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Thin Film Solar Cells Composed of Sulfur Chalcopyrite

BINRSE T8 BLRETTER
B WA, BA EB

Faculty of Engineering, Shinshu University

Kentaro Ito and Yoshio Hashimoto

Abstract Thin film solar cells composed of Cu(In,Ga)S, were studied. An optical
absorber layer was obtained by sulfurizing a precursor layer in an atmosphere
containing hydrogen disulfide. When the precursor including a very thin Ga or GaS,
layer was used, the sulfide layer exhibited both considerable adherence and good

crystallinity, resulting in a high efficiency solar cell.

1. EL®ic

AKEEMEZEI R MET 2728, KRR Z FRRIC U TEMRA S ZEK
FicHBE T AEMBSEEINATWS Y, 22 THAZINZEERME DR
ELUTRBUREOBENWAN TS 54 NSHEREEDSD 5, BIEHED 1.0 eV
M CulnSe, & LB U7z & & 2, CulnS, I RBEMA LEARE U UIITRE R EH]
HIE 1S eVZLD, AEXRZSIERVEVIFHMIH %, & 5ICHE DHL
YIREEABERTI L D SVHERELEZRTODT P, ZORBEHBED 2 —)V
BT 24— LBEOERIERTH S, 1 CHEFTIIEONE 3 TB L
W 4 TOEBERBEMFHED N DD E TR T, Cu(In,Ga)Se, HIE AR EMTIX
18%BDEVWEBRBEBRESINTVWED Y, BEREEZHRILYMRICHART
VA QK ;AW

H2lx CulnS, EiRZRLE 2 BE7ODER) ICKXDEEL, ZhE KK
WAL T2 BERBEEMEZRELTERE 7% 22T, ZOFEBEZFTH
EINED, FEEDLD RAEBIUKEDORET D LA DERTH % »ITDN
Tk %,

2. EBEEORIL
L REEIX Cu/ln BIBMAIEZ H,S D 5% ZEN B Ar [RH T 550°CIz Nt
TRZ Lo TEEI N BREDIXFEIC Cu BE RHEAE»SESH



7o ZNUE Cu/n (EDS 1 CFELWVWDFERIZLD/NIWVIEA, InS, ICBIE L 75
REBOPEETE-DTH 5,

X 1 1XFR(LAE%Z KCN KBRFP TUE T 2/1ICB T 5 Cu/ln LR L =& D
ZNEDOBEFRERT, WEBERD LIXMERIDOZN & IXEWERT, 1 LhoPNh
X\, TDZ LIE KON AEETD Cu/ln [ED 1 KD REWERG, BADIZEAY
TRTCORHFYM (FRALHH) 2 KCNUETERDOBRPNEZ 2 EZRLTW3,

3. Ga F—EYJ7BXLURTP

Mo JETHE U7- 712 RER EICHIRIAIRZ BUET 2 L &, Ga £721F GaS,
#iE% Culn ODEEBEHEDO NICHEAT S, BOBEMIED» D TR
EEDELICAETH BB 272, GaS, IXEE Ga L WBIALEVWDT,
HIBMAZRE BRI INZA P IC B VW T BICEMETHIES L, BDIRWDERTH 5,

IRINKENNZ44P % FIV B RTP(Rapid Thermal Process) i, X1 2 {2773 & 5 12 300°C
»5 550°CE TOMED 5 FUATHRELE XD, COHEICL>T In BFIHE
DERDBIHIEINZ EEZh, RiFrtudEsh= (K4S58)

4. KBEMWRE

KCN MU # 1 U 7= FEICVAVRER R CdS #iR % /Ny 7 7 —f@ & U THEREL, &5
ICZF D LICEREERE In,0, lE 2Ny ¥ ETHE L CEERBEmZREL
7o

X 3 IZHIEMAICBIT S Ga BEDODEZZ 0 BLY 27 mm L LELE, KIBE
WDZARY MVIEEZTR T WE 700-800 nm DMEIHIZHBWTIEE D Ga D K —
UL hEINLTWS, ZhERIEYBEROREOHMKICHIET2dHDL
EZZo5N%, 2P, Gald Mo HEBICHEEETHML, HAREMEICIHBITS
Z DEBF-BIROEHIHIEIL CulnS,DZF N (147 eV) IIFIFHEL WV, LHIL,
Ga DIEEMNI SICKEL 22 LR ERABOREIHD T %,

X 41, GaS, L EEBEEIRDS 25 Hi5K% RTP ICL WL LTS h=XK
BEMD AM1.S B KBABRN FTICBIF2EREE-BEE (J-V) & TH 5,
ZOEBHRIT 123%THDZ Db, ZOMEIXMMORILEIC L > TEK
Sh7-HERBER ™™ 'V ICIEE T %,

5. Bbbic

fhaatE B K EEEICENT- Cu(In,Ga)S, HE% 2 A 70 X TRIEL /=,
I E AR L U CEREANT DEAEE KR ERDE O Wiz, KBEMNR
HOFTHRELED LVHRRF25RI S ICHET 2RBPERINTNE L
ZZ2oN%,
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Table 1 Typical thin film solar cells with optical absorber layers composed of ternary or
quaternary calcopyrites. The heterostructure of the cell, the preparation process for the absorber
layer, its bandgap E,, the open circuit voltage V.. and the short circuit current density J,. of the
cell are shown in the table.

Heterojunction structure Process E, V.. I Organization
ev) (mv) (mA/cm?)
ZnO/CdS/Cu(In,Ga)Se, three stage process 1.12 678 35.22 NREL ¥
ZnO/CdS/CulnSe, coevaporation 1.04 519 41.2 EC group ?
Zn0O/CdS/Cu(In,Ga)S, sulfurization 1.57 811 20.1 HMI
In,0,/CdS/Culn(S,Se), sulfo-selenization ~1.2 560 30.0 Shinshu Univ.
In,0,/CdS/Culn(S,Se), sulfurization ~1.3 595 25.7 Shinshu Univ. ¥
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Fig. 1 Relation between the Cu/In ratios
before and after KCN tretment. The solid line
indicates the relationship between the two
quantities that would have been valid if they
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Ultrasonic Investigation on Orbital State of
Strongly Correlated Electron Systems
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Graduate School of Science and Technology, Niigata University
*National Reserch Institute for Metals
SCenter for Low Temperature Science, Tohoku University
“Department of Physics, Tohoku University
PJoint Reseach Center for Atom Technology
ECryogenic Center, University of Tokyo
"Department of Applied Physics, University of Tokyo
T. Goto, Y. Nemoto, H. Hazama, O. SuzukiA, S. NakamuraB, S. Kuniic,
1= Komatsubarac, Y. TomiokaD, A. AsamitsuE, Y. Tokura®*

Abstract We have performed the ultrasonic measurement on the strongly
correlated electron systems with orbital degrees of freedom to observe the
quadrupolar-susceptibility. The elastic softening of the transverse ultrasonic
mode of the Kondo compound Ce La, B, and Ce,Pd,,Ge, with the quartet
ground state Iy are presented in connection with the quadrupolar ordering.
The elastic softening of (C,,-C,,)/2 mode in the Perovskite manganese oxide
La, Sr MnO, is attributed to the orbital ordering of the doublet state T.
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The Structure and Properties of the Ternary Thallium Compounds
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Department of Environmental Science, Niigata University, Shoji Kashida

Abstract The structure in ternary Tl compounds is examined by X-ray diffraction.
Their band structure is also studied by ultraviolet photo electron spectroscopy.
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ERMR)e L L., M4 ERBIATES L, PR TEEs M AvdCEiZmd oh, %
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B CSAOAERM L, 1MEDTIOR D 1Z8BDSHIIADKEEEIC VT, MELMEOTHIRZ o7
REIIH D, TRBEOBERKLL) TIZMMAOTIOR D IZSHMEN B DIXFEEZH, 1EDTIO
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Study for CIS Based Solar Cell Interfaces [ ZnO/CIS, Mo/Ti/glass ]

FRRFHELFER " HABENKRFEL-ER
EHELE PEAEY BRKEX

Institute of Applied Physics, University of Tsukuba
*Faculty of Science and Technology, Science University of Tokyo
Takehiro Yoshida, *Hisayuki Nakanishi, and Shigefusa Chichibu

Abstract

The aim of this study is to improve the interface properties of CulnSe, (CIS) based

solar cell. In this work, ZnO/CIS and Mo/Ti/glass were prepared by Helicon-wave
excited plasma (HWP) sputtering method. Compared to Mo/glass, Mo/Ti/glass showed
better results in following measurements. From the tape test, the adherence between the
film and the substrate has improved. Mo XRD peak on Ti showed smaller FWHM than
that of without Ti. Lower resistivity was obtained for Mo on Ti. In addition, ZnO/CIS
was investigated by means of PL measurement. Since exciton related emission was
clearly observed from the CIS film after the depositing ZnO, HWP sputtering method is
considered to have an ability to suppress the sputtering damage.

1.

IXCHIZ

CulnSe, (CIS)REEKIGEMDISLREENBALDOT-DIITEE/I NNy T 7B
/CIS/Mo/glass €I ENDOFEIZIITHHEAEERLZEEL. %‘J1ﬁ'T6:&ﬁ§QZ\§7F
AR Thhb, LART, RFRECTIIFRFICBBORELEIZEB L, DCM A28y H 7
Il TR QOBEFR OFE~EXDF A=V Mz B~ KRR 7>
X< HWP)R o ZEBEZSTH LS, @fmE ZnO:Al EROERITEIILE',
HWP NUE—R7TI7X=THHILREOEAND, Bk, #EETOELLIZEZDS
NHBENEL, VI N BREN AR FIEEE A KIFEHHERER OERIZEL
TWAEEZXTWD, FIT, AFFETIL HWP 2w ¥ iEER AW - 0—EER
EREFICAN, ZOE—HLL CEEXBGEMICKRLEL - EHEBOERIBX
W ZnO BHFEIZLD CIS B~DEEZRETHAZEEEMEL,

. ERGIE

CulnSe, /BI1% T EZEHRFEB I TR AMKKIEICIVERIEE 580°CTERL
72 £72 Mo, Ti. ZnO &f& i/\UZ/?EZfEJJE'/“?X‘"V(HWP)ZN/5’?93 ZE03Em
BVCIERIL 7=, FFMICIX 0 -2 6 XAREIFRIE, 4% FIEIC I DM ERE (BB In,
=JR) . PL #AIE (Ar'L—%— 100mW, 1.4K) % FV 7=,

3. BRRUEBLR

(1) Mo/Ti/glass 33X T Mo/Mo/glass & &

ANy BETERL- S BEEOHFIEIT, RRROTAEIIREIKETD
e\ TERRIC R B D BN IS K AR BRIL 7 IR D BEAR A~ DFF BE DR EE
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Bni} 5, Scofield HIEfHEEITENIEIRTTL Mo EIEAZEH72D1C Ar TR
F%ESZEEF IE b=ED bilayer-Mo EIEAZ1ERL TV 54, AFFET ;UJ77<f\fE
BEE5E Mo J98 Ti OEARABMESAABEICEN TWAZEIZEEL °,
Mo/Ti/glass %i&é‘» HWP 2\ EIZEDERILT-, $72, LB DO 72512 Mo/Mo
bilayer bIERL 7=, 7—7 7 ADRE R, AT AEDFHFEMEIT Mo/Ti, Mo/Mo bilayer
HIZRGF T o7z, Fig.1 IZVERL 7= Mo/Ti(a)# L Mo/Mo & (b)D XRD /3%
— %4, Fig.1(a) TiX Mo (110) EEITE — 2 D¥MENEAY 0.38° Th-o7-DIZ
FL(b)TIL 0.50° Thotz, £, ()LL) TIRHE—20&AERNTa—KT
HHIEMND, Mo BNERSFMICZITHERMIGC % Ti BOEMLTWAEEZD
5. LA EDD Mo/glass 12 Ti B2 AT HIEICI0FEREED R EnNShi-LE
2 BN5, TNHLOIEIZ CIS BAHEME% . Mo/Mo bilayer Tl Fig.l(b)élﬂ?'@‘iﬁ
12 Mo(110)El#fr " — 2 0 - {EIEAS 0.50° —0.60° AN >7ZDIZRTL (a) T
038 —0.34° LA ELTWDD053 035, ZDZEN D, Mo/Tilglass 1Hi&E DEAAY
EMNREINTZ, —FH T, Mo/Mo bilayer 1Z1% Ar HREIKFEL-EN 4
lirmwﬁ%%tﬂ VHEEZBND, £72. Mo/Mo. Mo/Ti RO Ti JEREDOHEFE S
BRAVEFER OFHEMHICOWVWTER 1 1ICEEH D, [BIHRE (ImTorr) THEFEL |
FEE(0.3 1 m) TH-72H D TLET HE Mo/Mo bilayer &Y% Ti/Mo bilayer
FMEIRPLR LR AE S, £7-. Mo/Mo bilayer Tid 1 B HOREZHHEE
EHEEIER
WEHFRED BUWMTEMEDRESIN N2 b bdo7z, SHiZ. 2 B H% 0.5mTorr

i ¥ ¥
E (CIS) E E (CIS) i
Mo Mo
e
soda-lime glass soda-lime glass
(a) (b)
\ 7 S
/\ S
3 || T
5 / \ FWHM § FWHOM
_ 21 il 0.50
3 = | - [y
s [ 3
= oo s as—grown
5 / -
g | as—grown & ‘ . M
= 4 Z
F4 = ;
o | - Wz |
g | | 2 ,
a g
FWHM EV‘;’;M
5 0.34° after CIS growth | :
after CIS growth {}“n y m £ f *‘«
L R 'M-u.l[ ‘i’A’%‘,“" Ty
fﬁ?§*=“§¥?§ﬁi%x§§f{.%%ﬁf“!’i"‘?"“@{ [ i |
30 J 3‘5 ‘ jl() 5 30 ‘ 35 i 40 45 - 50
26 (deg.) 26 (deg.)

Fig.l 6 -2 6 XRD pattern of (a)Mo/Ti (b)Mo/Mo thin films prepared by HWP sputtering method.
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SHITES AETHEIEAZ L2 LD NREL OR4E 9 5ME *(Tablel FITXKEITE
R) LRI E IR EER S LN,

Tablel. Resistivity and deposition condition of Mo/Mo, Mo/Ti and Ti thin films.

deposition condition

thickness resistivity

sheet resistance adhesion.

gas pressure(mTorr) DC bias(V) (um) (Qcm) (Q/00)
Mo/Mo [20(10min.)+0.5(120min)] =400 0.26 3.2x107° 1.2 x
Mo/Mo [20(15min.)+0.5(240min)] =400 0.7 1.4%10° 0.2 o
Mo/Mo [20(20min.)+1.0(120min)] =300 0.3 7.8%107° 2.6 O
Mo /Mo [10(3min.)+1.0(17min.)] 1 12~14x10°  0.12~0.14 @)
Mo/ Ti [1.0(180min)] -300 0.3 36x107° 12 @)
Ti [ 1.0(60min.)] -300 0.1 24x%107 24 @)
X Ti [ 1.0(30min.)] -300 0.05 9.0x 107° 18 @)
(2) ZnO/CIS
n BlBHEREFOR/ Ny FH A—
COFELRETHD, AR
CIL HWP iEI0 LD CIS b E# CuliSeHorelar o
Zn0 WMEEFALL, Zn0 HAHH A om
%D CIS BORHEIIZONT Cu/ln = 1.64 "
PL BIEIZLVFAEL 7= (Fig.2). b
B8FOBEELENVREEMIED Ex.
TN ZnO EIEHEFERZ 2N T —
LERISNZZEND, CIS B~ 3§ S
HA—HEEAE R o2bDE B | (@as-grown [
ZXTW5, ZAWL HWP &k & /)
VD ZnO FEEHEFBL 7=7-0IZ &y é / \DAP
YRLFS CIS B~52518E% / *,
MR DBZLEMTEZDHEE R T (b) after ZnO  / Ex.
%, £7-. as-grown CIS TIiX depositing \
0.98eV f1EIZ e-A FEHEEbN w m/\/m
BE— 7 BNEBIS NI 5. ZnO et
BIEMEEL o —Fizeh, DA ' : ' ' ' : :

LB AL —2 S BNHERY
LR oTn, ZDOZENS Zn0 EE
HWREIZ LY, R F—ERSnE
Zz N5, Zn0 BIFIEMENCTHE

0.80 0.85 0.90

0.95 1.00 1.05 1.10

Photon energy (eV)
Fig.2 PL spectra of (a) as-grown CIS
(b) after ZnO depositing on CIS.

FELTWBIEND CIS B bd Se DBBEIIFLALTENEZ X LNHI DA EIRS
FETOBMTREOEEIBARE OEBIZ OV THE TR ESLRDRF ML E

THHEBEZTWD,
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4. fEw

HFLOWRREHTTHD HWP 28w iEZ VY, CIS N — R E > & FE i
BE/B[ZnO/CIS, Mo/Ti/glass) & ERL FFMAAT > 72, Mo/glass IZ Ti BEIEATHZ
LICEOTEME, R, IRIZEN., CIS #HEZICBWTHLRE DL LA
back contact BEIGFHIENTE, £7-, ZnO/CIS/Mo/glass #Ei&E# ERIL PL i&ICk
VEHML 72, ZnO #FERITHLEOLTRIE FOBEL-BIE —27BBARIZEESN
72 Z&EDD, CIS B~DANRYZ T A= BRI LNT2EZE R TS, 541X HWP R/3
Y HIEIZED CIS BOERAITV, HWP IEIZL DL O—EERAE BT,

2E R
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CuGaS, MV 7 BiEIc BT 5 & @bt

Electrical properties of Metal/Semiconductor contact of CuGaS, single crystal

FIERF - ) BLER CRAEMRE BLER -EXLER
oHFRERS, SroHtEth ™, rhfaRt s, A2k, ditaeEr, BRAQHER

Institute of Applied Physics, University of Taukuba
*Faculty of Science and Technology, Science University of Tokyo
**0On Leave From SUT
“Rikuro Nakai, "Shinya Arai, "Yuki Nakada, Mutumi Sugiyama,
Hisayuki Nakanishi, Shigefusa Chichibu

Abstract Metal-Semiconductor contact of CuGaS, was studied. Current-Voltage (I-V)
measurement was carried out to Metal/CuGaS, bulk single crystal to investigate its electrical
properties. Ohmic contact was successfully obtained by Au electrode. The sample was etched in
HF solution before depositing Au. For the purpose of obtaining Schottky contact, several metals
such as In, Al, Ti and Cu were used. Most of their [-V measurements showed Schottky like
curve but indicated leaky [-V characterization.

