-ewa. - m#
#1: UTx a Ctt btZo £ftdJ:») *»««&* IW

J: snac^d^a.

(2) turns
ou fif-r mxn, mmm&Lx, t

7»-;M0li 910mm dlEtl/XA Jt £ # I&1 dEStiSif dtk z.-)V<DWm$, B® f IfcSlS#©^^V*.-»£■, tryA
?=v*.-)\'<D2WM\t Ltz0 giq&e 7 a. - if a -;i/©f 7/<a^i=-3t
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(3) • eb

^ 7 a LTt, ^ C ££mw L/c. C©#*&&6(:, “
&SWL/c^v^-vl/2 3%&#%©#&(=##LT^iMt^ilflteL/c.
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(i) m%8%

(2) 0OTS
*rai!i • a, *###©##, |gtii->xfA,
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(i) m%.m

Si(S0G-Si)iC-i-WStl-5 P, AL Ca O.lmass ppm C #K, Mb Si *'
3 c ft GI:(±, rSJglck 6K-£zS@£, m-7-hf- D, P
i^S'S»WT'6,l), mEf-AMfe (Si : % 50g) -Cii 3~6massppm £TB*/>''I8&£ ftT t,' 3.
Si $#/=#-&<&%?t:-ABM&C«%S±K?m%0^*K:-3^T. SOG-Si U^UtT?© P LT#I%
L/c.

(2) sms
r|jM©^ffiSi <&*^m3c(ai=#AU. tc - AlCj; DSJWL/c. Si ©#W<^Tf 6^?%^ Ic-A©m±&#*l=# 

/Jll£-ti-/c&, m-7-fcf-AitiA 20-100kW, SEME* 5.GxlO**(-3)~1.3xlO**(-l)Pa ©^#T\ 0~90min SSFL/c. E/S©&#
vrm&, mm si LT^c# u/c.

( 3 ) • E*
Si mmR 1.2kg T(i P zSffitiS^D$rS0E®<!: j: i> tCzg^ U mE-t"-Ai±i* 30kW, 60min Tii 0.9massppm fV

WL'P L/c. &/C, P ©BfeiMJtE-T-H-Am±©#nc#t,#/JU L/c. £btC,Si ft* 3.5kg, fEEh'-AW* lOOkW t? GOmin 
SffFL/cgiB, PSffili«©^iHSffi©0.5mass ppm fC«T§/c0 LfrL, £ biCfiB5Iiy;§@LTt, P AWt^fS 
faliSbft/Lti'y/:.
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Polycrystalline Cu(In(l-x)Ga(x))3 Se5 thin films were prepared by four source evaporation with controlling and shielding of 
the molecular beams from elemental sources. Ga content, x, can be controlled by deposition times of CuIn3Se5 and 
CuGa3Sc5 layers, which form Cu(In(l-x)Ga(x))3 Se5 films through the interdiffusion. X-ray diffraction analyses showed that 
the film with x>0.5 have a zincblend structure. The optical band gap of the films linearly increased from 1.23 eV (x=0) to 1.85 
eV (x=l) with increasing the Ga content. The conductivity of the films was about 10**(-6)/ohm-cm and about 10**(-7)/ohm- 
cm under and above x=0.3, respectively.

(1) EBB65
PVD (MMSO TSEL/c CuInSe2 JKfflgffllCii CuIn3Se5 E*<S6 LAM/66 LT©##l:m@^%#*BA: LTt' 

. C© Cu(In,Ga)3Se5C©#©#&%, .fctf Cu(In,Ga)Se2
Ga x=Ga/(ln+Ga)©M#^m92f6a

(2) Kims
V y t <k D Cu(InGa)3Se5 L/C. C © Gu(InGa)3Se5 HJlifi CuIn3Se5E

t CuGa3Sc5 5 C <!: I: j; 9 /BE L/c.
*Eltli, cc$X m^flr(EDX)XmE9f (XRD)I:J: 9 zH'lS L/C. WHi

L, Kf + y ^(±7 * b y^.^Vl/f-(hv)©Wm6 LT(alpha-hv)**2 £7°d y h LT#Wc. E
y^D- 7'6 van der Pauw &|Cj: D tffl/S L/c.