1. XL ®IZ

HNTANAL S A NRIEERTHD CuGaS, 1TBEICBWTERREFERENLZEFL LT
FEBEINTE, LOALARNLBAE, BEEBARFIINEZ LY EEERIZE W TE
Han, mRIESNDIZE-TWND, BkEaEX D725 CuGaS, B AR T L L THE
THERITENTD, GaAs EERFIEHENPTLL T XX v VREVNARETHD Z L
o, XarvBa—FT 400500 TCHiFENDE /)y s OEIC ~EAN
AEETHD, LL, ZOMBHIZBWTT NS ZLTHBICEETHHIRELE, &
BB Z ORI DV COME NIFEF IV, £ 2 TABFFE TIE CuGaS, N
N BREGICBIT 2 EBREMFELER-BEEREICCREL =,

2. EBRFIE

CuGaS, HfE i3 3 U REXEICTER L, £7 CuGaS BEEZEHAL. 1100CT
)= N TN —=T o T ETROVEEREER L% ML I VR ELITHBEEAL,
S EBEEICLVEEEB I o, ZTOXOICLTELN-EFERIEREDL
L% 2mm BOKRXESTHY, BoniofEdz XRD BIFRIE L L ZARBEITER S
N3, CuGaS, BiER THDH I ENERINT, (ERIN-HEAEFHITL hot probe iKICT p
RLHESHT, ERERBIL. AulnCuAlIFEZEZAE, TilX HWPHIZ THRE L /=,

17



3. MEREUVEZE
FIA—I v 7 HBEMEE L%, CuGaS, BiESEN p B2 RIZLE2EELC, EF
SRBIITLEBRE N KXV Au.1eV)E Az,

Au #BBELTEELELEZA, E-ENRXASTRAFMEBIHRFEELZ L OBF A
—I v EEMRELONTE, L
MWMLT v 7 VEEE SRR 4§ OX10" e R
BENY T BWTIL, |Au ]l Au
O[VIfTH I CTEIRSTRAV 72 VR

ohmic

no treatment

LRoTLEok, £XTTy  _

BTy FL /BRI CRELE S

L%, BBAERELL & é

CABEAENAVEREES ] _

Y BEFREENELNE, F
. T NVEEE®EOY T
MIBWTHLRFRT—I v 7 o0 s
MR [Fig 112 &2 EN TE -,
KEUBEZE L I2LD
BENKEBLEZEWI) Z L, TV VERE®% LY BERFEICEBLESD X 5
BIENER S, ZOMBEBEIZLZ Y BUNBRBZTBNAD OB 5TV Tidin
MmEBbnb,

Voltage [V]
Figl:[ohmic of Au/CuGaS, contact]

1.4x10° : : e ey Wiz, va v b ¥ —PEBEfd
1'2)(10-5[ Auwh ¢ H AlScImllk' %?%é f:&)‘:f:t%@g;k@d\ é
roxt0® HFL t;ebatment y VY In(4.12eVY), Al(4.28eVY),
80x10° [ o T ///:J Ti(4.33eVY) . Cu(4.65¢V?) %
g 6.0X106§? . R w ’ p %*@{ﬁ}% c: ﬁﬁ A T ‘.7 B }\ %
g 4.0x109F / l / — MR e R AT,
© 20x10° . J
°or — ] Al: RELBEZHL T2
gensiosy ] WHERERIZY 3 v hXF—ERE
4 ox0t ' T FLTAIZERELLLE DA,

0
Fig2:[Schottky XT}%gL:g;Sz contact] A= v 7RI R
W7o T LEoT, £72. A
WA — I v 7 HEREMORE L
Rk, BRV/BNZVWEEFENTETCLESZ, LL, Z7vBRRTEELES
EL-E ZA, PEFRERSBHEIN, SEER-EEFEDL Y 3 v M3 —EMIZT
W DOMREB/ ST, [Fig2le LALLM NS T REBEORNERVBBEEZETHY . £
TINEFMICB T H2ER-BEFENOCEBEEBRENEL L O ET A, 94 LEFRRHE
I EEWL D E R o, £, C-V RIEEZT R ERMBBELTRIET HZ &
TEhhol,
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Ti: Ti II~NV 3V ERETS X<

ANy HiE N CERELZ, 2O 30x10° AL || Ti 1
FETR, 77 X~ AR NN ettt
BELSBESNE)E— RS wer ]
R~vD—RROT, Ti HHEFIZ T 0f
TIXHINEERREICY  §
roRBEMERERTH LT S
BMNEEZ XD, L, ¥ oxo’ b i
AT ARORNERNBEE 72~
a v bFx— B (Fig.3]& 72> T RO LVoIta°e|VT P
LEoT, Al OFE LRK, X Fig.3:[Schottky ogTi/CuGaS7 contact]
HALER 2 1T - 7o N E - E R )
NEBIND Z Lo Tz,
In:FIRD Al Ti LY H{LEE
— BB /NEINTZ0I, K BEWE
Au e TG B OV vy Mg
|| HF treatment HEFELED, HOBREOEEN
I BONARY L MEHNE LR,
z 7 AR & O B R
g . <EBZEMTERNPoT, £
S T 7o B G VST - L A
""" [Figd| BB LN TH Al Ti &
i FEORR L rol, 7 v BREA
SOMTEEE - ' 4 RIS TRELBEERZ R o h

0
Voltage [V]

Fig.4:[Schottky of In/CuGaS, contact]

CHEBARE LTy F U VBRICTRELEZIT 7208,
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CufittDE&RE LRI DHLE
BHR ., HEAOERMEICE WV
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NH 7 vEBICR X CTRELE Y
To-b DI, IFIFEREIZEW
t DO[Fig. S| BE b vz, IBEH /A
T ABEOER-EERFENS n ER
Kbz ZA 742 LWVWO BRI
DB REREELOITIFER
WH O Lo T,
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NI AN EITIR
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6.0x1072 |-

4.0x107% |

Current [A]
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T U EEHEETER L7 CuGaS, V7 BRERIZ, #—I v 7 EBBE LT Au. v 3
v hF—EMRE LT ALT,In,Cu 2EEEE L., BxDOEE L OHFEME ER-EERTI
THRE L,

¥4, A—IvI7EBELT Au ZAVWE, TUo7AEBELTLLTSRRICE
ENTWAF U TNIZ Au #EEF LT &2 A, OVIFETERNBTN 2 WETR-EER
ML o T LES. ZITY7 vBBER CRALEZITo-bOICE L TIIRF 24—
Ty MEEMBE SN, £, RELEBEITORITCH, TUo7LVERHEZOBERE
BICERERETHLEEDBERLAKICBREFRA—I v o HEMAE SN, UL ED
ERPLTORKUICBINZYT L ZACEL CRREICEBEERZ ENEREIN, 20
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[table.1]

compoun SO, Yay hF—BRE LT AL In, Ti. Cu ®

< e’ S | HEMBORARZLBERE LN, HEEKOZIC
CulnSe2} 109 | 009 | yo k& MO BBRoNANo%, ZhiE=
Culn 52 8.0 0.15 YT U TREFEORENRRELLEIN T RNAEDLD
CulnTe2 15.3 0.05
CuGaSe2| 9.6 0.12 L < IE CuGaS, BA OB 72 )3 BLERME Tl Il ¢ X
CuGaS2| 1.7 0.18 | 78\ WE., &R/ FLEEREIB TS 3 v b
CuGaTe2| 12.7 007 | F—[BESINEBOAETEKIC I NI EEET S0
CuAlSe2| 85 | 015 | L) gl REFLS 2V 5. 20 RERL s=1
Che 022 | yype [@RERE S4B O EEEICKE L. S=0 OB
e e o T oo ] HEFELR, st 54 NREETY
AgInS2 96 012 | ©LH SMENME < [table.1]. CuGaS,id S fEA% 0.18 & GaAs
AgInTe2 | 19.1 0.03 LS EBTIERVN, T2V IBEMOY = T OEE
AgGaSe2| 10.9 0.09 T COAFREMEETREL WS, b IZZDfEEE
ﬁffg 85 L 0I5 | @I eBmotFRMICHEY KFLENI L LA
gGaTe " . .
AeAlTez | 127 | 007 | 2 AP

7ZnSe 5.75 0.31

GaN 5.45 0.34

Si 11.4 0.08

GaAs 10.9 0.09
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CuSe-InSe; #— 7'y FEAVWEL—F—TFT7L— 3 VI
X % CulnSe, HEED {ER Kk 7

Preparation of CulnSe, thin films by pulse laser ablation
using Cu,Se and In,Se, targets

FOREBRE - BER
ARE JE. HOb RER, R EFEL BA fEH

Science University of Tokyo
M Kubota, T.Sadamitsu , S.Ando , T. Tsukamoto

Abstract We prepared CulnSe, thin films by pulse laser ablation using Cu,Se and
In,Se,targets. Cu,Se and In,Se; layers were deposited on the quartz substrate at room
temperature and were annealed at 500°C  in vacuumed chamber (~10"*torr). Deposition
rate of Cu,Se and In,Se; was changed by varying deposition time of Cu,Se from 15 to
75min (deposition time of In,Se; was 80min constant). Prepared CulnSe, films were
analyzed by SEM, EDX and X-ray diffractometer.

1. IXCHIZ

T4 LT E T, CulnSe, (CIS) NV T FEdRE Y —F v b LizL—¥—T 7L
—3 3 VIEIZ X B CulnSe, BIEER Z{ToT& /-, L—Y—T 7L — 3 &I
FEIRTH DY —5 > hhbBR~OMEBIERIE LR TH Y . e
DR DOEREACIZE L TV D728, CIS R EFOER(LIZI VT bk~ 22 BF 7k
BTHEN T T&7z, LML, ZxZlbtaWizZ < DILEMNFET S
O —H—T T L — 3 SEICXDERIZIE, ZOBMEY—5 v MZEAW
DRAREREERTIBEMBLEL 2D,

AR TIE, FxiTBEOLY—Fy VAW L—Y—T 7L — 3 VK
L2 ERIERER O ZBfEL, ¥—2 > h& LT Se RILAE® Cu,Se B
In,Se, % AV 7= CulnSe, EEER 21T 572, FIZ, Cu,Se KN In,Se, FEEIZ L D
CulnSe, EEDERLZ | 1) BREBE#Z DT = — LALE  2) MEAGER E~DRIE
D21V OFEZTITV, SR 1) OEREEEDT = — VAERIZ L - TER
L 7= CulnSe, HRIZ DWW THET 5,

2. EBGE

Cu,Se & 1" In,Se, 45 BAKTFE 2R D 728, In,Se, B D EIESG % IBEH3 0.5
pm BEGONDEMFIZETEL, ~10%or £ THR LZF ¥ /N —NTIHMEA
DA TEMR LIZHEFE ST, Cu,Se B ORIEFERH] % 15Smin~75min £ TEfL S,
In,Se, @ EIZZNETNHEREEET/Z, 728, Cu,Se BI N InSe; FF—7 > FDk
JREMIZT O L —F — U — (KR OHEREEE OFFM L TR E BB L bLF
BT DD RMIZRRE Lz, IR T#%, JRIAMRT 7 mEiz L v &
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W73V —EIZTT = — VBTV, ZOREDT = — MBEIZEREmME X
AR RA—F—=|ZTHIEL-EL LT,
Cu,Se K W In,Se, FEI@RF ORKIR SR T =—/V &% Table 1 (2777,

Table 1 Deposition and annealing conditions
Deposition condition Cu,Se In,Se,
Deposition time 15~75 [min] 80  [min]
Laser energy power 300 [mJ/shot] 150 [ml/shot]
Repetition frequency 7 [Hz] 3 [Hz]
Laser KrF exicimer Laser (A =248nm)
Pressure ~10% [Torr]
Substrate Si0,
Substrate — Target distance 45 [mm]

Target

Annealing condition

CuSe : 4N powder
In,Se; : Synthesized by reacting high-purity (6N)

elements in an evacuated quartz ample.

Annealing Temperature
Annealing time

Pressure

3. EBHER

500 [C ]
60  [min]
~10%  [Torr]

3.1 Cu,Se 2 In,Se, HiJg O 7Flliks R
9 Cu,Se KW In,Se, ¥ — 2"~ MIBIT ZEHMKIZKTT 5 L —H — U —{KfF

% Fig.1 X' Fig.2 {2795,

100 e v S v 100 T T T T
B & Cu Deposition time 90 min o Deposition time 30 min
-] a Se Repetition frequency 7Hz °\ ® In Repetition frequency 3Hz
s 80 Substrate-Target distance 45mm_ ® 80 4 Se Substrate-Target distance 45mm
&
= =g — =g —m e ey §
2 60} 2 60 f—-w-—-— e e— e e s e -
. o
E a
S £

40 | ST, T R S P
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2 ]
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Laser energy power

as a function of laser energy power

[ mJ/shot ]

Fig.1 Chemical composition of CuISe films

Laser energy power [mlJ/shot]
Fig.2 Chemical composition of (nISeJ films

as a function of laser energy power
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Cu,Se iI2BWTiL, KL — o —i3 &

T T T T
Laser energy power 300 mJ/shot

Cu-poor (272 ZAHMITH YV | In,Se, IZHV = goo | Subsine Trest ioance. dhepn
TIEBTRAX—IZ Y Inrich IT25BE =
N &> 77, HEFEBFEIZ-DU T In,Se, T ‘2“0 1
VRS IZRRE L7 3Hz,80min T 0.5 2 400] < 4796 amimin

=

[¢H)

um DEENELNTEY, Cu,Se TiX
Fig3 D@V TH 5, Cu,Se (2 In,Se, 200 ¢
BRI ASIERICE A, SRR
e 0 20 40 60 80 100 120
EOEIZBRELTWBE bDEBbhd, Deposition Time [ min ]
Fig.3 Film thickness as a function of deposition time

32  Cu,Se KU In,Se; #H)& 12 & D CulnSe, # D 1ERL

LA FIZ In,Se; (80min,3Hz,150md), Cu,Se (15~75min,7Hz,300mdJ) DIETH
FHMR EICHEFE L=, 60min, 500°CIZT7 =—/VALERZHE L CIERLL 7=
CulnSe, # &M XRD /X% — > % Fig.4(a),(b)iZ. #EKIH% Figs =¥,

T T T T T T T T T T T
o Cu,Se: 7 Hz, 300 mJ/shot Cu,Sc: 7 Hz, 300 m/shot
. = Inzsc, : 3 Hz, 150 mJ/shot , 80 min lnzScJ : 3 Hz, 150 mJ/shot , 80 min
o Substrate-Target distance  45Smm e al Substrate-Target distance 45mm
- . =
=5 \ ° Cquc é = g = e CuISe
3 3 P -
| £ les =88 _ ¢ 2
Sl s . o ]2 slg[87 &3z §%
J}/J S L=~ 282 B e ]
2 2 45 min
a 75 min a J
] 8 1 A A
£ J_/J 65 mmin £ I 35 min
= o
2 e A A A -g | l A Aer
§ _J')f\j 55 min g 25 min
& g | A~
Q 45 min 2 15 min
1 1 b | 1 1 1 b ; ¥ ' | 1 1 1 1 1
10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
Diffraction angle 26 [deg] Diffraction angle 26 [deg]
(a) (b)

Figd X-raydiffraction paterns of CulnSe, thin films as a function of deposition time of Cu,Se
(@) 45min ~ 7Smin,(b) 1Smin ~ 4Smin
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728 XRD /XF — 2BV T Cu-Se ZD
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WWIRHBA R X4 AR —LEENES os |
AU, XRD /X% — 28V T Y CulnSe, LS ol
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DFIZR b 78 h3 726 Deposition time of Cuzse

Fig.5 Chemical composition of CulnSe, thin films
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Fig.6 IZ SEM \Z XD KRMET 4+ 82 T
DEREZTRT, ERIKOKRLFiEL—H—
T7L—varERFAD ey T Ly
NEREIEND DT, —F v h&7T
TU— hLEZEOEBIZ LV RIKEL
P2y T A7 —PHEE L TEOE FEEHE
L7260 THY, Kl LTORDEK
I L 2RIVRBDOIE T ZBL =045
BUELRTNERORVEETH 5, 10 m

Fig.6 Surface morphology of CulnSe, thin film

4. &9

Cu,Se , In,Se; &% —47 v hDNRT A —ZIEFHFME LY, L—H— D —(Z
L DML DFKIH BT TH D Z LB IZIEA A F4 A F U —7EfE
NE LT,
CulnSe, ##FEIERDOFER In,Se, AR EZ ZHOIZRE L ZIZH b 6T, 2KH)
(Z Cu-rich Dff{[A] Z 7~ L, XRD [H#7 & W 240 Cu,Se &'— 7 23R S /-,
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Z LR FEITLD Cu-In-S R EE O /E R L4 & 3

Preparation and Structure Evaluation of Cu-In-S System Thin Film
by a Multisource Evaporation Method
MBI F ", KO RRY FEHSE Y/ IWEE 2, £7)F >
DR RFRFRRBABFEHER, "R LESSEFMFEL,
VER KT LA
Toshiyuki SEGA", Koichiro OISHI”, Nozomu TSUBOI?,
Satoshi KOBAYASHI”and Futao KANEKO®

Y Graduate School of Science and Technology, Niigata University
“Nagaoka National College of Technology
» Faculty of Engineering, Niigata University
Absuract
Thin film growth of CulnS, and CulnS;, which belong to the promising Cu-
In-S compound semiconductor as a solar battery material, has been performed
by a multisource evaporation method on the Si (100) substrate . It is found that
the grown films are mixtures of CulnS, and Culn.S; and the ratio of Culn,S; /
(CulnS,+ Culn.S;) is continuously changed from 0 to 1 with increasing In cell
temperature when the Cu and S cell temperatures are kept constant. It is clear
that an epitaxially grown film of CulnS, has the sphalerite type structure and a
crystalline film of Culn;S; has the spinel type structure from the analysis of
RHEED patterns.

1.#ES

FMAEREDOF A% B IE 3 BEK M E i OB %6 1L, CulnSe, # EZ .0 2R
BASALCE 7, LA L. CulnSe, DEE K A & (X K B 75 tth o> B AR R 72 25 ] A5 & 49
1.5eV LYKV =8 CulnSe, % i# 15 K5 5 #tL TiX. CulnSe,& CuGaSe, & DR dh
fLIZEDEERIF R EZ T @ RIEA KL TWD,

EZAT, CulnSe, LR U N aXAT7 AN E % &5 CulnS, 1E. 1.53eV DEEHH
HEEA 95, £7=. Cu-In-S RILEWFEED—>TH5D Culn,S, ﬂixt"*ﬂ/
RIAEEZED, 1.51eV OEEHIHIEZA 5, "CulnS, & Culn,S, D] & i, 3t
KEGEMMEIEL THEABRZ 1 5eVIZHEFITEWESIHIEZE 95720, r%’—ufJJ
REBEKBFEMAM B EL TR TELHMETHD, Ll ZhbDi

ZRAWVWAKBEEHMICBWTRESN TWAEHLYEIT Cu-In-Se R EIE K% E
MIVL->TEY, BB ERETOEBMHEMARILETHLHEEZOHND,

CulnS, ?® Si(100) E~DxTEZF v/l &K IE Hann HICE > THRESIN TV D
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D3V BB B EIZIT &LV, — | Culn, Sl W TR FE S & D
WEFI IR E N, F72, Cu-In-Se T THREIN TS Culn,Se; & OVCIHD
Cu-In-S RICBITDFEITALHTITZR W,

INHOZEEEEL, 41T Si(100) £IZ CulnS,, CulnS, & NZDRB D
EAX v VKRB A, B REEEFMEIT o7

2.EBRFE

Cu-In-S FRiEMEDOVERIT, #E A T F LK (M SN~6N) Z R B L 722 St R E
ZBARFREICEIVIT o7, ZERIZITH RO Si(100)7 = N—% A\ 7=, ERIEER
400°C, Cu KOS OF JFEF 2 /WIBEAEZILZE L, 970°C O 150°C IZEEL . In VIR
FEDIH% 600~750°C DRITEILI 7=, BERUTITHEEAR 7 R ONERER Ny T %
ATV, AERAMREDIE 1L 6.0 X 10°Torr LA F T, BEERFRENE 2~4 BERELT-,

3.EBRIER K VS Z

Tablel FENMFER

3.1 EPMA
Tablel (Z{EB L 7= 0Bl 4 | I Sample | Thickness o
BEROHMEZEED TRT, In VIR e o 1
BEIX3RE A 23 HIE<, LLF AB, - H . . 0 T
DIEIZE 72> TWB, C o8 1 R
Fig 1D EIT/INSR=A T Cu- D 025 1 | 14|28
In-S R OWIER (& KER)ERT, = : R L S
T, Cu,S 725D R P & In,S; &7 G 0.65 T | 4
DI DR Q BFEATZERR PQ EIZ, H iz !

AP THRELT VD CulnS, &
CulnS; 3% 5, £7-. HL Culn,S;F D
OVC 23HLE4 X, ZnHbZDHEMR
EiZH 2B,

Fig.1 O FRlo X, IKEX(EF
YD EFEBDEILRKLIZHD THb,
ZZIZ, Tablel 2R T E A~H 2 &
TN, BEIEOHM T In E/IRE D
#EANE A2, CulnS, DARAFF AR
FLRL(A)D> 5. Culn,Sy; DARAF A AR
RA B (H)E T, BRIk DERR PQ 121F

IEIR > GEHHIITEL L TW<EH 7 23 In[mol%]
RNz, 2B, H B E & F 0K Fig.1 Cu-In-S Rz EIKEER

X Cu:ln'S=1:35 2TV DTHD,
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3.2 _XRD

Fig.1 IR L7288 A~H OF 0638
ATE4->DRE A,C,F.H,D XRD /35—
& Fig 2 IR, T X TOEBKEDOE
PRE— T P X. Y ERLTZ2o0
Bl — 2 EIEZ 0N TN N62 -
TW5, Culn:S=1:1:2 DK ZFF DR
B A TIXEIF AR X DB BLEZEI N2,
In B/VIRE %R L7808 C TiX, BT
E—2 X &Y DRELTWDONBES
N, &6 In EVIBE%R2 LT 7=
Cu:ln:S=1:3:5OMkxEFFHEE FT
X, B —2 Y BEHFE—27 XITxL
TEXRHTHY, X. Y LSO —27i%
Si ERNHDOLD DM ICE EZEI N
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Bt H TiX, B —2 Y OHPBES
Nz, U EXY BIHFE—IXEY I, £
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EZ 1605,

Lo L. Fig2 Tix, ZnooEFre—
IOMEN, REHIEZ > THBIZE -
TWAIIICR 22, £Z T, ZNHD[E
#re°—2 3 CulnS, %Culn S, LD TH
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7 A B ) 6T&>6hmﬁ%/\7% 5D
JEE AR 7F % Fig.3 & Fig.4 (2R, [
FE—7 X IZOWTE, BBF /3744
IEEICESTIFIE—ETh LI RALT

A NI E % (R TE L7 CulnS, (#/S/v2)D
BFEH alZHVEZRALTNDHZEN
Dol bLEFEHFOFEMBEE TN
AL+, Bl —2 X i3 CulnS, ik
2HDEEZ TR WEAD,

Wiz, BT —2 Y TiE, BEE O M
’f¥b\ B FRTA=NEMT5HL

53 otz, ZAVIZEE ANV B
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FAREGIZLDE DG, A RFREEICLIIB FELDIZONIEAIR-
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EBLDTHHEE Z TEMLLIARN,
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3.3 RHEED
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TIVIENEON b DEBZLND, £ 9L Fig2 1o ¥
RUEEHTE =2 X 13, QOEICLBOOL HTE oo o s
B, DS AF7ANRIRERED a(= cf2 WIRTELWT
ElTi2D,

Fig6 1%, 88 H @ RHEED /37— Thd, <011>g,
ANFFU 7B, R RVERERR DRI ARy M X
==, BEHH XA VBN #ER{EL TS CulnS,
THHEZEZLND, LLehin, Yo7 /3F— i3 i
STWDBDT, BFEBMNEIEL TV DHDEE X Hivd,

Fig6 38 H(<011>5, AFHD
RHEED /37— (Cu:In:S=1:5:8)

4.%E 3

EPMA (2 X 2ERGET MG O FE R | In E/VIRE OHIHIZLY, Cu-In-S KL A DM
R A 23 FIBE T, DAL I Cu-In-S FRIRERITIVT Cu,S & In,S, #FE
SEMH LICHY, Culn:SIE 1:1:2~1:5:8 ETHHEANCE LTI END 2T,

XRD /37— fgtfr& RHEED (C L ORISR OfE R, In B/VIRE ORI LD 27 7
LA CulnS, HEEAE RVA Culn,S, DF R ELNLZENbroT-, B
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CuGd,In, VI,(VI=S,Se) /L 7 # dt 0 1S

Preparation of CuGd,In, VI,(VI=S,Se)Crystals
by Solid State Growth Method
RERFIRT T8 tRemE R R
REOMm —, FHE, BERHRSC, PHEERK—EB
College of Engineering, Osaka Prefecture University
Tomokazu Kumagai, Atushi Ashida, Norifumi Fujimura and Taichiro Ito

Abstract
Bulk samples of CuGd,In,VI,(VI=S,Se) crystals with various composition x by
Solid State Growth Method were prepared. In this paper, Solubility of Gd into CulnVI,
is discussed. The Gd content, x, below 0.01, it is confirmed that any Gd compounds was

not existed by x-ray diffraction.
1LIXL®IZ

BAE, M-ViE, ViR, O-VIIROLEMFERIZSWT, ZtExE, BET
Fh -V 7 LIEAmERMEFEROMENRZ 23N TWVD, flziE, M-V
BIELEWMFERIC Mn 2 F—E L 7 LEAmEBEELERInMn)As 8L O
(Ga,Mn)As I%, IEFLZHAE LT Mn-Mn 2 B2 RICE < ZZHIERIZ LY, F8RE
WERTZEDRPALLITRS5TND, P F70, Si:Ce TIIREMHAERRLR
JZRAERRBHEINTETND, ¥ ZnO:Gd TIEHRE ORI Rz~
TR TH Y P 1-TM-VLIRLEMF-EILTH 5 CulnSe, |2 Mn % R—E
T LT L DOIZBWTIE, ORI 2R E EER R STV 5B, Y

INHOLEY T ERE RIS SISO, LVEEDOF—Y
CIUMMRBELEINDG, U-VIIR{EAEW SR TIEI MO D KA A2 % AMOREME
AFy Mn®) IZL-oTEREE &+%) BRI EenTES, £72, -
VIEL A EERTIIEMOMEAS 4 % s D WVIIEMMORMEA 4 TE
XMz, R—v /9352 NTED,

[-II-VL LA ERICBNTL, [/IOEBHIZED % U TRE, p.
n OEEREZHETX D ENMbRTWDS, £/, HEELEDOS < IHMEEN
Efich sz, -I-VL BILEWEERIZN— 7358, WKL bE
BEHREEZTZENHFEIND, HEETREISNEY A MEHREZE - 1, *
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YUV TRERZERMSETICALITBLEE R 795208 TES, 2F0,
BHMObLOF Y VT EHTHELROFOETORAE L OEE R A IZMII I HT
HE 2 Z EBAFEOEARBRBTH 5,

AL TIE, 1-I-VL B IEEMFHERITE VT, REBERR L E O
PEIZHOWTHRETAZ L AZBRIE L, N EROEREZRAL-, FiohtE
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FNEFENH N RICHBELZb DO ERBAE LT 25ton/ecm* TF LA L, R v MZ
Ly 2RV y hEA—R I N—T U AN, B2E 5X10%0rr AT TH
BT U TVTE AL, B BE 02 2 AFig)ICL Y~y ZVIFERNTIT
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S EMERIL 72XV v MIFAIZ CulnSe, & CulnS, Z V72, CulnSe, 123\ T
K—t > 7 &iF X=0, 0.01. 0.03, 0.05 & L. CulnS; IZEB T F—E /&
X=0, 0.05 & L7z, fERL7=XVy hOfEAEE. RO TEREOE(LE X #
EIE/ R I R Bt

400

3FEREBE
ERL 7=~ L v b X BREKFE % Fig2,4 12739, HPOAHITR LB

RITAEREL LTHOE SIBRRL DD THD, £F. CuGd.dn,.Se, T,
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Intensity(a.u.)
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HEE D 72 0ITAEB L TV % CuGdn,, S, Tk, SEMER L7DiE X=0 & X=0.05
DY TN ThDH, X=005 D 7L TER—E U 7EETHD Gd,S; DI
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OMIZHD LD EBDONDEN., FMZIONWTIIEZBRET 21T > TR,
4 FEim

BARISHREEICE D T--VL, L EMHFEERTH D CulnVI(VI=S,Se)iZ A
THETETHDHGdE R LA L7 #EOEREZ 1T - 72, X BREIFOFE
B CuGd,In,.Se, PFAEKIZ BT, X=0.01 ®H > 7L TiE non dope DI 7L &
IFIFRBEDEIT X Z — B G 6T, X=0.03 LLEDY 7L TIZA G IZEE
LTV Gd0s BFIELTWe, £, JFEITH 2 stk &4 Cu,Se. In,Ses
MNOOET NN — 3G 6Tz, CuGddn,.,S, DHMKIZIBWTIX, X=0 Y7
NTIRIFEETH D ZfbEW CuS. InS; 6 DR E—7 BN Eo-, ZDZ
SN L TIRBERIREICEIER H 5 L B s, X=0.05 OF 7z B VT,
ZfbAMTH D CusS. In,S; DMUIZ, GdiS; 26 DRI E—27 3G oz, &6
IZGd ZERESEDZ L 2EBEXD L BEOIRET R VT LORKELEIT I LE
WD,
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Cu(Ga,In)S #&RICI T 5 B & AR

Solid compositions and Liquid concentrations in Cu(Ga,In)S crystals

WRKRF THH EREFV AT LALFR
HROEE @E B BA & O FE

Department of Electrical and Electronic System Engineering,
Faculty of Engineering, Yamanashi University.
*S. Hayashi, Y. Nabetani, T. Matsumoto and T. Kato

abstract We investigated the relation between solid compositions
and liquid concentrations in Cu(Ga,,n,) S, system at
1040°C. The Cu(Ga, lIn,),S, crystal was grown by the
temperature difference method under controlled S vapor

pressure.

LIZ L ®IT

=t D Cu,S & (Galn),S; ZFESEAR LI CuGaS, 2>5 Cu(Ga,In),S, D&
OB EZ b Cu(Ga,ln),S, WHFET DI EAALNIR->TND Y, %
O BEFMBITARICEHIMT 2 S ARETHIETE 5, Z0 & & OEKERIZ OV
TIEAETARATH o7, £ T, AL TITR KA Cu(Ga,,In,),S, D EAHERK
& RABME DBR T D THE T 5,

2.EBR NI

FEERER IR —HIRERF ARV T, S RREEHIE LBEEEICL - T
Tl o7z, BERIZEMN S, REHESE CuGaS, DR Z1T>7-, AR 10mm DA 3
T 7ZNDEERIZCu & GaZ ANTENRE Tmm DA —Rra—7 47 3NTEA
FHOFE, EPIZSEERAT D, AET 7T 1X10°Torr YA EOBZEE TH
CHlote, 7o 7NAAND S ZAKIEER 760Torr & L. D 21X FEDIRE % 1140°CiZ
R, 144h OERIZE > THREHE R Z S, RIZ, ZOREHESE CuGaS, %
ELTOIn & &bz, RBHERDORRICAWEZ L& ERRICAET V7V R
FEHDFNIZAND, AET VT LVDETITITS /AL, BEEHUT5, KE
IREE 1040°C, iR E 20~2000Torr, AXEZEFHE 24~72h T Cu(Ga,,In,),S, DFE
B EZITo7, REKRTHR, AT I E2BBRIFENLOGRV L TABREITI,
UEDEIIZ L TR S EREFREZSLEIERA > Ty MEREFMIZR LT
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DOEPHADOFERTIL, EFAHIR Length (mm)

2B AR A D & Cu &
Ga DHERAHA L KR In Fig.1. Change of Solid compositions and Liquid

. . concentrations toward growth distance.
& S A LTV e, Ga #AK
ORI b In MEROHEMENKE W=D, MBFEROEF & LTE3HEML T
W5, FEENTEMERITEORIGOR/NERIZND 6T, BART TIIXFEIZ Cu
DN D72 <, Ga, In, S DIEFIZBREIZHML TN D,

(2) B4R - AR O TR & OREGFR

2 \ICEMF D Cu MK & R O Cu B EOBMRZ R, AT O Cu BRED,
In— Cu(Ga,In)S, # —TTIRRER Y22 515G 5 N A E(XENDK 15at. %026 6at. Yol Z B
THIZOoN T, BEHFO Cu KL 25at. %0 HEA L TWE 7at%Ii272%, Ga #
FRAZ DU TIE, CuGaS, DEFHEK TH D 25at. %0 HH) 15at. %I LT H | KA
F D Ga BEIT 14at.%0> 5 17at %FRE E TLEM L722h > 72, In—Cu(Ga, In)S,
1 ITREER D & 1 RAR T D In BREE S 40at.% D & & . 2~3at. %D In % & T¢ Cu(Ga,
In)S, BRERT %, AERTIZ, AT D In BED 22at.%0>5 19at. %28 L7z
& &, EHFO In MAIT Sat. %05 20at. %I ST L TR V. 25~40at.%D
InELZHOBIRITE LN TV, BT O Ga BL U In BEDHLT 27228
T. BHTO Ga BI N In AEAEHIZEM L TWb ), MEMK TR TS,
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TWiz,
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#ix, BERPOMBEMERKIEMT S & kg=0.75 (y~1) 2H#EMLT kg=1 (y~1)
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PEIFZELV, 202 Lk, ZOMB TORKITEIRIZIEVIRIEIZZ2>Tnb =
L BRI TV,

4. &0

BOIENDA > =y MEROBREF IR T DRSO RN G, BRAB X
ODEABHRL D BER 2 Az, FHIZEEN TV A EERBITREOBEN G, Cu KAk
I3 ZOTIREEIKI 2> 15 6 1L A D> & B8 - AR & H BT 523, Ga MBULE
FRARL R DEEAMZ 5t L THRABKEAR T & A EH L72\V, In KRR I IR ARARL R D WD
15t L CEARM R S AT 5, MIRHR & S MBI Db H 7%
b CHEMME S BB IG5, BAERITE ORITERED 61X, TGRS y~1
226 y=5 IZHM$ 2 & Cu & Ga DIRITERENIIRED LT key,=1 IZES3< 25, In D
T REIT - o DB E LD, TEMED S8 L T k=1 12337, Lo, S
DIRITHREUT k=1 TIZIEF—E TH > 7=, Cu(Ga,In)S, D EERFER L KREX S DfE
DAR—FIZHOWTIL, BFEIZR2 > T RW DS BRI ZET 5,
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Cu-II-1V-S B LN Cu-III-1V-S, R L b MmO S

Crystal Synthesis of Cu,—II-IV-S, and Cu-III-IV-S,
Multinary Compounds

gk - L Wiz, mINKE, silEGE, BHEE
School of High-Technol. for Human Welfare, Tokai Univ. ,
H. Matsushita, T. Ichikawa, T. Maeda and A. Katsui

Abstract We have investigated formation processes and melting points
of Cup-II-IV-S; and Cu-III-IV-S, (Il = Zn, Cd; III = Ga, In; IV = Ge,
Sn), using the differential thermal analysis and X-ray diffraction. Among
these materials, primitive optical and electrical properties of CusZnSnS,
and Cu,CdSnS, bulk crystals prepared by the horizontal gradient freezing
method have been characterized.