(3) m%*a# • es
i) fflEEi»j^/)^ Ga i in m©#y+ yf-©Bmm#m=j;!) Ga Ltmwc#setL/c.

2 ) XmiBEr/)^ Ga x=Ga/(In+Ga)©#n(C#t^E^m/i<-#(:M^LTU3 C /c.
3) lylffrt° - 7 />' S x=0.5^xJKTTi±E*,?H(^ C,!:#&&-,/=.
A ) Kf + y 7°li, Ga x ©#JHC#t^x=0 T© 1.23eV ^6 x=l T© 1.85eV C#U L/c.
5 ) van der Pauw x<0.3 ©ETI^fEW^ 10**(-6) /ohm-cm 6/C5 n L/C. L, x>=0.3
T'l&mmt® 10**(-7)ohm cm itt 0 , iSffiK©/cAE#By /c.
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The Space flyer unit (SFU) was launched by H-II-third on March 18, 1995 from Tanegasima space center. A lot of missions 
will be performed in-orbit for several months. After the missions, the SFU will be retrieved by Space Shuttle. The SFU is the
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first, retrieval type space vehicle in Japan. In the SFU project, Toshiba has contracted the Electrical power subsystem (EPS). 
This type of EPS will be a basic model of a future space vehicle. In this paper, the feature of the SFU and the Electrical power 
subsystem is introduced, and the on-orbital data evalutalion is described.

(1)
i' mi 7 y-7^+ sfu ©m#c?"i^m*f7'yxT A© ? ^©mmm-y-7'y xf

%>o

(2)
1996 ^ 3 18 H. • toW7 'J -77 SFU H-2 of -y b 3 S7>7 - Jt D

SFU (± H-2 pf-y bA'&ttWStifclfe-. Sic* J3RDici® D tfSilSMt,^g©x^-x-7* Ml/fcigiRiStU&JbCK
a 0jwa®iwa±iaiRa©?ffiia-c*s„ m%iisFu
,i8:,i|--m^T-yTS^o c7 X 7 A © UtiS <h t> !) # a *> ©T* a . CCTI±. SFU®iE»7' 
i/x7A^^fa6#c. u'Ru'Sjiwii/n7 -> x 7A©#m±7-7&a.

(3) m%&sk •
SFU ©m®%-tb7'-7XTA (EPS:Electrical Power Subsystem) li SAP (Solar Array Paddle) &6©%&%± (% 3KW) £

wpu &im m i.4kw) ^eu mn$c#mtfa. sap6©%m±©#6^t#«m. #sa
fa. iniv7-rAiifr*,±tfih-r, ^ < ##u%.
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An extremely high electron mobility of 808 cm2/Vs has been achieved in a polycrystalline silicon (poly-Si) thin film prepared 
by a solid phase crystallization (SPG) method. Using this SPG method, the world's highest coversion efficiency of 8.5% has 
also been obtained in poly-Si solar cells fabricated by low-temperature crystal growth of less than 600 deg.C.

(i) mmm
p © ft 8irsa-mm.mm&smt a=

(2)
S ©#&-?& a T*;1/7tX’>'J 3>«£. 6 0 0 deg.C JgTF©f&i&T7--vi/f a c c

T> mtin'Mttzmi-e&Zo zeomsts U%/<- 7+vl/ K- If ta-RUt0#^g&)
•? T> 7 7 K-fTtVl/7 yX7V 3 7 V 3 7##©^%^$^^ X£ ©M^HSf a C i K J: T . 7 7

K-f©7t/l/7yXi/V 3>#&#aibf a.