1. Introduction

BAE, CulnSe, 372 & & H NI KFEMADIERAPFENEANITON TS, L
N, FOMDZETT - ZTALEHOFICY, I HICHEMEOBI-MENTFET
DRBEMEDRH D, £ T, CuRSLEW LB IR 2 A DOERE X LD

D ZhE THLIL, Cu-II-1V-Sey, Cu-III-IV-Se 72 ED¥ L ALEWIZ O
TREREER L, Z0OMMIHmZITo Tz, 279

AAFFETIE, Cug-II-IV-VI,, Cu-II-IV-VLIZEIT B VIEEZREE L, £OF
TARBEE S U THFE I LTV CuypZnSnS,S~ 7)75:#'*5?)}:?“6 NHEDFRD D
DALEMERY BTz, T2 TR, IO ORSEBROT=HIZ, BOITIZ L 0 B8Rk
EFRECRLRZ TS, I BT, # gradient freezing EIZ L V7L 7 fEREERIL |
ERW « FERFHE R BEIET 5,

2. Experimental procedure

F3 REBSIT (DTA) 125 Y Cup-II-IV-S,, Cu-II-IV-S, (Il = Zn, Cd; III
= Ga, In; IV = Ge, Sn) DERUERLZER LOOBMKREZIRE LTz, TDHIZiE,
0.1~1gBRETCHIETEX 2 DTAEEZ A\ 2, BIERIFEE =Y br—F2X- T,
2°C/min. CHIR, MR L., et SRWE & OREZITEESR (CA) 1T & 0 EHA
ETED, 2B, ZORDBEIZ, BEIVGHOLNTVSELRE (Sn, Zn, Al, Ag, Cu)
ICEVRRELTHD, DTAKIZERK S EEHZ SV TiE, BR X BREHT (Cu-ka
BER) ICLVHEEREL, BERORE, WEEfTT, MFEROEHZ1To7,
PLED#ERZZIZ LT, #% gradient freezing EIZ & 5 Cup-1I-IV-S, D L 7 fiE
R EITo7o, 708, HEERE LTCuS, ZnS, CdS, GeS, SnS 7% ED ZwlbE
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A& V-, BERE&IL. EPMAIZXL D85 ﬁfF%W®ﬁm@w—%%ﬁLa
RO DT HEFH/Z, £72. Van der Pauw /EIC L W ERIERER 2. HRIVAIE
LD REFEF vy TERE LT,

3. Results and discussion

Cup-II-IV-S,, Cu-lII-IV-S4Z33i} 5 DTA #i#% Fig. 1 [T~ 9, 7285, FifE, 48
B ORI, FOMEL-HBROA Uy METHRE Lz, TN6ORAEIC
ob\f . Table 112779, F7=. DTA%. BAENXEON(LAHO X REHT/ 7 —

¥ (Fig.2) > HIRTE LIz s TAIFFE D Table 1127777

heating heating
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> >
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= i1020] S N 914
I S Y. /. I R e
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Fig.1. DTA curves of Cuy-II-IV-S4 and Cu-III-IV-S; compounds.
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= a="7.570
e b=6.472 e
i T g c=6.125| — } R
2 s T A S SR
g Auat M Ak il E | M A
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S = i a= 5425 = '
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= A A A (é
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§ o R 2N Ko %é U s
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Fig.2. Powder X-ray diffraction patterns of Cuy—II-IV-S; and Cu-III-IV-S; compounds.
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Table 1. Some physical properties of Cup—II-IV-S; and Cu-III-IV-S4 compounds.

Compounds [Melting | Crystal | Lattice constants (A) [Cond.| Electrical |Bang gap
|point (C)| system a b c Type |resistivity (Qcm)| (eV)
Cu,ZnGeSs| 1120 ortho. 7.57 | 6.47 | 6.13
Cu,ZnSnSy 990 tetra, 5.43 = 10.81 D 62X 102 1.39
| Cu,CdGeSs| 1020 | ortho. | 7.70 | 6.55 | 6.28
Cu,CdSnS4 926 tetra. 5.59 — 10.84 p 5X101 1.37
CuGaGeSs | ~1000 ?
CuGaSnSy ~800 ?
CulnGeSq 914 cubic | 10.55 — iy
_CulnSnSs | 916 cubic | 10.62 | — -

Table 11Z/R L7ZBFTEEDF T, Cus-lI-IV-S,52 D 4 > DA SV TIZ,
Nitsche 512 & ¥ 3 UFEEHETHRE SN fE TR ONZED S I1FIF—F Lz,

F#E7Y gradient freezing £ TYERL L 7= CupZnSnS, & CupCdSnS, #EdalE. 5mm ﬁ%ﬁ’:
UL D EFHIA S+ TR e K & S O BFESEEN B LN, Z OEBERETS
@f‘ﬁﬂﬁi@ﬁtﬂ\?fﬁE#E@Tﬂ 1L, CuyCdSnS, TIFERRI /2o 7273, CUQZHSHS4
WIZRWTIEZn 23072 <, Cud%< 7z o Tz,

EIR TOERIEHEIL, Table 1IZZRLTHD L H1Z, CupZnSnS, TH6x10%Qcm.
CuzCdSnS; T5x1071Qem &720 | Fi=, Ay hFa—TENSWTRY pBEY
RTZ ERoT,

HPIGRITE DO EHRERS T & LT Fig.3
DEINIHEF Yy TE2EHTD &
CueZnSnSs & CupCdSnS, D /Ny R¥ 4
Y MBI, FNEI1.39 eV £ 1.37 eV
THoT=,

stoichiometric @ CusZnSnS,; DESIL
FEB IO REyy FEITEFNEN
10'Qcm, 1.45 eVEEETH D Z & 03H
EINTVWD, 710 Znb LT3 3
e ORIEMIT, EXHEARTE ., 137 eV
Ny R¥ vy FHES oo THBD, 2 L
FUTHESEN T Zn DR D722\ V7= 8 B e —

E 1.2 1.3 1.4 1.5
EEZHND, Photon Energy (eV)

~
=

CuyCdSnSy
CUQZ]’]SHS4

(a E)2 (arb.units)

Fig.3. Absorption coefficients (aE)? as a function of

photon energy of CupZnSnS, and Cu,CdSnS,.
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4. Summary
(1) Cup-II-IV-8,3 & TR Cu-III-IV-S, (Il = Zn, Cd; III = Ga, In; IV = Ge, Sn)
WCDOWTHRRERERA, TN O DOBEMENEH CE 2 EIZ W\ THESEE.
I ERERE LT,

(2) CueZnSnS,. CupCdSnSyll-2VNTHER gradient freezing i£1Z & U #pEHAS 7]

el SV RER AR T A LN TE T,
(3) HRPAIE DS CueZnSnSy. CupCdSnS,/ SV 7 #Edald, FHF41.39 eV &

1.37eVDNRYy R¥yy THEOZ LA hhoT-,

References

1) R. Pamplin: J. Phys. Chem. Solids, 25 (1964) 675.
2) H. Matsushita, T. Maeda, A. Katsui and T. Takizawa: J. Cryst. Growth

(1999) in press.
3) T. Maeda, K. Shimizu, S. Ai, H. Matsushita and A. Katsui: J. Adv. Science,

10 (1998) 194.
4) H. Yasuda, E. Sekiya, T. Maeda, H. Matsushita and A. Katsui: J. Adv. Sci-

ence, 11 (1999) 42.
5) K. Ito and N. Nakazawa: Jpn. J. Appl. Phys., 27 (1988) 2094.

6) N. Nakayama and K. Ito: Appl. Surf. Science, 92 (1996) 171.
7) H. Katagiri, N. Sasaguchi, S.Hando, S. Hoshino, J. Ohashi and T. Yokota:

Solar Energy Materials and Solar Cells, 49 (1997) 407.
8) R. Nitsche, D. F. Sargent and P. Wild: J. Cryst. Growth, 1 (1967) 52.

40



CuGaSe, B¥E R DAY - RMAICEET 2 7R

Characterisation of the impurities and defects in CuGaSe, single crystals

REBRBIKRYE L¥E MBS AT LAT¥FR
7\ B, SRR, CREEAE
Faculty of Technology, Tokyo University of Agriculture and Technology
Takao Nishi, Hiroaki Takagi, Katsuaki Sato

Abstruct The defects and impurities in CuGaSe, single crystals made by
chemical vapor transport using iodine as transport agent were characterised
by EPR and FT-IR. In the EPR measurements the Fe** and Fe>* signals were
observed in the single crystals at 4.2 K. The electronic transitions between 3d
shell of Fe** were detected in the FTIR spectrum at RT as the absorption
peaked at 3500 cm’. These Fe related signals changed drastically by
vacuum (Fe>*—Fe®) or Se (Fe**—Fe’*) annealing induced Fermi level

motion.

1. RU®IZ

A1) 281 T4 MEIFELK Culn, ,Ga,Se, [RGB HAE & U TEEBERL
ERLIZAET TEBAHENMTON TS, TN 51E CulnSe, ZH.LIZITHN
TEEN, BREHEFTHD CuGaSe, IZ DN TOEBYWMEMTRIIEZRREE LT
bHD, FEEKAETNA ZORER LIZET THREPORME, FHHD IS EN
ZHONITZIEIZEETHZN, HH2FMEDOH TEFHBIEHLEE
(EPR)®® 7 — U TR RN HIEFTIR)IEAHA). RGO B FIREEZ B SNIC
TEDITBABY—ITHD, ZLOFERTTOEHZEBIIFKEL CZ
7. CuGaSe, IZBWT EPR ICKBHIFEIL. LHEEHAKR[1]% Culn,,Ga Se, EH[2].
F 4 1ZLK % THM(Traveling Heated Method)EAEEL[3]2 D 5. @fﬂn:a%*ﬁff@fﬁ'
E[NIZL 2T Nit, FPICKBEENHERI N, EHB 2 RKUICEREL 2RI
FERREICERL ZHEEMICELS C*OESHEHEIN/Z, THM BEiEE %
BIE L7232 DIEFITHBNT g=2.006 IZBHEI S N7/Z(EFMN Se ZFLICK B T &
BHEMI SN, SEITFEICTVRGAEETEHEINZBEERITDONWTO EPR
KU FTIR BIEZ1TV, THM B TORRE DB ETTS Z & T CuGaSe, DX
ffa, AHEICDNWTIMEL /2.

2. RBREH:

CuGaSe, EfERIIZERTEH=BMEAZBITHBNT Ga IAHED THM IZL D IE
BMINA)EBIRON)HEEZRHL/ZHD, ROBHEBICTBNWTITVREZH
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EPR HIE L JEOL 8 JES-RE2X X-/\> R4)tge%& Ay,

i i 2 JRAR AN U ™7 L

Iz

Ko T42 KICHHAILBAEL =, EZE, Se FHKTO Y =—)1id 300°C T 2 kK

1T 272,

3. BRRUER
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Fig. 1 EPR spectra of CuGaSe , by CVT
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Fig. 2 EPR spectra of CuGaSe , by CVT
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MEL TS ZENTFREINS,

Fe M EDEBBBBAM A T FEARFPT
g, BEHEEPO T ) IEMN OB L
0)@%{%6%&)6 1 DOERIZLS Z &M
Mo T3, Fe 14 > ZHl Hizmi

- Vacuum annealed

3
Fe’*

EPR Intensty (a.w.)

BRI n BOEEATHNUL Ferll, W p Fe'* ]
BT HIUL R EN D &S 1T 2L S R

RO EBIC L > TA 4 MlinEbhs,  |Scamad B
IN 513 CulnSe, [7)ITBNTHHSN, O 0 im0
T ) IYEMNBEINERE L T 341 C Fig 4 ESR spectra of vacuum annealed CuGaSe .
nWd,

—/lﬁl(ﬁ"ft’bt 2 DOEBIO T )l IHEALIX. CuGaSe, P Fe*'/Fe M%7 Ik
(E)DFHEIZ B 1 ITHLTIZ T 2V IEALIL B, KD TIZH D Fe M
BN, Eit*ﬂr 2 ’661 E, LD LIZH D7D Fe*MMBRAI SNz EBbnd, £k,
e 2 T Se ZALOEEBMRIND. 1 L0 n BTN /27
O, Fe*MBEBIcNZETFRIND,

COFREZEHTE720, dBOT o)V IEEMD 1 DDIBEEL> TS Se
ZIEBUBICE > THEBEE, Fe M T2 DREFEOEMERE TSI &Il
7= OFRIT Se BILDEBIZL > THE Lz, ZOK, EE7=—)IT
13 Se ZEFLANHENN, Se FHR T —— )L Tid Se ZZFLOED DTN 5,

Fig. 4 ICRB 1 Z2EET7 IV LAEY T e 2 &2 Se 7T=—IL LY
7@ EPR BIEMRERYT ., BT =—I)LL7i#¥ 113 g=2.006 D Se Z=FLIC
KBEENER NS EHRIT, FOEENALN, FDOEFIFHEKL Iz, &
W2 Se 7=—I)V L7z 2 ST Fe*DEENMRH TN, Fe*DEFITR A<
oz, ZDERMNS CuGaSe, IZBT 27 o)l IENBEFRE. Fe @ EPR
EEFEDHENINHRIN, BEET7 =)L L7z EZIT 300 mT IS
N3 2EKDEERIIZOEENI-ZDLTRSTHED EZAHBHFTH 3,

3.2 FTIR BI5E#E R R P A
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IZBWTHEHE 1 OARLDKERE Fig. 5 FT-IR spectra of CuGaSe , single crystals.

43



HEF+v ) THRINZRTN, 70— THICLA2EEEORERICBN TS, #E
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hEERE—2 ET BT 10— RRRINEIL CulnS,[6]% T CulnSe,[7]1Z 3BT Fe*
AF 2D 3d NREB®E., 37205 3d° ZEERAD E—°T, BEIC X 2HRINHE &R
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LBEVNIRIEZEMITZHDTH S,
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3 U FEEIE TIER S 1172 CuGaSe, B4 &% EPR XU FTIR 12 & - CTEHE L.
Fe ICBIE L 2552 MIHT 5 EMTE ., Fe*D EPR EFIZEET Z— )l
Lo THEL, RODIZF*DIES & Se ZAICKBEENBHRA Nz, #HIT,
Fe WM S N/ZiBHT Se 72—V &1T5 & FEEAMRE T . ZOHEMN
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BE 3R
[1] M. Birkholz, P. Kanschat, T. Weiss, M. Czerwensky, K. Lips: Phys. Rev. 59 (1999)
12268.

[2] R. Rai, S. K. Gupta, D. K. Suri, S. Z. Ali: Phys. stat. sol.(b) 124 (1984) K167.

[3] T. Nishi, Y. Katsumata, K. Sato, H. Miyake: Proc. 11" PVSEC, Sappolo 1999, Sol.
Energy Materials and Solar Cells, submitted.

[4] H. Bardeleben, R. Tomlinson: J. Phys. C: Solid St. Phys., 13 (1980) L1097.

[5] U.Kaufmann: Solid State Commun.,19 (1976) 213.

[6] N. Nishikawa, I. Aksenov, T. Shinzato, T. Sakamoto, K. Sato: Jpn. J. Appl. Phys.
34(1995) L975.

[7] K. Sato, N. Nishikawa, 1. Aksenov, T. Shinzato, H. Nakanishi: Jpn. J. Appl. Phys,

35(1996) 2061.

44



CulnS, D F DR BRIt

Time-resolved Photoluminescence of Excitons in CulnS,
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o=, KM . Ek B, BE B LK (57

College of Engineering, Osaka Prefecture University
Kazuhito Nishi, Yoshihiko Ohta, Ken-ichi Shimizu,
Kazuki Wakita and Nobuyuki Yamamoto

Abstract
Time-resolved photoluminescence of excitons has been examined on CulnS, single

crystals grown by the traveling heater method. Emissions of free exciton (E,: 1.535eV)
and bound excitons (E,;: 1.530eV, E,,: 1.525¢V and E ;: 1.520eV) are observed as the
same manner as steady-state emission. For E,, E,,, E,, and E,; excitons, the values of
lifetime are estimated to be 67ps, 159ps, 1.95ns and 3.25ns, respectively, under low
excitation condition (2.4kW/cm?) at 9K. The temperature dependence of lifetime is also

discussed.

1. XL

CulnS, BEfESR D PL BhEE 2 =27 k)L V3 KL OEEIE T < 8L EL 2081 E 21TV,
EEFOBEIMBBIZONTERL X, LL., ZHET CulnS, fEHEDOE
I FDRERI D RER T BT AR DIRIT L A EFHE STV R,

AR TIIBEEFOBRIBARIZOWVWTERT H 202, B FRXOREH
SFRBIE #1T\V. S EIFID T 9L ZFhie TE R R & RIERIC B B E 73t &
SODHKMEIE FHNZ mBEL CTBRAILZ, AIE LR AXORERRRER)
HENFMERD, T ORLHRE
KEER I ONBEKRFEIZOWD
THRNT 21T o7,

Pulse selector

2. EBR S
AIERELL LT THM 2L Y

Ti:sapphire laser
1) - Wt 8

ﬂz%z_l,/ = CulnS, %ﬁaa%{fﬂq = Monochromator .

2o #BHL 9K £ TWHIFIHEZR He

R 7 S A FRZ v NMZESE Streakcam

l:‘ T 77 AT L—=F—( LR Fig. 1. Schematic diagram of time-resolved
& 2ps.#2  IR L /3L 287 12.2ns,  photoluminescence measurement system.

B 735~840nm)&, A RV —2
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H1 A T (BRI FREE 15ps) & AV TRV T RO S RRRIE 21T -~ 72, KAEBRT
X L—HF—HoOREREEA 766nm & L7~ £72, L —HF —HKDEH /T —% 2mW
MHH40mW & L, ARy b A X% ImmX1Ilmm & 3$5H52 & T 220D
FHECSRE A2 # 1.2kW/em? 5> 5 24kW/em? & L7z, Fig. 1 IZARZERIZ AW RIER
DR 2 7~9

3. ERIA Photon Energy (eV)

Fig. 21X, RhECi & 766nm, RE 1.54 153 152 1.51
OK BT B /L 2EHEE D PL AR e
7 MR IUBEER 488nm. &
E OK IZBITHEFREICLD PL
ARYT MNVTHD, SNV REHED
PL 22 hUiE, EHE—ILE
DOEEERMED 22 <. BB +5
(IR T D Rhie 1% 12ns % REREFE
5Lz, REBRTIE, 7L ARE
THE®BBE L RFRDOARART kL . Wavelength (nm)
BELN, 450X —7 28 Fig. 2. Time-integrated and steady-state
BlLE, TNHOEXE— 71X PL spectra at 9K
Binsma FDO#HE Y%L EICENE

Ex1 Es CU|n82 ]
Ex2 9K B

LR B
Ex.766nm

Ea

| eumiE
i Ex.488nm

PL Intensity (arb. units)

25

M BH BEHE T (E,:1.535eV)E L R Table 1. Assignment of PL peaks.
@S T (E,,:1.530eV, E,;:1.525eV, 35 __
S . R Emission  Photon Assignment
K WE;:1.520eV) & RIE L 72, PL E Line Energy (eV) Ssi9
— 7 DORIFEFRK % Table 1 |Z;77, Ea 1.535 A free exciton
Fig. 3 1%, 1 7S/ 0o Ex 1.530 bound exciton
2.4kW/ecm?. IBEE OK O & . 4 Eo 1.525 bound exciton

OEhEF E,. E,. E, 8LV E, Es 1.520 bound exciton

IZDOWTHHIE L 7= BB R s ©

b, Epe E Eu BLWELICRITHHEAFMIZEN LI 67ps. 159ps. 1.95ns
BLW325ns £ 72 o7z, BHBIET E, B LOFRERE T E, 12, BESHL T
% CuGaS, ® B HphiE 736 L OHRERE F ¥ tFm Ve ENFNRA—F —Th
%

Fig. 4 TiX, IBEIK DO H &, 1 7OV RFHEEHRE 2 1.2kW/em? 2> 5 24kW/em? &
TS B-BOEMEFRELFEMEZ 7oy F L, BIELEZTRTOREF3
HAZ DN T, BAFMIIFETRE OEME S THELS 2V, 24kW/em? LT TiE
E—E L RBERMB R LN, - 7T, 24kW/em? LT CIIBREIRETH D =
EMNDNB, £ Z TFig. 5 Tt 1 7V RBHEETRE % BEhEIRIE TH 5 2.4kW/em?
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Fig. 3. Luminescence decay curves at 2.4kW/cm’ and 9K for E,,
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Resonant Raman Scattering in Chalcopyrite Crystals (Review)
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College of Engineering, Osaka Prefecture University,
Department of Electronics and Information,
Osaka Prefecture College of Technology*
Nobuyuki Yamamoto, Masami Susaki* and Kazuki Wakita

Abstract Resonant enhancement of Raman scattering as a function of
the excitation wavelength was investigated in a number of chalcopyrite
compounds. Polarization-dependent measurements on the oriented
surfaces of the crystals under consideration were carried out in back
scattering configuration at various temperatures between 9K and 300K.
Commonly, at low temperature, under condition of resonance between
the exciting photon and free or bound exciton energies, only A, and
longitudinal E modes exhibit strong enhancement with incoming or
outgoing resonance behaviour. Scattered light intensity is governed in an
exclusive way by the selection rules of dipole band-to-band optical
transitions at the zone center. Combinations of E- and A,- phonons,
multi-phonon modes are also enhanced and exhibit outgoing resonance
behaviour in the vicinity of exciton, free to bound, or donor-acceptor
pair emission.

1. XL®HIZ

BTV BEAICBWVWTORE FRECEBIILFS&ABESHCTIEERE
MEshTERE D, oA ERXITIMAENXEET— FLO-7 x
VYDELWHERBEBHEEH R THY  REBER O Frohlich lEEERA I
FBAENTWVWSE, ZHICE-T, MEXDODHFXIALF
EFFLIIEREMEFOTRILF — L ORI D ILBIRREIZ
L HE LB OEFOEREND S5 D,
FaTiIhhw, S FEHomE. BIcEFaBEr b
ZA4 MEEHIZOWTOHRB S~ BELOHFEIZTZN
FTIEREAEREIN TV 2WVWY, EFLHIFZ, BFE4ERBITHOE- T,
CuGaS,’*. AgGaS,*®. CuGaSe,”'”, CulnS,'"", AgGaSe,'”® 5 fEHH
DHNaANAL T4 MEEMIZOWTOR®EBS v BHEDODHFRELES
BT TCEX R AREFIZIFOFTORELHEEAOLBERLZRBREST 5,

2. BIERBOEBLERSFESLITCAHHEDOELR
RAEZLDLVWEI Y UV BAREZITO LD OEBEAERIITL LT
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NIZBR >R EREIZE o7, CuGaS,. CuGaSe,. CulnS, iZ2W\W T
X, E— ¥ —BEIE(THM) TER L 2 /& & D (100)E % . CuGaS,.
AgGaS,. CulnS, IZ2WTiX, I—FHEEADTHERLEES O
(112)f % . AgGaS,. AgGaSe, IT oW TIET VU v V< ETERL -
o (100)B L X1)mEzZENEnA Vi, BIEBRAMIT x(z,2)X.
x(z,y)%. x(y,2)X. x(y,Y)X®EBAZ TH V. z®F ML, (100), (110)
IR L CIX[001]F M, (112)@iZ s L CTiX[111]Fm&E L=, = h

SOBAMICEY ., ST U INMILIAZEBRANEEDNBFERBIZL S
NFEBBOZRAZEEBRT T N AEL DL O LT, 9K
5 300K T TREBBEEZZ(ESEDI DI, BEARONY 7 A

WHRERAWE, £, B EHEEHEZITMEZIT O ZHIZ, He-Cd
L —H# —(441.6nm), Ar 1 F > L —H% — (457.9nm, 465.6nm, 472.7nm.
476.5nm . 488.0nm. 501.7nm. 514.5nm). DCM B F L — ¥ —
(650nm-720nm)B X X Ti: %+ 7 74 ¥ L — % —(720nm-840nm) % 1& 4
WS T,

ANanRL T4 FEFRIIBT A I~ EHERSGETE— FORBRIT,
A,+3B,+3B,(TO+LO)+6E(TO+LO) T&H 2 22 6, LR O H m#ELA L T
X, N AP x(z,2)XB AL T, E(LO)D x(z,y)X8 & O x(y,z)XAd
LT, A\ BLUB, " x(y,y)XEEL THFAEINDIIRENE— N LD,

3. EBRBRLEER

CuGaS, IZB I} 2B E 9K. x(z,2))XEM TOMA MR ELE Z < X
X7 MAER 1)zxT P, Bl

END 74/ URIT2TARERZ, £ 600|: CuGaSZNOOTHM - xlzzR {a)4
A(FEZ S)B LV 5E @ E(LO)E — B0l SK
R(EFEE 1,2,4,6,DNICLDHDELLEBY 2z
SR LIE6ERDY TNV T x ) Em” ol
VIRETED 20 KDYNF T 4 . g _
VRELTRETE S, B 1K 020 100 &0 800, b0 7200
LT Lo, zhbos s w3 Cuta
N T F ) UBRIT AMEFEICMN S Ea\UHL Klzzix
ME¢ 2 BHmBEF 2 PREME L £ (b)
THHREBEIBZLTND L £ :
Nnonbd, BHBEFIZE D ASH z |3
HHBITE 2, AgGaS, IZB W T} g_uw -
BRSO B(LO)7 + /) v = i
MOFECBBEBETICE > THES 5
F ML TUWD & D, Deb & & ! 5~
Roy D®ESL H 5 'V, AKkIc. b . o
nonby F -, é?ulnszﬂjo‘ O &t Nered P?ngnergigV)
AgGaSe, (B W THHBETFZF - :
MR L 5 A HEBE BB L oitering oot of uGaa
TWad, ZTO L5, BEHREF 9K (a) and outgoing resonance
XL a5 4 FEROT T begavimrxmr of oneEA[lOmode (Nod.S)
\ = an 1ve modaes
ICEBL T, BT~ HEOT (Mﬂ&%mm%&mﬂmﬁ
MIRRE L L To&EE T L T configuration.
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Fig.2. Outgoing resonance behaviour
of multi-phonon combination modes
of A, and E(LO) modes mediated by
bound exciton states, I,,I. and I, in
CuGasS, at 9K.
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WatEzRAWlcarnats o4 MeEBDORET ~ Bl E
Polarized Light Raman Spectroscopy of Chalcopyrite Compounds
Performed by Use of Inverse Monochromator

KIERSI K T¥E BT WELER
POHER, AKEES, GRS, LGS

College of Engineering, Osaka Prefecture University
Yonggu Shim, Hiroaki Kimura, Takayuki Ito and Nobuyuki Yamamoto

Abstract We tried to measure non-resonance polarized Raman spectra of
chalcopyrite compounds using Inverse monochromator as a wavelength
variable notch filter. High resolution Raman spectra were obtained through
the measurement system equipped with 50cm single monochromator pre-
installed with Inverse monochromator. Unexpected features of Raman
active modes of chalcopyrite crystals were revealed.
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Fig.5. Raman spectra and mode assignment of CuAlS, and CuAlSe,.
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CVT:IZ & B CuAlSe, DfE R AE & AR DE b 1A H

Growth of CuAlSe, crystals by CVT method and incorporation of impurities

(%) =v¥ 7 BAEF
*AEREKRYE - BT ZEARE
NISSUB Co.LTD.
Naotaka Kuroishi
*Faculty of Science and Engineering, Ishinomaki Senshu University
Katsumi Mochizuki
Abstract CuAlSe, crystals were grown by chemical vapor transport
(CVT) method and growth parameters such as iodine density and
supersaturation (AT) were changed. From XPS and radioactivation analysis
of grown crystals, it was known that the crystals grown under large AT

have high quality.
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A7 THEEREEEZ B E Lz CaF, iR ETo
AgGaS, TERE D VERL

Growth of AgGaS; layers on CaF; (100) substrates
with the aim of preparing the optical slab-waveguide

FBRFE KR¥EKR BRBERAR, HBRFLFER ), & AeEEMFER)
WLLO&, MmHEX, VR, 20 RO, D /KRBCE, D &FRE

Graduate School of Science and Technology, Niigata University,
Faculty of Engineering, Niigata University‘)
Nagaoka National College Of Technology®

Shinobu Horie, Shigeru Matsuda, DNozomu Tsuboi, DK ouichirou Oishi,
DSatoshi Kobayashi and "Futao Kaneko

Abstract  Growth of AgGaS, layers on CaF; (100) substrates was successfully
demonstrated through multisource evaporation. The layers are mainly oriented toward
the c-axis parallel to the substrates. Reflectance anomaly spectra due to the free
exciton were observed in the layers. PL emissions in the band-edge and deep regions
were related to intrinsic defects. A broad emission in the exciton region was
considered to be due to the decay of bound excitons.
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Fig. 2 Reflectance anomaly
spectra at 77 K in the exciton
region of (a) AgGaS,/CaF, and (b)
AgGaS,/GaAs. Solid and broken
lines indicate the experimental and

calculated spectra, respectively.
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Fig. 3 PL spectra of (a)
AgGaS,/CaF, and (b) AgGaS,/
GaAs excited by a 325nm line of
a He-Cd laser at 77 K.
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Fig. 4 PL spectra in the exciton
region of (a) AgGaS,/CaF, and (b)
AgGaS,/GaAs excited by a 325nm
line of a He-Cd laser at 77 K.
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CdGa,S,- CdIn,S, FIRREXKI L5 fa AL

The phase diagram of CdGa,S,- CdIn,S, system and crystal growth

ARICE BEER. 0E M) T, mNKH
RERERL: b THs

Nihon University, Tokai University*
K. Asaka, C.Hidaka, T. Takizawa and H.Matsushita*

Abstract We have constructed the phase diagram of the CdGa,S,-CdIn,S, pseudo
binary system. From the phase diagram, the layer single phase is found in between
x=0.58 and 0.68, which is confirmed by the rietveld analysis.

1. LI

0 —10,— VI, ZOXKaRUL &L, STTEOMAEHH (I ;Cd, Zn 1T;In, Ga VI;
S. Se) ICEVFEX DFEEEE R LD ENTED, i, 1 —11,—S, RO SAEIEIC
iX. Defect chalcopyrite, Layer. Spinel D3->DFINIEFEL , Cd(In,Ga,,),S, % (x =0~
1) DBA . xDEEANE LT Defect chalcopyrite—Layer—Spinel ¢ L35 V™Y, 472
5, CdGa,S, Tl Cd. GaJR F233EIZ 4 B DN ER H DD R I N a/34F A M
1& (Fig. 1(a)). CdInGaS, TiZ, Cd, Ga 7 4 BefiL. In 23 6 BENL DL ER S5 Layer
AUtEE (Fig. 1(b)). BT CdIn,S, Tl Cd 2% 4 BAAZ, In 2% 6 BLDALEE HHD
2 RV FIE G (Fig. 1(c)) &78d, ARFFED HAYIZ, Cd(In,Ga,.),S, 7 (x=0~1)D
fERiBIEDIFRIZLY, Zulb MO RE F O REE L AR T 5L THDHA,
ZITIE, ZORIEMEL T, ZOZRORERIEFEREREIC OV THRET 5,

2. EBRFH

FTMARICEIEESRETFOE(LEFH D721, DTA (Differential Thermal
Analysis) ¥ &y KXHRIEIHr &% VT Fig. 2 12779 CdGa,S,-CdIn,S, AR EERK Z1ER
L7z, DTA O7= DAL, Cd. In, Ga, S D 4 JtR (HE 0.2g2E) 2 AKE( 7
mm ¢ X40mm) ICEZEH AL-LOE AV, EORBLEBANSPLCE VAR
JEIZE> TREBEOHKEN, LIZULITRI 70T, RERER DD EBIOIFE A
ElEL # 1000°CET LT TRIUSS BTz, 72720, KB E 572 O EHI AT
Rtn72LC DTA %177 (818D Fig. 4 Z8), DTA X, 2°C/min DIREZEIL T, F-
BIATE LPRBIRFRIZ OV TIT 572, £L T, DTA TRHWERHE OB R X #BREFTOE
RN, U= OUMEITIZEY, O RE LEE DI Z21T o7,

RIZ, Layer fHDfEMERERE R ATz, HBEFREIEL T, E TR EBHA THEEH
WHTDO%HT2DIT CdS, Ga,S,. In,S, DL &% A iz,
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Fig. 3 Fitting of the observed
datum to a calculated one in terms of
the Rietveld analysis. The results of
calculation carried out (a) by mixing
the layer and the defect chalcopyrite
structures (b) by taking only the

layer sturucture into account.
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CdIn,S \Se,,_ RDBTHT & X BifFHT

Thermal analysis of chemical reaction processes and X - ray Investigations
of the CdIn,S,xSe, _x, system

HAKY AR wHYEAFR
WATEZ . HE(MY) T, BRRS
*HIEKY FRELFEH F:t L
NI SET

Department of Physics, College of Humanities and Sciences. Nihon University
Tokuyuki Isomoto, Chiharu Hidaka (Komatsu) and Takeo Takizawa
*College of Engineering, Tokai University
Hiroaki Matsushita

abstract The phase diagram of the CdIn,S,Se,,_,, system (X=0~1) has been studied by
means of DTA and power X-ray diffraction. The change in lattice constants along with the
structure transformation is also studied as a function of x. The pure tetragonal phase is found
between x=0 and x=0.25, the pure layer phase between x=0.175 and x=0.775 and the pure
cubic phase between x=0.575 and x=1.