(3) • j&m
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(4) g2m&$©mK 
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(1) filingfti
2-T’p/V -yi/X7-f? biti/H:- bf77 (CHP) ©Sfflfimr&tvm. ffibjcSSSe-fb$*i6]±d-ti:a

ztt, Z/XfAi4©%@a-IR^xfA©@%.*;i/f-fbA<mBT*a. *#%T(iK**m6#t&a6^7x7Ai=jsuT
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The microstructures of CuInSe2 (CIS) and Cu(In,Ga)Se2 (GIGS) thin film solar cells with ITO/ZnO/CdS/CIS(CIGS)/Mo/glass 
structures were studied by cross-sectional high resolution transmission electron microscope (HRTEM). The growth defects 
such as twin, stacking fault and intergrowth phase in the CIS or GIGS absorber layer were studied in detail. The 
crystallographic relationship among ZnO, CdS and CIS(CIGS) layers was also studied. Polycrystalline CIS and GIGS films 
were deposited by a multi-source physical vapor deposition and CdS layer was deposited by chemical bath deposition. ZnO and 
ITO layers were deposited by RF-magnetron sputtering. The CIS solar cell showed an efficiencies of 10%. The GIGS cell with 
an absorber layer deposited by "bi-layer process" showed an efficiencies of 13.0% and the cell with absorber layer deposited by 
"three stage process" with composition monitor system showed an efficiencies of 15.4%. The performance of CIS and GIGS 
solar cell are discussed on the basis of their microstructures.

(1) flf3EBtt
cis gigs u fikmmt-Mmwm&n

*=

(2) ems
ITO/ZnO/CdS/CIS(CIGS)/Mo/glass#m&#-3 CuInSe2 (CIS) 6 Cu(In,Ga)Se2 (CIGS)©%B^KB%#-kVl/@%##i@&BriR&

mmm(HRTEM)icj; o*®jrjs-c*s cis ttat gigs m^tswesi&u cds mm'c^Vx&tk
-vmbtio

(3)
CIS 10.5%©x6$5-7FUfco d©CISJi{C|±0.5-1.0micron^--^-©^Hsa^Bb^

Utz Mo JBiE®© CIS SKIi/l'S*#-* F^Bbnfc, "bi-layer 7n-t?X"{: J; Lfc3fc©JKJB£8^ GIGS 
js.mmk-tMt i3.o%©e^x/j*^75uc„ -©ciGsis+^ii-t'-Y aps\mtAji£^nu^0
XxA^C'three stage :/p-ferX"(:J; 0f&E Lfc3fc«JRJi*J#o GIGS 15.4 %£S btza