1. IILBDIC

I—M,—VI A LAY OEMEE T BT EDOMAE DT L Y chalcopyrite,
layer, spinel D=DDHINBFIET BT ENHONT WD, ZHUI T, VIFEITTEATUA
L2 iF&DIIF LIRD & A TC RV TN H B WIEAERMNOm 2 & A2 LIZL 5
bDTHb, FlzIE, Cdiny,Gayy.y S RX=0~1) EHTFF D Ga % In IJEEHZ
TW{ ZEIZE D defect chalcopyrite 725 layer % #%C spinel £ &ftT %5, TDHRT
13 Ga HUACHZ, In ASHB L URANLZ & %o CdIn,SyxSeqy—xh (X=0~1)TIZ7 =F
YD Se & SIEEFHZ TV ZEIZL WEKOEILE T 503, BT+ BIO
FEI3fiICEED | __fc;w F VEHUZZRD Cdin,S,ySey—xr (X=0~1)DiEE
ZALER AT L7z AT TIE, RESRSH (DTA) B X UHEXBEHTIEICE D 1E
SN7zF—% % LB L7z CdIn,Se,—CdIn,S, #& _JCIRREX K & FERDZEAL
IZoWTHET 4,

2. ER

DTA OFFEHI, 5 X DEIZHF LT Cd, Iny S. Se DIUTLHEDFHENT02~03 g
ERBINIFHEL, TNOEARBFBIZEZEHALLZDDZHW:, AET V)V
EAE7m, £ 40mTdh %, DTA flEIL 2Cmin D—EDRHZEIL (LLTER
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HREE L FR9) TilllE% L7z, first run @ heating 1872 THICHE % BfE L LR %
ET 5B LB 2GR L7z £DIRD second run (28317 5 heating, cooling 18F%
TRIEEREBEEOREL Lo BERE 22D L7202 thirdrun $ TB 7% 577,
7272 L. second run D#5EE & 1) heating, cooling :@FETD L 7 F A3 70— il o
TLIWVRLE, SEBE % EDNRETE 200 72D b DI, heating, cooling 18FE
TORETIZ BT A RimEEZ #@ED 2C/ min 2°5 0.5C, min ~&EL L TH
EL72 COREARTHE L72DIE X=0~025 DHBTH 5, -l ORED
0.5g LR L, DTA DY 7T U KEL 85 X H I L7z, &ZIC, DTA HIZED third
run T1§ LN 7B DOAGER X BEHTHIE 2 T VO E 21T 5 72,

3. BRRUZEER
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ZOU RN B EWEEZ SNE, T bbb
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Z & WFig. 1 2H 75 Fig. 2. 3 2 thirdrun (2
BT % heating 872 & cooling BFEDFER Z /R T 6 O E @0 600 w0 1600 200

Temperature[ T]
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(Ca,Sr)S-Ga,S; R#t —tIRREE & (Ca,Sr)GayS, iR ER
Pseudo-binary phase diagram of the (Ca,Sr)S-GayS3 system and single crystal growth
of (Ca,Sr)Gaz Ss.

HA RFCHEE
Hem OMR) T . @RS
College of Humanities and Sciences, Nihon University
Chiharu Hidaka(Komatsu), T akeo Takizawa

Abstract We have constructed the pseudo-binary phase diagrm of
the (Ca,Sr)S-Ga,S; system in order to prepare the single crystals of
(Ca,Sr)GaySs. Based on this diagram, we have first succeeded in the
single crystal growth of (Ca,Sr)GayS; . The Ce®* doped crystals are
also grown and their PL spectra are measured under excitaion of 325
nm light from a He-Cd laser.

1 F

CSt N =T L7V A)EHAFATL - NIFQENRT 57:0 EL XKD
BAEAEEWE L THEHEINTW S, 1993 12 Barrow 5 3. CaGaySs:Cedt 13 FE N
BB, 72, SrGagSy:Ce3t R BMENRWI L X/RL, BLOTHTI—F 1
A7V AHD ELENKOFEEC TR o720 [1] 72, Eu?* Z F —7 L 7z CaGa,S,
DHFERARTIZ, laser BHROBED H D (2], FEfKlaser ~NOISH b HFF SN 5,

INLOILEWI 150 EU LOEMAZ b OZ L HRESNTHE Y| 3] KIERT
YEBLN] BE7 sputtering,[4] X MBE5, 6, 7] TEIZZ#EH D EBIER T2 b TW
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Fig. 2. The pseudo-binary phase

Fig. 1. The pseudo-binary phase diagram of the SrS-GasS3 system.

diagram of the CaS-Ga,S3 system.
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Preparation of CaGa,S; films by pulsed laser deposition
REEZIMBIEREFE
RHEEE, NSES, FIRARE
Nagaoka University of technology
Hidetoshi Nagata , Keisuke Kojima and Hisao Uchiki

Abstract CaGa,S; films were grown by solid state reaction of CaS/Ga,S; films
deposited on quartz substrates by pulse laser deposition. X-ray diffraction and
transmission spectra were measured. As a result CaGa,Ss peaks were observed for the
CaGa;S, films grown in S atmosphere and good transmittance was obtained from the
film deposited at 700°C and grown by solid state reaction at 750°C.

1. IXICHIZ

FEHEORIIEBE ORI L TRTN, ZORADRIIBEFBRIIKRE K
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Fig.1: XRD curves of CaS/Ga,S; film Fig.2: XRD curves of CaS/Ga,S; film
deposited at room temperature and deposited at 700°C and solid state
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Fig.3: SEM micrographs of CaS/Ga,S; Fig.4: Transmission spectra of CaS/Ga,S;
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Optical properties of CaGaS4:Ce thin films obtained
by flash evaporation

Nagaoka University of Technology
Ayaz Bayramov, Koji Fujiki, Kasutoshi Iwai, Ariyuki Kato,
Khikmet Nadjafov and Seishi lida

Abstract For undoped and Ce-doped (3 at.%) CaGa)Sy thin films obtained by the flash
evaporation method, photoluminescence and transmission spectra and X-ray diffraction
curves are investigated. X-ray diffraction and transmission spectra of the undoped films
show characteristic polycrystalline behavior, whereas the Ce-doped tilms exhibit
amorphous one which is connected with an appearance of high concentration of S
interstitials because of charge compensation. The typical double-band emission in Ce-
doped CaGajSy films can be attributed to short-range order in amorphous state.

Rare-earth doped alkaline earth thiogallates (such as MGa)S4, where M=Ca,Sr,Ba)
have been intensively investigated in recent years, mainly due to the possibility of
fabrication of thin film electroluminescent devices (TFEL) on their basis /1,2/.
Therefore the elaboration of new technologies of preparation of high quality thin films
and study of their properties attract at present much scientific and practical interests. In
this work the preliminary results on optical and luminescent studies of undoped and Ce-
doped CaGaySy thin films obtained by the flash evaporation method are given.

Prior to thin film preparation, polycrystalline powders of CaGa)S4 and CaGapS4:Ce
were prepared by a solid-state reaction of the mixture of high purity CaS, GapS3 and
CenS3 (3.0 at.%) powders at 900°C for 24 hrs. under H)S-Ar stream. Then the obtained
powders were ground and discretely evaporated onto quartz substrates from a tantalum
boat by means of a special feeding appliance. The temperature of the boat was kept
approximately 1500°C. The substrates were heated by radiation from the boat, their
temperature depended on the distance from the boat and could be changed in the range
of 200-600°C. The thickness of the obtained films depended on the number of discrete
evaporation and varied within 100-2000 nm.

X-ray diffraction curves of the thin films were measured by means of a RAD-2R
diffractometer. Photoluminescence and transmission spectra measurements were
performed at room temperature. For PL measurements, a 441.6 nm He-Cd laser
(Omnichrome, 4056-M-A10) and for transmission measurements a Xe arc lamp were
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used as light sources. The light from the sample passed through a grating
monochromator (Nalumi, RM23) and was detected by a photomultiplier (Hamamatsu,
R943-02) with a photoncounter (Hamamatsu, C767). Quantum efficiency
measurements were performed at room temperature using an integration semi-sphere.
The light source was the same laser used for PL measurements.

Figure 1(a) shows the X-ray diffraction curve of an undoped CaGajS4 thin film
obtained at the substrate temperature T¢=490°C. As it is seen from the figure, CaGapSy
film obtained under above mentioned conditions shows the characteristic reflection
lines of CaGapS4 powder with some mixture of GaS phase. The X-ray analysis of Ce-
doped CaGapSy thin films shows that these films exhibit amorphous behavior in the
whole studied substrate temperature range. The X-ray diffraction curve of a film
obtained at Tg=490°C is shown in the figure 1(b).
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Fig. 1. XRD curves of undoped (a) and 3 at.%  Fig. 2. Transmission spectra of undoped (a) and
Ce-doped (b) CaGay S film deposited 3 at.% Ce-doped (b) CaGayS film deposited
at Tg=490°C. at T=490°C (T=300K).

Figure 2 presents transmission spectra of undoped (a) and Ce-doped (b) CaGaSy
films deposited at 490°C. As it is seen, the undoped CaGayS4 film shows the
transmission edge around A=3000 A, which probably corresponds to the CaGayS4 band
gap, whereas the transmission edge of Ce-doped CaGa)Sy film is at A=3250 A, which
may be connected with the presence of amorphous phase in this film /3/.

Figure 3 shows the typical photoluminescence spectrum of one of CaGapSy4 films,
doped with 3 at.% Ce. As it is seen, the CaGapS4:Ce films exhibit the double-band
emission with two well-resolved peaks at 4700 A and 5100 A, which is characteristic
for polycrystalline CaGapS4:Ce powder and is attributed to the transitions from the 5D2
state to the 4f (2F5/y) and 4f (2F7/2) ground states of Ce ions, respectively /4/.

The PL quantum efficiencies of Ce-doped CaGayS4 films, measured immediately

82



Fig. 3. Photoluminescence spectrum of 3 at.%
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after deposition, were comparable with the quantum efficiency of original powder (40-
45 %), but decreased down to 4% for a few days.

The results obtained in the work show that introduction of Ce impurities into
CaGapS4 does not stimulate the formation of polycrystallic films under deposition by
the flash evaporation method at least at such a high doping level.

Recently it has been conclusively shown /5/ that in Ce-doped SrGajS4 thiogallate
structure, unlike Sr2* ions which are belived to be eightfold coordinated, the Ce3™ ions
are surrounded by nine sulphur atoms. The nineth sulphuratom is interstitial one, which
is energetically favourable because of charge _compensation. The same conclusion has
been done in the reference /6/ where charge compensation of Ce3™ substituted for Ca2*
ions in CaF) was connected with an appearance of F interstitials located near the Ce
impurities.

We suggest that introduction of Ce impurities into CaGa)Sy4 thiogallate as well as in
SrGapS4 leads to (in addition to lattice distortion) an occurance of high concentration
of sulphur interstitials which prevent the formation and growth of grains on the
substrate during the thin film deposition by the flash evaporation. As regards to the
characteristic double-band emission in amorphous films, it can be attributed to the short
range interaction of Ce3* ions with the nearest-neighbouring sulphur atoms.

The cause of the degradation of quantum efficiency of the Ce-doped films with time
is not quite clear at present.

Thus the obtained results show that the charge compensation of Ce3* jons in
CaGapSy films prepared by the flash evaporation method seems necessary at least at
high Ce concentration level (for example by means of codoping with Nal® jons) and
the further investigations in this respect are needed.
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BRIEEPTIGaS, H LU TIGaS,;:Fe DIHFEARY kL

Emission and absorption spectra of T1GaS; and T1GaS;:Fe layered compounds

E MR FERKFE KIRAFSL K
g G17, PRE FZ, W JEH, Nazim Mamedov™®, ftH #k.2

Nagaoka University of Technorogy, Osaka Prefecture University*
Ariyuki Kato, Michihiko Nishigaki, Atsunori Naito, Nazim Mamedov*, Seishi lida

Abstract The temperature coefficients of exciton absorption shifts of T1GaS,; and
T1GaS;:Fe 0.1 % were found to show anomalies near 190 and 250 K. These anomalies
are considered to be related with phase transitions of T1GaS;. The undoped TIGaS,
sample was found to exhibit an emission accompanying a light-induced memory effect for
the first time. The temperature dependence of the emission suggested that the memory
effect is related with the incommensurate-semiconductor phase transition of the material.

1. [FLHIZ

T1GaS2iZ TIMBI XY (B=In,Ga,X=S,Se) =tERILEHD—>T, BEHPLEL T4
SO X 2572 B UEE BXJBORIC, TIRFRGFRISERZBIRESEZFH-S.D Zhbo
{EETIREE T DI on ¥ EEM) GBS 2R CRFBEMRMESEHEB T L
BEENTWS. 72, TIGaS;DEBTONY RX ¥y 7T RN F—(3H2.7eV THY,
FHEC 723 2.61eV IZFFTET B. LLRl, ~ A F 7 513 TlInS; & TIGaS2lZ 2\ T, Fhke F+%
WNDOBEERFEHEDOREEZIT-> TV 5.2 ZORET, TUnSHIRED EFIZ5 LRI E—
J T RN F—DETINLE—R~DY 7 b %, TIGaSiimT FA¥F—fll~Dv 7 FEE
BILTWA. F72, TInSiZBL TiZ200 K & 220 K FHE CIRER(LICHTHE—T V7
FEOEILEZBAILTEY, oz ndbDRETOEIBBEB R TIZIRW N EEZLT
W5, TIGaS2iZBL Tix 20 K 225 200 K O BIEEEFH T TlInS2 (2 /s 3 2 B LB &
NTELT, HFENRBADDITHEBOERIIS > TRV, £ 2 TEHEIZ TIGaS,
\Z Fe SORMEA AL 2T 2ET, BatkA A LR TFOEOHEERE 7 n—7¢
LT, MHEBORTFERNL VAN LE X, TIGaS2(ELF, undope) 3 £ U TIGaS,:Fe 0.1
%(LLF, Fe dope) Db FRINI L ORI 6 RERRMICEND & LI RE LRI
DWTRERFHEDOEBRI 4T >7-. undope (IZOWTIIMEBREDEVNZ LY AEY —3)
ROHDHFBEREN (T, ATV —HR)BEND Z L2 SEMHTEHAILZ. Znbd
DFERMN S, TIGaS, DFEEERIZOWTRET 5.

2. ERAZE

undope ¥ £ O'Fe dope &EHE, TENASAL Vv U HFENR 7 —pBLEHRFTT, 7V v
Vv rETERENE L0 TH S, REHIBEEICATIE S 20 um IZEBALZH D
PERALEZ. 2L T, AB2ER]L mm ORZEG Y TR T — TS, R
I TAFREZ Yy MTERY T, BE 10~290 K OEFHTRIE 21T o 72. B FRIX, 3

85
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3.1 BEFRINARY hv
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Fig. 1 Exciton absorption spectra of TIGaS;(left) and T1GaS;:Fe(right) at various temperatures.
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Fig. 2 Temperature dependences of absorption peaks of TIGaS;(lower) and T1GaS;:Fe(upper).
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Fig. 3 Emission spectra of an undoped
T1GaS; sample at temperatures
under two excitation power densities
of 0.80 mW/cm?(lower figure) and 270
mW /cm?(upper figure).
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Fig. 4 Emission spectra of a TIGaS;:Fe
0.1 % sample at temperatures
under two excitation power densities
of 0.80 mW/cm?(lower figure) and 270
mW /cm?(upper figure).
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TIGa$, undoped 25 K Fig. 5 Emission spectra of the undoped T1GaS,
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L—HP—T7 T — a3 VEICX 2RFER. BazNaNbs;Os HiE
D MgO Bf5SRER E~DER
Preparation of Ba;NaNbsOjs thin film on single crystal MgO substrate
by pulse laser ablation
FORERRY B
A 2. JmR MR, M MR, K O#E. BAX i
Science University of Tokyo
H Hamamura., M.Takayasu. N.Hayashi. S.Ando. T Tsukamoto

Abstract Ba;NaNbsO;s (BNN) thin films have been prepared on single crystal MgO
substrates by pulsed laser deposition method using BNN ceramic targets. BNN thin
films were obtained high oriented c-axis and small surface roughness by the x-ray
diffraction(XRD) and the atomic force microscope(AFM), respectively. The
chemical composition of films was analyzed by electron probe micro
analyzer(EPMA).
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Table I The growth conditions of BNN thin films

Laser KrF excimer laser (248 nm)
Target Ba;NaNbsO,s ceramic disk
Substrate MgO (100) single crystal (10X 10<0.5' mm)
Target-substrate distance 35 mm
Laser energy density 1.67 ~ 5.00 J/cm?
Repetition frequency 7 Hz
Substrate temperature 400 ~ 600 °C
O, gas pressure 100~300 mTorr
Deposition time 100 min
ball mill ball mill
(99. 9%)
i TP RPN AN PN NN
g igi gl 1gl Ligt gt Yiat Tgidigl-:
(99. 999%) L3
Nb205s [~ 900°C 1350°C
(9. 99%) Zh 6h
Fig.1 The process of BNN target preparation
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fERL L 7= BNN #fED L —H—= 1
N X —BERTFHIZE B XRD /35 —
» % Fig2 \ORY, BEWRIBE L BERYT = -
ZEIFZENEN 600°C, 100mTorr & L - . =
o L— TR E—EES TS 0, oupeesmn o || €

&, BNN EEIT c #hicEREmT5 2
EBRbroT, —F, Mtz —3
— I X VF—FENMELS 2 51T LML
FEMAK»L TN, L—Y—x X
VX —F EMEWF A I EIR O
M EFEEFRMARKD S T 5 DIT . BNN
Z—7y hHROETRDAEKIESH
BERNE2DZZENRREAEEEZD
nNbH, LEN-T, L—YP—x2 R )LF
— BT 5.0 JVem? R L EZ B
5,

Diffraction Intensity (arb. units)
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Fig.2 XRD patterns of BNN thin films deposited on MgO(100)
at various laser energy densities.
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) ICKRELSEELEZ D VDT,

(a) 100mTorr (b) 300mTorr
Fig.6 The AFM images of surface of BNN thin films prepared at
(a) 100mTorr and (b) 300mTorr
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MOCVD#kiZ & 2 Big R &R F BIE
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Preparation and Characterization of SrBi,Ta,0,
Thin Films by MOCVD

KRR - B
GRELE, DRk T, 2k AR, SR AR
Science University of Tokyo
Makoto FUKATSU Jun ITO, Shizutoshi ANDO and
Takeyo TSUKAMOTO

Abstract SrBipTayOg (SBT) thin films were grown on Pt/Ti/Si02/Si
substrates by the Metal-Organic Chemical Vaper Deposition (MOCVD)
method. Crystal structures of the thin films were measured by X-ray
diffraction and surface morphology of the thin films was observed by
scanning electron microscope. The chemical composition was analyzed

by electron probe microanalysys.
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U—Z%SEMIZ L HBIE L7, Fig.1 Schematic diagram of the
MOCVD system.
Table I. Optimum conditions of MOCVD.
Temparature Carrier gas flow rate (Sr/Bi/Ta/O3)
Substrate : 450°C 1st step 0/100/0/100 [sccm]
"AE - 170°C 2nd step 75/0/30/200  [sccm]
Sr: 125°C
Bi : 150°C Deposition time
Ta : 40°C Ist step 30 sec. (Bi 1st layer 35 nm)
07 : 170°C 2nd step 20 min.
Pressure 10 Torr
Substrate  Pt/Ti/Si02/Si Anneal 800°C lhour in Op
3.EBRIER
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(a) as-deposited. (b) after-annealed.

Fig.3 Surface morphologies of SBT films.

4. &%

MOCVDiEIZ & D Biflfiga A 2BRERIR 7 o X = A5 2 & T,
JEE#9260nm D | F 1T BLAH DSBT# EAES S5 2 SI1ZREN LTz

AWFFRIT KD . MOCVDiEIZ & % BiflHif4JE % F UL 2B B D AR 77 0 = 23
SBTi# R = F 83 B B AR FBRDIDOTH S Z EAHEA LT

SE XM

1) T.Osaka et al., Jpn. J. Appl. Phys., 37 (1998) 597
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(FIILER « N T7 V)V —Fwry—) GHNERX

Contribution of Dielectric Properties on Ionic Conduction in Superionic
Conductors

K. Wakamura
High Tech. Research Centre, Graduate School of Material Science,
Okayama Univ. Science,Okayama700-0005

The electronic and lattice properties of superionic conductors can be related to such
specific behaviors as the monotonic decrease of optical dielectric constant ¢ - and
band gap energy Eg with increasing temperature, rapid decrease of those at the transi
-tion temperature, small electronic conductivity of Eg value, etc. Based on Penn model,
we understand these by considering the d-electron near the band gap, the tailing of
electronic band edge, and an enlarged average gap. Dominant contributionof ionic
character of frame ions on ¢ - and of disordered arrangement of mobile ions on Eg
value are suggested. For low activation energy, we point out a dominant contribution
of large polarization relating low Eg value and low frequency of optical phonon.
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HWP % 2% #12 X D {ER L 7z ZnO:Al #RDBER - KERE
Electrical and optical properties of ZnO:Al thin films
using Helicon wave excited plasma

BURARZF - HE TER CRGERKRE - B LEMAER - ETFEK
BIIHE *HiEAE RRXER

Institute of Applied Physics, University of Tsukuba
*Faculty of science and Technology, Science University of Tokyo
Akinori Hayakawa, *Hisayuki Nakanishi, Shigefusa Chichibu

Abstract

Helicon wave excited plasma (HWP) sputtering can operate under low gas pressure
and has high plasma density compared with other general sputtering method such as DC
or RF magnetron sputtering. And that, this sputtering method can lessen the sputtering
damage bring out from exposing plasma, because growth chamber separates from
plasma generation unit. In this study, ZnO:Al thin films were prepared by HWP
sputtering method. To investigate the influence of target DC bias and sputter gas
pressure, electrical and optical properties were studied.

1. Lol

CulnSe, (CIS) R ABEMITKMHAKGERMBE LTHEEHINTEL, 2
DEELEEHIE L, M. TN JIEEMEDOHEDIED SN TN S,
ZEER AT 5 CIS RAGEMOEREDR LiIZiE, RIEZZLDE
THSEERBOEMRBEILPLERRTH 5, £ T, ANETIE. BEME
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FAGELOEE/AEZHIE L
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EENDBEVWEDORIEDRH S, ZZTHAIXVE—-IN 7SI THD, D7
ZARICHARGEE BRTEITH AN IV ERIE 7> X< (HWP:Helicon Wave
excited Plasma) Z R/3w & IZ#EA L. 1997 EH 5. ZnO:Al EEDIERRZEIT >
T&R% SROERTIE Zno:Al FIED Hxz 2 KIKENL, @ Ea% L% HiE
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2. KRG

AEEBRTHEM L7 HWP A\ ¥ K& Figl ICn-dT@H. VE—FTIX~
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GaAs(100)E4K E~®D Zn, Mn, Te(0=x=D)EEHB I
ZnTe/MnTe #B# F® MBE £ & #F-1fi

MBE growth and characterization of Zn, Mn,Te(0=x=1)
and ZnTe/MnTe superlattices on GaAs(100)

WHRKE THH BEXEFV AT LA L¥H
IARFE, REMA, RTRER—B, SBB—. MEFE, kK #
Depertment of Electric and Electonic System Engineering,
Faculty of Engineering, Yamanashi University
Takayuki Suzuki,Tomohiro Kodama,Ken-ichiro Matsushita,
Yoichi Nabetani, Takamasa Kato and Takashi Matsumoto

Abstract II -VIcompounds with Mn ions introduce magnetic character into
traditional semiconductors. We grow Zn, MnTe (0 = x = 1) alloys and
ZnTe/MnTe superlattices on GaAs(100) substrates by MBE, and characterize them

using RHEED,XRD,PL and PLE techniques.We also observe PLE peaks due to
d-d traditions in Mn?®" ions and quantum level transitions in the superlattices.

1. I XL®IZ

TA RN Ry vy 7R 0&RE p M R—¥v U 7 M A[FE72 ZnTe |2 Mn
ZE A L7 Zn, Mn,Te FE R L ERIT, BEFOFEERT N4 2T L
WOHLWERZHEATLIEDIZ, FILWEZLV Y ho=2 2DEE L
THEBZEDTWD, 2NV Zn, MnTeld x<0.86 THRMmEnG. (ZB) &
BEDIENAMONTWEN, FFEEERESKIETHD MBE 1L ZB #
EOTHERNASZ LIZE ) 2MKEET ZB MENAIRETH D, A%
TiE. GaAs(100)E AR E~D BN FiAEE Zn, Mn Te(0=xS 1)RBAB LV
ZnTe/MnTe 8B ¥ F® MBE k& & §Fli 21T - 7=,

2. EBRFIE

GaAs(100)E ik bz F iR EE 280~340°C TRMREAFLAEE Zn,_ Mn,Te (0=
xS 1)RBdEE L O ZnTe/MnTe 8B F #/FR L. RHEED #1%£3. XRD. PL, PL
2 (PLE)R L ORI 2 X7 ML 2 RIE L, 30 L7, ERIIMERT v F
YU FNTwF o L%, LT o= AR TUE L TREEEIC
vy L, REBEEFTHRELZ, KEKOE—LT7F v 7 2BF)IX.
Zn, Mn,Te 2DV TiX Zn & Te @ BF % Te/Zn BF tb=2(BF,,=5X 107Torr)iZ
BEE L. BF,=(0.1~9) X 10°Torr & Z{t ¥ 7=, MnTe & VEE T TII,
BF,,=(1~2.6) X 10"Torr, BF,,=(3~6)X10*Torr. BF;=(4~10)X10"Torr T
»5,
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MBE #12X% GaAs/Mn/GaAs DYFEREFF4H
Epitaxitial growth and property of GaAs/Mn/GaAs grown by MBE
HWRELIRY LEHRs
=R AR MR (R
Faculty of Technology, Tokyo University of Agriculture and Technology
Ryuji Misawa ,Yoshitaka Morishita , Katsuaki Sato

Abstract In this work, we report on epitaxital growth of (Al,Gaj.x,Mn)As/GaAs,
GaAs/(Alx,Gai.x,Mn)As/GaAs heterostructures, and GaAs/Mn/GaAs multi-layer grown
by low temperature MBE. The novel GaAs/Mn/GaAs styucture resulted in a higher Mn
concentration than (Ga,Mn)As prepared under the same growth condition.

1LIIL®HIZ

Box DI ROEK BHNL, EFOEMEAL L OHREERIZE>TETIH LY
2RI NETIZRNWT SAZAM B R R T2 2L THD, KELIX, BEN-E
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(Ga,Mn)As BRBEMERIMEB 2R3 282 RUVELEEN, ULosL, 20 Rt ERREIR
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IGaAs ZBE/ERLUIZ, ERLZREHT, RIEEE FREII(RHEED), A — =
B H(AES), X #REHr (XRD), £EFEFBRBSE(SEMICLVEHML -,

GaAs/Mn/GaAs % B&E(Fig.1(a)ix Ga,As,Mn D& vy ¥ % Fig.1(b)DXHI1ZB
PALCTIERIL, R &MZFICIZL TR S 72(Ga,Mn)As L DR EDIEVMZLS
Mn OEVIAHZBDE{LE EDX IZL->TEHiiL7-,
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GaAsbufferlayer .

—Mn |

GaAs(001) substrate 0

Fig.1 (a)GaAs/Mn/GaAs multilayer

SHERBLOBE
3.1(A1,Ga1-xMn)As,GaAs/(Al1GaMn)As /8

RHEED £ R0, 7797 RBRE LY
Mn/(Al+Ga)=0.05,0.10,0.15 £L7z&&, T
Al A x<0.7,0.6,0.6 TRR)—272(1 X 2)D /%
Z—UNEAIESN., TEEXR LR TAIE
byt 2O X 2)DAR) — 71T Mn B2 EE
I BIZETRSIRNDZ Lo -T2,

AES HIEDFEF. Al IR x=0. 5 D x D
IMZEST Mn REDHEMNTAEmAHHZED
DN, ZDZEMND Mn X Ga P AREDH Al YA
KL BHEINDGLDEE Z NS, Fig.2 12

Mn/(Al+Ga)=0.1 (233} Mn 8 B D Al #RRIK
FEE R,

XRD RIEFERI S, ¥)—72
(AlyGai1xMn)As 23 L TWOBZ LD RS
U(Fig.3). BIENLELNTZ(ALGa;xMn)As
DR&F T & Vegard DERNIE->TEHHLZ
(AlkGaiwAs DT EEEDZENS Mn DEY
AHBEFATFER, B KT 10%F-2EITIA
Tl EMTEDZEN D37 (Table. 1),

Table.1 Al #ARZIZRT 92 Mn BEE K71

Mn

-~Ga :
g —As
20 s B e 60 sec
OREHERS — 4 2
1 T T T
8- i
:\g L
® ‘ 1
r
% 44 [ ] ¢ ® .
®
= [
2L 4
= Aloé?)ntcn(g'g Vet

Fig2 (AL,Ga,,Mn)As [ZH I+ Mn RED
Al AR &k EFE

= T T -

r GaAs(00 x=0.4 A

L Ko 1 ( 5
7 [(AlxGar=Mn)As B e
I Ke g
el

g f— } ; t i
o}

i GaAs(00 = 1
20 Ka 1 *=0.5 |
& | (AlxGal'xMn)As " GaAs(004)
=r Ka Ka 2 1
2k : : —
i
arfr GaAs(00 x=0.6 1
0 - Ka 1 i
+ | (AlxGa1=xMn) GaAs(004)

B Ker & Koz
= i 1 1

= T T =
r GaAs(00% - 1
L o x=0.8 |
(Al=Ga1l-xMn). GaAs(004)
[ Ke 1K AS\ Ka 2 1
i . ;
64 65 66 67 68

20 [degl]
Fig.3 XRD spectra of GaAs/(Al,Ga,Mn)As

Alcontentx  alAl a, [Al Aa=aa, Aala,[%] concentration
(%]
0.2 5.6765 5.6549 0.0819 0.387 7
0.4 5.6824 5.6564 0.026 0.46 8.5
0.5 5.6856 5.6572 0.0284 0.502 9.25
0.6 5.6864 5.65798 0.02842 0.502 9.25

108

with Mn/(Ga+AD=0.15



(Al,Ga;xMn)As Rzt ZF L p/LEREL TV UL, £0 LI GaAs b7 ¥+
IR T HZENTE, RHEED /37— 13 Mn IBEMMEVEE (1X1)E72D, Mn B
EREWEE(1X2) ol ik L8 GaAs DFEH SEM 28R LR, H—
72 GaAs/(AlGaMn)As/GaAs =EHMERCE7-REICIX, REFRFE A ALN
(Fig4(a)), LML, BFAREAIZLDEARINFT A4 Aol —HFTEFF T vILRL
XN TV (AlkGaixMn)As EiZ GaAs #fEAZREIOFK EIX, MnAs D=7t
R &ERERENDZ D bo7-(Fig.4 (b)),

4 e -‘;:.
" (a) GaAs/(AlosGaosMn)As TGao.sGao.zMn As
Fig.4 GaAs/(AlGaMn)As D& SEM &

3.2 GaAs/Mn/GaAs ZEIK

[GaAs/Mn/GaAs) 350 iR D
RHEED 2L -> CEDOFBERT1T-
7o, 5 JAH, 120 A H, 350 A D
GaAsfgix, ZnEn(1x1), (1X2),
(1 X 2)DARR) =T 8F— U PRI S
N, TEFX Uy LR R LI,
Fig.5 |25 /8 GaAs(350 B L) D Fig.5 RHEED patterns of GaAs/Mn
RHEED /8% —%7RT,

F¥7- EDX LA TE BT ORESR P D Ga JRF 100 (2% 35 Mn JR £z 77
fER. RESRBZFRICELIZIZH D 05T, GaAs/Mn/GaAs £(Ga,Mn)As TIEAT
FHDIEIN Mn 2 Z<BVIAA TNAHZ LN DA o7 (Table.2), 72721, ZAUTH<ET
HIEEDEMNIED Mn OEVIAABZ ERLIZFERTH- T, EDO Mn REDEL
IIE 2 TR,

(@l[110] zimuth (IT10] azimuth :'

Table.2. EDX Ik EESITFER

JTH HERE[%] 20 [%) RFE
Mn 0.02 0.12 0.05
Ga 48.31 0.70 100
As 51.67 0.70 99.53
(a) GaAs/Mn/GaAs
TH HERE[%] 20 %] AP
Mn 0.00 0.00 0.00
Ga 44.32 0.63 100
As 45.68 0.63 95.92
(b) (Gao.es43Mno0167)As
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4 FEwm

INETORZEDS AlGaAs IZMn ZRASEAHZEIZL-T, Mn BB EZ 10%F2
EFETH& EFBZEITHIIL, i EREDRIL GaAs/Mn/GaAs %/E& GaMn
As #ERIL T, EEDITIZL - Tl E DOHIEDEWNILS Mn BViAAR E% i L7z
FER. AIEDOERRAABNRKEINT L2077,

235 3k

[1] H.Ohno, A.Shen, F.Matsukura et al, Appl.Phys.Lett.,66,363(1996)

[2] Molecular-beam Epitaxy Growth of (Al,Ga,Mn)As Diluted Magnetic
Semiconductor, A.Tsuboi, K.Sakai, H.Suzuki, Y.Morishita and K.Sato
The 3:4 Symposium on the Physics and Application of Spin-Rerated
Phenomena in Semiconductors,B7(Sendai,Nov.1997)

[3] I#iEREMENEIR(AL GaMn)As ® MBE s ;53 JE. & T #E
5B 45 [FIS Y PR B EE A 5% = (Mar. 1998)
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NIEBIOIEF % CulngSeg HEDIER

Physical Vapor Deposition of Hexagonal and Tetragonal CulnsSes Thin Films

FER RS BTN T Seimat o
FHRERE, N EER, AR, MREsZ*

Abstract Hexagonal and tetragonal CulnsSes thin films have been successfully prepared by
physical vapor deposition. A hexagonal CulnsSes thin film was obtained via the reaction of
(Cu+Se) and (In+Se) layers. This hexagonal film had a layered structure with a fivefold
stacking periodicity of Se. For an altemative deposition process using (CulnSe,) and (In.Ses)
layers, a tetragonal CulnsSes thin film with a ccp of Se was obtained.  From examination of the
Cu,Se-In,Ses pseudo-binary system phase diagram that hexagonal CulnsSes is a stable phase
and tetragonal one is metastable. The growth mechanism of the hexagonal and tetragonal

phase CulnsSes thin films is discussed from a crystallographic point of view.