(4)
: glass/Mo/Cu(In,Ga)Se2/CdS/ZnO/ITO/MgF2 
: 15.4%, : 0.98cm2, AM1.5
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A new optimum design, in which the actual daily spectral data under outdoor conditions over a year were considered, was 
developed for the integrated tandem-type a-Si solar cell submodule with a structure of GlassVTCO/a-Si:H(pinpin)/Metal. It was
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found by this design that the optimum cell number connected in series, at which maximum total annual output power was 
obtained, was small compared with that by the conventional optimum design under standard conditions (AM-1.5, 100 
mW/em2). It was also found that, when light-induced degradation was considered, the thickness of the i-layer for the second 
pin cell was thinner than that by the conventional optimum design.
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Since 1986, Toshiba has conducted research and developments on utility interactive inverters for residential PV systems as a 
part of "New Sunshine Project". In the R&D, we have concentrated on developing compact, highly efficient and cost effective 
PV inverters which are connected to the utility grid. We have finished R&Ds called phase I and II, and now in phase III. These 
R&D programs arc supported by New Energy and Industrial Technology Development Organization (NEDO). In 1994, a 
governmental support for residential PV systems began, aiming at wide dissemination of PV systems. Today, achievements in 
the R&D are playing important roles in the PV field.
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Solar thermal energy has not been directly applied to industrial use due to low energy density and the uncertainty of solar 
energy. To solve these problems a new solar thermal energy system combined with a chemical heat pump was proposed. The 
chemical heat pump to be investigated in this system utilizes a reversible reaction couple of 2-propanol 
dehydrogenation/acetone hydrogenation. A demonstration of this chemical heat pump using a pilot plant has been successfully 
conducted. This heat pump generated the steam at the temperature between 423K and 473K from the hot water at the 
temperature between 353K and 3G8K. Both the capability of heat storage and heat transfer are characteristics in this 
chemical heat pump. Solar energy is more effectively utilized by the proposed solar energy system.
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For efficiency improvement in polycrystalline silicon solar cells, reduction of surface reflectance and formation of shallow 
junction were investigated. A record high conversion efficiency of 17.2% was achieved for a 10x 10cm2 polycrystalline silicon 
solar cell.
For the reduction of solar cell cost, it is necessary to develop the basic technologies for large scale mass production based on 
the technologies for high conversion efficiency. Simultaneous firing of both front side and backside printed electrodes was 
investigated. The same cell performances were obtained through the simultaneous firing process which was displaced former
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separate firing process. Even in the case that belt, speed was 2000mm/min, almost the same cell performance were obtained. 
As a result, the process time of electrode formation was shortened remarkably.
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The optimum structure for obtaining high photocurrent gain in GaAs p-i-n diodes including In(x)Ga(l-x)As/GaAs strained 
multiple quantum wells is reported. To achieve high photocurrent gain for light with a wide spectrum such as sunlight, it is 
essential to consider the balance between carrier escape/recombination and photon absorption in the wells. We have therefore 
measured carrier escape probability as photocurrent and recombination probability in the wells as photoluminescence, 
respectively. These experimental results were in good agreement with the calculated carrier escape probability, and they 
indicate that well depth is optimum when In content is x=0.2.
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Introduction of a Ga layer on an HP-treated Si substrate and its effect on the generation and behavior of dislocations in the 
over-grown GaAs layers are studied. There are no phases except for the crystal phase and many dislocations are observed in 
the lattice image at the GaAs/Si interface, although an amorphous Ga layer on the hydrogen-terminated Si is observed by 
RHEED before the growth of GaAs layer. In spite of the high dislocation density at the GaAs/Si interface, the dislocation 
density at the GaAs surface is the same as that of conventional structures. This indicates that initial growth condition may 
control the formation of dislocations.
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An amorphous silicon solar cell fabricated on a plastic film substrate has been studied. The solar cell has a new monolithic 
series-connected structure named "SCAF" and was fabricated by a newly developed fabrication process based on "Stepping- 
Roll" film deposition system. The details of the new process are presented and advantage of that is discussed. To fabricate the 
SCAF solar cells, we started developing a prototype line and obtained preliminary results for small and large-area SCAF solar 
cells. Application of the SCAF solar cells to building material integrated PV modules is also presented.
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This paper presents a new refrigerator system to generate refrigeration heat below -20 deg.C and a coefficient of performance 
(COP) over 0.4 by using driving heat in the vicinity of 150 deg.C which can be supplied by solar collectors. The performance of 
the system was achieved mainly by development of a quarternary La-Y-Ni-Mn alloy with appropriate performance in the 
vicinity of -20 deg.C with regard to both equilibrium and kinetic characteristics for generating refrigeration heat.
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A long-term cycle test for up to 30000 cycles and two series of cycle tests under different cycle conditions were performed on a 
La0.8Y0.2Ni4.8Mn0.2 alloy developed for a heat pump. The alloy kept 61% of the initial hydrogen capacity after 30000 cycles. 
A degradation model was checked with experimental results and showed a good agreement. Influence of temperature and 
pressure difference on degradation was also investigated to estimate degradation rate of alloy under actual operating 
condition in the heal pump, and the alloy was concluded to have enough durability for practical use in application systems.
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SFU, launched by PI-2 on March 1995, has the first flexible solar arrays developed in Japan. SFU solar arrays were 
successfully deployed, and have generated electrical power as predicted. Authors present the solar array's flight data such as 
deployment time, power generation, and on-orbit structural dynamics.
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In order to investigate the influence of surface potential on the electric characteristics of solar cells, the characteristics of 
conventional cells and back-contact type high-efficiency silicon cells were analyzed using 2-dimensional numerical simulation, 
varying the surface electrical potential. The locations where surface electrical potential is controlled are the rear side in 
conventional cells and the front side in back-contact cells. As a result of the calculations, it was found that field-effect surface 
passivation yields cells characteristics equivalent to those of a cell with effective surface recombination velocity of 0 cm/s, even 
if the cell has a poor Si/Si02 interface (i.e. Dit > 1.0 x 10**11 cm(-2)eV(-l)). It was also found that both the use of a higher 
resistivity wafer and — especially in p-type substrates — the formation of inversion layers causes the field-effect surface 
passivation to work the fullest effect. In addition, a computer simulation based on physical-parameter measurements taken 
from act ual materials forecasts that a back-contact cell would realistically be able to exceed 25% efficiency under AMI.5 global, 
one-sun illumination.
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At the research and development of solar cells for terrestrial use, it is important to obtain lower cost as well as high efficiency 
and high reliability. SHARP has developed various high efficiency solar cell, such as single-crystalline silicon, poly-crystalline 
silicon and amorphous silicon type.
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As a part of the New Sunshine Project, Mitsubishi Electric has been developing a hybrid power generation system which uses 
solar arrays as a main power source and a diesel generator as an auxiliary power source, in cooperation with Okinawa Electric >■ 
Power Company Inc, under a commission from NEDO (the New Energy and Industrial Technology Development 
Organization). In fine weather, the system supplies power by photovoltaic power generation. If cloudy or rainy weather 
continues, batteries lack the energy to fulfill the load demands and power is supplied by a diesel generator.
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JQA enforces long term exposure test of various PV modules in Japan. We apply an irradiation correction and temperature 
correction for the data that we measure automatically at sites and observed that temperature characteristics may change with 
S-W effect. This paper shows experimental study about their relationship on a-Si cell.
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Stabilized efficiencies of 3.3% for an a-SiGe single-junction solar cell (area: lcm2) under red light (AM-1.5, Iambda>650nm) 
and 10.6% for an a-Si/a-SiGe tandem solar cell (area: lcm2) were achieved by optimizing the composition of the germanium 
content and hydrogen content of a-SiGe:H i layers. These are the world's highest values for lcm2 or larger size cells.
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A new production process of solar-grade silicon (SOG-Si) is proposed here, to be applied for small SOG-Si market. This 
SOG-Si is made from high purity commercial metallic grade silicon (MG-Si) by the following metallurgical technologies. A 
pre-refining by the. lst-step directional solidification, removal of phosphorus, boron and carbon, and a final refining by the 
2nd-slep directional solidification.
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The purpose of this study is to understand the formation chemistry of polycrystalline Cu(InGa)Se2 (GIGS) thin-film absorbers 
with a graded band-gap structure prepared by a selenization (or two-stage) method with H2Se gas and Cu-Ga/In stacked 
precursor layers.
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Solar radiation data on inclined surfaces are essential for solar radiation utilization technologies. Most measuring stations, 
however record only global radiation on horizontal surface. It is necessary, therefore, to estimate solar radiation on.inclined 
surface from global radiation horizontal surface. In this study a new model to separate hourly global radiation into direct and 
diffuse components, which is more accurate than ever, has been developed for the estimation as mentioned above.
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The photovoltaic power generation system has been the hot subject as a supplier of inexhaustible and clean energy. As the cost 
saving is necessary for its full spread, the study of the photovoltaic modules integrated with roofing material is aiming for low 
cost. Jointly with Matsushita Battery Industrial Co.,Ltd., our company, Matsushita Electric Works, Ltd., has been working on 
research and development of the prefabricated PV roof panel method which enables manufacturing as a unit within a factory, 
and it thus leads to the reduction of man-hour at a building site. The second is that its function can be built up as a part of a 
roofing member.
This report summarizes the process of the study of component members such as solar cell tiles and wiring units and the basic 
structure of the prefabricated PV roof panel method. It also mentions the security of the waterproofing property, the wind 
pressure resistance property and the durability, the wiring method covering connection among solar cells and connection 
boxes, and the maintenance method in case of the solar cells damaged.
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A stabilized efficiency of 8.8% for a-Si single junction solar cell (area:l cm2) was achieved by controlling fabrication 
temperature and growth rate of the a Si i layer. A stabilized efficiency of 10.6% for an a-SiGe tandem solar cell (area: 1 cm2) 
was also achieved by optimizing composition of the hydrogen and germanium contents of the a-SiGe:H i layer. The 
performance of stack cells during degradation is affected by each unit cell. Degradation behavior of a-Si alloys is generally 
considered to depend on composition and optical gap; however, full details are not yet known. For optimum design of 
multigap stack cells with a higher stabilized efficiency, it will be necessary to predict degradation characteristics of unit cells 
for various band gaps of the i layers.
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MATSUSHITA ELECTRIC WORKS, LTD. has been performing the research and development work on "Photovoltaic Modules 
Integrated with Roofing Materials (Prefabricated PV Roof Panel Meted)" as a NEDO commissioned research project, in 
cooperation with MATSUSHITA BATTERY INDUSTRIAL CO., LTD> since fiscal 1993. The merit of prefabricated PV Roof 
Panel Morthod is that we can reduce labor in the field as a result of assembling the usit in advance at factory.
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Ion Energy Controlled (IEC) plasma CVD is developed to control ion energy independently of plasma conditions. The ion 
energy, Vs, is analyzed and it depends only on the bias voltage, Vd, and the electron temperature, Ve. Ve can be determined by 
IEC plasma CVD apparatus. The ion energy Vs linearly increased from 20 to 170V as Vd decreased from 0V to -150V under 
usual a-Si:H deposition condition. The defect density of as-deposited a-Si:H measured by ESR increased from 4.5X10**16 to 
1.8X10**17 cm**(-3) for a substrata temperature, Ts, of 150 deg.C and from 2.3X10**18 to 4.7X10**18 cm**(-3) for Ts = 55 
deg.C, respectively as Vs increased from 20V to 170V. Bonded hydrogen slightly increased for Ts = 150 deg.C as Vs increased, 
but it decreased for Ts = 55 deg.C.
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An amorphous silicon solar cell deposited on plastic film substrate has been studied. The solar cell has a new monolithic 
series-connected structure called SCAF, and will be fabricated by a newly developed fabrication process based on "Stepping 
Roll" film deposition system. The process was compared with the conventional glass solar cell process. Preliminary results for 
small and large area SCAF solar cell were presented and discussed.
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The intrinsic micro-c-Si:H films deposited in a RF glow discharge deposition system with the use of monosilane gas diluted 
with hydrogen were applied to pin solar cells. In pin single junction cells, open circuit voltage (Voc) decreased and short circuit 
current (Isc) increased with increase of crystalline fraction, and the experimental results suggested that crystalline boundary 
dominated fill factors (FF) and characteristics of degradation. It turned out that cells with high stability could be obtained in 
relatively low crystalline fraction region. Tandem cell of 33% fraction bottom intrinsic layer had initial and degraded 
efficiency of 9.4% and 8.5%, respectively. Application of a-Si:H p/i buffer layer increased Voc and suppressed degradation to a 
certain extent.
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ATDIi (Alternately repealing Deposition and Hydrogen plasma Treatment) method and DLE (Deposition of Low Emission) 
method was developed for formation of the high optical band gap between 1.3eV and 1.7eV, which were higher than those of 
(ho film obtained by the hydrogen dilution method. And we also proved that these films were also devise grade for the single 
type solar cell. The conversion efficiency of 8.9% was obtained with the band gap of 1.6eV by ADHT method, and the 
conversion efficiency of 8.2% and 20.4 mA/cm2 was obtained with the band gap of 1.47eV by DLE method.
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10 micrometer thick thin-film poly Si solar cell with a total area conversion efficiency of 9.2% (active area efficiency: 9.7%) 
was achieved by a novel solid phase crystallization (SPG) method. This is the world's highest efficiency for Si cells fabricated



below 600 deg. C on metal substrates.
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We have already fabricated over fifteen percent efficiency solar cells based on homogeneous Cu(In,Ga)Se2(CIGS) absorbers 
deposited by the "bilayer" process. Recently, our efforts towards the attainment of higher performance cell have realized the 
stable fabrication of graded GIGS cells having over fifteen percent efficiency with an active area of 1 cm2. The progress 
depended mainly on applying "the 3 stage process", which NREL group developed, and the real time monitor of Cu/(Ga+In) 
ratio, which we originally developed, for the formation of graded GIGS absorbers. In this presentation, we report on the recent 
progress of our development for GIGS solar cells, especially focus on the 3 stage process using the real time monitor of 
Cu/(In+Ga) ratio.
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Single junction amorphous silicon "Monolithic Panel Solar Modules" (910mm X 455mm) with maximum output of 40W (10.2% 
aperture efficiency) have obtained. Average module output power was around 38W within 57 trial modules. Compared with a 
small laboratory module (100cm2), the scale up loss is due to the design factors, i.e. optical absorption of thicker glass 
substrate, reflection without using AR-coating and counted edge area outside aperture, because all modules cut from a large 
module substrate have shown almost the same efficiency as a laboratory module which we have got when we start this project.
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The high current density of thin film polycrystalline Si solar cells on glass substrates were fabricated by the excimer laser 
annealing of heavily boron doped a-Si and the subsequent deposition of polycrystalline Si on them by plasma enhanced 
chemical vapor deposition at low temperature. The excellent high current density (Jsc) of this solar cell fabricated at the low 
temperature is characterized by the low carrier concentration (less than 10**16cm-3) of electrons and holes, which is both 
confirmed by the C-V analysis and by the numerical analysis of thickness dependence on Jsc, since the low temperature 
deposit ion enables the both the hydrogen passivation and inactivation of impurity during the deposition. This advantage of 
high Jsc applied to the a-Si:H(300nm)/poly-Si(4micron) tandem solar cell, which exhibits the efficiency of 8.6% and Disc 
12.2mA/cm2.
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A new two-dimensional model for the influence of recombination at dislocations on the minority carrier diffusion length in the 
bulk of a solar cell is presented. Based on an analytic solution of the diffusion equation in cylindrical coordinates, the 
calculations results in a single parameter, the dislocation limited diffusion length, containing the complete effects of the 
recombination at the dislocations. This parameter in turn can be used in normal ID cell simulation. The results from modeling 
are compared to experimental data obtained from quantum efficiency analysis of thin silicon solar cell and measurements on 
dislocated float-zone wafers.
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A new production process of solar-grade silicon (SOG-Si) is proposed here, to be applied for small SOG-Si market. This SOG- 
Si is made from high purity commercial metallic grade silicon (MG-Si) by the metallurgical technologies. SOG-Si was 
experimentally produced by the combination of the purification technologies, and multi-crystalline silicon wafers of 75 x 75 x 
0.45 mm were made by using the SOG-Si. The SOG-Si had under 4.3 mass ppm of carbon, 0.18 mass ppm of boron and 0.1 
mass ppm of phosphorus, aluminum, iron and titanium. Conversion efficiencies of solar cells .made from the wafers by the 
NEDO standard cell production process and the cell production process of high efficiency were 14.1 % and 15.9 % respectively.
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To characterize the substrates from three suppliers, Bayer, Sumitomo-SiTiX and Daido-Hoxan, we fablicated cells through 
our standard process using those substrates.
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Surface and bulk passivation effects on the multicrystalline silicon were studied using Baysix wafers (from Bayer Solar 
GmbH), clectromagnelically casted wafers (EMC: from Sumitomo-SiTiX Corp.) and casted wafers by drip controlled method 
(DCM: from Daido-Hoxan Corp.).
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A large amount of low-cost silocon substrate is required for solar dell production in order to diversify the applications of 
photovoltaic solar energy conversion. A new method of silocon ingot production based on electromagnetic casting technology 
has been developtcd, which can float molten silicon without contact with the crucible by electromagnetic pinching force, and 
solodify an ingot with high productivity, continuous casting of large ingots was performed to evaluate ingot properties and 
solar cell characteristics. Analysis of electromagnetic casting was carried out by simulations with the aim of the 
understanding and improvement of process.
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In this report, the concept of Continuous Casting Method and Drip-Controlled Method (DCM) is explained. Crystal properties 
and solar cell characteristics of the ingots which were made by DCM is reported. Solar cell properties of the wafers which were 
supplied from SUMITOMO SiTix and BAYER was measured at the same time, and the result of these measurement is also 
reported.
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