1. 3CHI

SERPER AL TIERIL 7= Cu(In,Ga)Sex(CIGS)EIE 2 E 2R KB EMIZAH VLN T,
SERMEARE LTI, BB1EEMEEL T (InGa):Se; AR T 5, H2BPE CTIE£D EIT Cu-Se
B4 HERE L IR OMEA Cu @RI Cu(In.Ga)Sex 127 2, F 3B RITIZZ D EIZHU
(In,Ga)-Se A HEFE L TR AEHLEL A T (In,Ga )@ FIFA AL 0 Cu(In,Ga)Se. (2§ 5, T 4 I
TOHE2EMEIZB UV TED A (In,Ga).Ses [KMa7/VVHLA ] — CulnsSes [[ERA] —
Cu(In,Ga)sSes [A4T4Mi]— Cu(In,Ga)Se; [#Van'A74Ml] — Cu(In,Ga)Se,+CuSe D L5
(ZEAEL ., RIFFIZFEABRLL RELRDTEE RV ZLTZ (1],

ZNHDMDSE Cu(In,Ga)Se; X° Cu(In,Ga)sSes HENE[3, 4[I2 DWW TIE T TIZFE ~ 1L5%
M7 EZIT > TD, L L72ensh CulnsSes FEIEIZ DUV THEENELS | /s &Iz oW
THRAZRZED B,

AHFZE TIE CulnsSes EIEDERIFIEIZOWVWTHEIL, REHEBIRELFSFZD
Culn;Ses HEMEDIERUZRIH L7z, A& Tl i%ih%OD%Hﬁﬁ)f/Fﬁztif&%é%ﬁm@%% ‘Wz
DWTEEL, ENOLDEEORE AT =X LTSV Tk

2. KRRk

CulnsSes EMEIIMoza-bT=Y-4' 7450 72 EIZ AR E S50 C T2/ DR E IE
IZEDIERIL 7=, WD J5 1L sequential process” Téhd, ZAUTLIEZRE{EIZ LD CulnSe, &%
DT oA % EARIIL T, F1EFETO InySe; EAIEESRMLVEEAL T, K&z
EAALRL A CulnsSes (27258012 T B H1ETHD, 2D sequential process” CIEEL 7= CulnsSes
ENE%E sample a £ F 5, ZOTBEADIBEINALFERITIRDLHIZ75,
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1/5 In,Ses (55 3 EXP) + CuaSe (55 2 EZBE) + 24/5 In,Ses (55 1 EZP%) — 2CulnsSe;

9 — DM} &L “shutter control method” TH b, ZDHiEF Cu,In,Se D E— L7 S
w7 A% CulnSe; BB LD L HICEKEL T.CuDE — 22— ERFEHERTESET
CulnsSes AR 72 D L D12 T B HETH D, T O“shutter control method” T{ESR L 7=
Culn;Ses ##% sample b &7 5, BE S HEFIIKRDO KL H 12725,

2In.Se;+ CulnSe; + 2In-Se; + CulnSe, + 2In-Se; + CulnSe- * -+ — n CulnsSeg

3. EBRFER

Table 1 [ZEPMA THRIELT- sample a & sample b D FHAR A /RLT=Z, sample a 121
T (/(In+Ga)=0.04) GaZd & FILTWDMN, ZOFRE D & TIZNEDROHME sl & 2228
L7V, ZOEDIZ sample a B sample b b CulnsSes DFHRLA R D2 E03307)35,

Table 1 Chemical compositions of CulnsSes films
Sample  Chemical Composition (at.%) I/Cu In(Ga),Se; (mol %)
Cu In(Ga) Se

a 0.82 5.0 8.1 6.10 85.9
b 0.98 5.0 7.5 5.10 83.6

Fig. 1 |Z sample a & sample b DX [EHT (XRD) B A~ L7=, Fig.1(a) (ZIL/E Y72
[FHT e — 2 A BEES I, ZNHDOXRDE — 2(Z R 5 EA RO CulnsSes (c=32A)D 001 R —
7L THREMT T T 520 HkD, £7-. Fig1(b)ISRL7ZXRDY — ZIL1E F fh % 0O B #%
T-(a=5.73 A, c=1144 A)IZESWTREMITT2ENHKS,

Fig.2 2GR EOE 7 #E P47 (TED) X
&R LT=, IR sample a @ TED /X% —> (a‘) ‘ * ' ' C;_Kva
LA MBFRD CulnsSes DENIE T (a=72 A, c= N
34 A)IZESWTHREMIT L, F2, ARl
sample b @ TED /3% — 13 XRD /3% — > &[alk#
IZIE HdhFR D CulnsSes D ENLKE T (=573 A,
c=1144 A)IZESWTHRET T T2F 0K,

Fig. 3 |Z sample a & sample b DF&F- {4 ~L
“o ZOBFRTHESILTNWDDESe DR T
TN THDHEE 2 DILD, Fig. 3725 sample a TiE 16
A B AR OSEHEEN B S AL, sample b TiX
YUY 72 705 M5 FedE (cop) SN BLEE S LD,
ZNHDTEND sample a 1 XS RO E(LE 1%
FfH . {ABCAB}Z##:ViR 753 B it &4 FE AR
LU, sample b [FEESFMBRDENIK 2L, Fig. 1 XRD patterns of sample a (a)
(ABC) 0> ¥ 5 #E Tl & S ALy @nd sample b (b).
LT NNl

008
0!

Intensity (arb. units)

220,204

112

312,116

20 (degrees)
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Jone Avis [01 0] Zone Axic |} E

Fig. 2 TED patterns of sample a (left) and sample b (right).
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Fig. 3 High Resolution TEM micrograph of sample a (left) and sample b (right).
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4. =

b

Fig. 4 |Z Cu,Se-In,Se; R RREX A7
L7z, ZH &R AHE CulnsSes DLEEFMILANT 1000 F
fh 7 DB PRAEEZRF DT LN onb, ZoZ
sample a S ZEFATH Y, IEF fAFR D sample
b (THERFER THDHIEN DD, T TR
', "sequential process” T EFENHFOIL,
“shutter control method” T & % %2 7E ¥ ©
CulnsSes MEFHLILZD THAID TDILE% : : ‘ ‘ ,
AT A7) Figd [ZHNDLER{LED O 6 70 80 9 InSe
DFE SRS Table 2 [ZEFLTRLEZ, = T SR dabes{(mot )

= . "sequential process” TIE In,Se, JED Fig. 4 Phase diagram of the Cu,Se-In,Se;

e pseudo-binary system & : CulnSe, (chalcopyrite).
WEIZEVREETD Cu,S .Se. DIRIGE ,
IR RIETO CuSe & n,Se; DIRIGH B : CulnsSes (stanite), 1 : CulnsSes (layered
P77 B ATHY, | “shutter control method”  stmicture), 6 : CulnSe; (sphalerite ).

TN anAT7 4 ME&EZEFF> CulnSe, &
In,Se; DE ST LY CulngSes AT AT B EATHSD,

900 r

Temperature (C)

800  /

700

Table 1 Crystal structure of stable phases inthe Cu,Se-In,Ses pseudo-binary system.

composition region stable phases Packing of Se atoms
In,Ses(mol %) Cu/In

50 ~ 57 1.0 ~ 0.76 CulnSe; (chalcopyrite structure) ccp {ABC}

67 ~ 78 058 ~ 028 Culn;Ses (stanite structure) ccp {ABC}

82 ~ 90 022 ~ 0.11 CulnsSes (layered structure) 5 layers {ABCAB}
100 0.00 In,Ses(defect wruzite structure) hep {AB}

Table 2 % R.5&(In,Ga),Se; —Culn;Ses — Culln,Ga);Se; — Cu(ln,Ga)Se, &AAA
oAb BB FRILAS S & DBLEND R 5 E Se DEEFIAS In,Se, O hep 25 Culn,Sey D{ABCAB])
D 5kEH#EE R 2T Culn,Se, & CulnSe, D cep (228§ DiBFE THD, “sequential process” (FZ
DN 2T DT, BEMENELNTZHDEEZ 2 H1D, ZHUZF L T shutter control
method” IZZOFRNEFIZH =0 L RAcT 2 LA HED, Se @ cep #iEEFFS CulnSe, &
In,Sey DTS Tl Se DEAEEZ LS IR T A MEEZFFDOIEFH &:RD CulngSe, 7315
LbIIbDEEZBID, ZOEINT Cu,Se-In,Sey RO EMDFE M IEIL Se DECFIAEAIZ
729, BRROBRIZIEZ ORIHAEE THD,

HEE AW TEEATPE = v Bt O —FR & LT NEDO 76 EFE 3N TEfi
L7 b O CERESALICE# 5.

R BN

[1] S. Nishiwaki et asl., J. Mater. Res. 14, No.12 (1999) in press.

(2] T. Negami et al., Jpn. J. Appl. Phy. Part 1 133 (1994) 1251.

[3] T. Negami et al., Appl. Phy. Lett. 67 (1995) 825.
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| Cu,ZnSnS 7 # 5 K 5 B 1th O 5 5
Development of Thin Film Solar Cell Based on Cu,ZnSnS, Thin Films

EMTEHEEMER BKLFER
FrAa B Rl
Department of Electrical Engineering, Nagaoka National College of Technology
Hironori Katagiri

Abstract Cu,ZnSnS, (CZTS) thin films were successfully formed by vapor phase
sulfurization of precursors on a soda lime glass (SLG) substrate and a Mo-coated one.
From the optical properties, we estimate the band-gap energy of this thin film as 1.45 -
1.6 eV which is quite close to the optimum value for a solar cell. By using this thin film
as an absorber layer, we could fabricate a new type of thin film solar cell, which was
composed of Al/ZnO:Al/CdS/CZTS/Mo-SLG. The best conversion efficiency achieved
in our study was 2.62 % and the highest open-circuit voltage was 735 mV. These device

results are the best reported so far for CZTS.

1. IZLC®IC

CZTSIZ. CulnSe (CISHIZ B 5D TLHRInZZn,Sn T, AHEMITHSeZSTHE
LT 2T 71 MEGEZRDIEEMLERTH S, AMEIDEGII1.4-1.6 eVE
WEI N, KBEMARINEORBEMBEICHD TIEWETH D, 51T, KKK
ZEIT10°cm ' BT, CISICILE T 2IFEDRERMEERT Y, ThEDHEN
ML, AMBENEREAGEMAEARNEE L TEETHDLIEERLTNS,
EINARFE - FHEZIESIT. BEFE—LZXN v ¥ IEIZKDCZTSHE O MESIT R
L. CTOEEBEEDATOESICLIONEEHYRE, HATUDTHREL
TWw3a"Y, F7-. Stuttgart K FFriedlmeier 51X FIFFRFZFIEIC K DERITRINL,
ZnO/CASEBB EDHEBHET23%DERMRERE L T1BEY, AMERET
1Z. E-B&E% - IMHRILIEIC K BCZTSHEIBEDEREZERL TWS, INET
12, 530°C -« TR DFAL R M TIER L 7=CZTSH#IR %= AV, BFAKREE3I72mV,Z
BN R1.08%ZHMEL TVBY, LaL, BERICHBITS I XS BERE ORI
ZMHZ, ROZX D KRBEMEEBREEL TAREYTHS., T I TEHE T,
550C * 1R DOFRIERH TCZTSHEREZER L . SREFMEITo2, I 51T,
AIRERMHIT K D CZTSHEE % AV /2 A1/Zn0: Al/CAS/CZTS/Mo-SLGH1& D K5
BT, THHNR1.46%, BIEF4SmVEHER L=, /-, SHETESN-
BEEEMEREIIBSmVTH o7z, TSI, BEREBEE-BRS - KMMILEIC
SDERLERKBEMTIE. ZMBERTO Ny T5—4 L5 EBH5182.62%
NESNTVWDS, KFFRIL. FPE - FEHTEL2I LRV, AEE - BF
HARGEMDORREEZBIELZHDOTHS,
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2. CZTSHEE D EH

E-BE# « SHF LEICEK D, SLGEMo-SLG EICCZTSEE A {ESLL 7=, 150
CIZME L2 EI2ZnS,SnB X UNCuzRE L, BES L h—Y &Lz, EE
DERITZNZE. ZnS :Sn: Cu=1.00:0.636:0.409 TH 5, Typel 2B X UN3ID
BEODY > TIVEERL, TNTNDOEETRE#30004,4500A,6000A & L
2o TNEDOTLH—H%E, NAHS(E%)DFEHKH T, 550TC - 1K RREFOS
HTHIET DFICEDCZTSHEIRZIEHR L7z, B OS5 NICZTSEEDEEID,
Typel 2B KX R3IZT%F L 0.95um,1.34pm, 1.63um TH o 7=,

3. CZTSTERE O 1
i

Fig 1L IC/EBLBIE DREIERIXRD/SY — > RS, TN TOEETCZTSD(112),
(200),(220),BI)HEICK ST HE— IV NEERTE, 7ATI51 MEETHH Z &
WHEREINZY ., L. Type2B X3 BNTCu-Sn-SREHEINDE—
HERIN TS, ZHd, KRHEADOEINCK U, BRI RE L=EN
JRRTHBEEZEND,

SEMBZRDER XD, Mo-SLGEMR & EEDOMICHAL RiFE@BDSNT, Mmx
T, FIBORZINBEREEFIFEU EEEBITRKRENW EDERINTND,

M/ RS A
A

ERLEIE DRI EEg 2 BN T 572, SLGEDCZTSHEIRD B RB X
DRHF AR MIVEBIE LTz, Fig2il, a*hv FHEZRT, £ETOHEKIIBWN
T, EBERIOHMETI0'om' 28 2 2 AR EZRLTWS, £z, 5
DEGERD DINE Sl E DT EM D, Eghllds-16 eV THEOEWMETES,
NS ONFENRMIT, CZTSHEBENERAGEMARNEE L TR THLE
THHZEZEZRLTNS,

CZTSHEDEMR 2 NRHHEIEICL D, MK ZEPMAIZE D EIEL
7=, Fig.3 + Table [ IZINSDFERZERT, REBEIMIED Cu/(Zn+Sn)tbd £
H. ENROBOVHRTES, BB L I—YOEELIZ—ETHD I &0
5. BRENENType2,3 TIIF LA R DDIZ, BEAHRATCUZHERDR
BABENERINTEZEZEZ NS, TbE. RHEL L DCu-richBDFE
T, Cu/(Zn+Sn)tb D L& - MPAROBONELCZHDEEZEZ TS,

4. KbEtEH

Al/ZnO:Al/CdS/CZTS/Mo-SLGHIE DEE R EM Z R L 7=, Mo * ZnO:Al
WX ANy ZIET, CASIZCBDIET. ANSEBERICKDER L, AM-1.5, BN
E100mW/em’®DY —F—2ab—4ZHW0n, BR-BEI-V)HIEZITo 7=,
CZTSH#EED LM Typel,2,3F N NDI-VEEHEE DfE R % Fig4lZ/R 9. TableI 1
FigdM b HERINEZT—YERL TS, INSDKRBGEMDEREE EFF.
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N, WENELS 221 LMo TRIICKEINTWS, LML, AREE
WFEEICH U TREDEMZRL TS, XRIEDNENType2,3% V7= K5
B TIE, Y14 —REERGESNTHRENL, ZHE, R X SIZCZTSHE
I & M2 & A5 M2 Cu-rich/&/Cu-poorf@ £ 281t L. TEEMATIT D& EHiCu-
poor/E DEE T, KGEBMOEFIEFNNIEEITEE o7zl EEZ 5N 5,
¥z, AR TORESHKEBEEILI3SmVTH o7z, ZDHERIL. CZTSDEg
ﬁk%%m@%ﬁﬁt#ﬁtﬁm@f&éz&é%bfméo
WHEREBROBEEM 2K 5720, SERBEE-BERE - [HLEIC

&%@ZW%E@W@%ﬁoto7Vﬁ VEEFEROSnESnS ICEBE L, &
B EARBEZ, ERDISOCH 5400 CETLERETEZ, 2L, L AH—H1E
B TOSEEROML - BET LV I —TORTHEELHOREZBRE L
JmFEETHSD, FigSiZ. FIERTEIC X HCZTSHEEZ W= KIGER DO 11 4F
HERT, %M%EQZ%N\E%%%QEMJmmmf\%%%%z&%ﬁ%
5NTN5S, ZOEBMEIZ, EMERICBITLIHEDOD N Y TTF—FTH5,
LU, FEMS54% EEVWVEICEEE > TWVWB Z ENS, KBEEMEEKRTO
BIEPIREDNES EEN S, CZTSHBO X S5 5BHEMEDED, BHE. &
WA BB RTPEI X B5KAEFLZBAL TV 5,

5. k&

E-BE¥E - [HFMEIEICK DCZTSHIRZER L, IR KGEM =R L
7o FDRER, %%%M%Enmw R LB R262% 05 54, CZTSHEIR
@t&ﬂ@tbf@f IR NDOEIERIETHIENTEE, I5R55
w b7z, SEBEEROBXNRENEZHREL LTRSS R0n, B

;;D\ﬁ&m% BEMICHEE D LR WHTRE R K EEIR O o] RE N
RSNz,

H

AT, FRINVEEERMTEFRFFAERE L CEBEINELE, KM
W () RHBER - () RMEAE - byF (K 0BRESAICREH
7=UET, MRS THhnziZniz (8f) 1‘1%)!!77/1“')%%%%%*%;
BHNWZLERT, AFFRO—ENL, ) PEEHEBEMHAFET - () X
AFHH ORI ZZ T THET., BRESMITEH N ZLET,

2 E SR

[1] K. Ito, T. Nakazawa, Jpn.J. Appl. Phys., 27 (1988) 2094.

[2] Th. M. Friedlmeier et.al., 14th European PVSEC and Exhibition (1997) P4B.10.
[3] H. Katagiri et.al.,Solar Energy Materials and Solar Cells, 49 (3) (1997) 407.

[4] H. Katagiri et.al., Proc. Power Conversion Conf., Nagaoka (1997) 1003.

[5] H. Katagiri et.al., Proc. WCPEC-2 (1998) 640

[6] JCPDS card 26-575 and 34-1246.
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Type 1
0.95pum

X-ray Diffraction Intensity (arb.units)

112

200

220/204

116/312

Type 3
1.63um

Squared Absorption Coefficient x10° (cm?)

1.8

1.7
Incident Photon Energy (eV)

1.2 13 14 15 1.6

Type 3 112 Fig. 2: The squared absorption coefficient versus
1.63um the incident photon energy of the CZTS film.
- 15:0 -
. 9 116/312 < =
: 101 200 2201204 3 o
J{Ln.-lm . “m h[\;hh.nn.p‘-mﬂ!‘umn ,--;..ru-n il bl JL 2, . ,n., i é 100 ~ '.
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Diffraction Angle 26 (degrees) % Type1 J
Fig. 1: XRD patterns of CZTS films 8 5o | 0.95um § Type 2
with various thickness. 5 o 1.3dum
g [ 4 ®
© i B
S W'y W > S
10° 1 ols Type 3
= 1.63ym
Voltage
2 \ {09 ge (V)
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= @ 07 = Fig. 4: llluminated [-V characteristics of CZTS-based
Z 1% & thin film solar cells with various absorber thickness.
& D6 Table II: Photovoltaic properties in the [-V characteristics
Voc(mV) Isc(mA/cm?) FF(%) Eff(%)
107 : o 05 Type 1 415 7.01 50.3 1.46
08 1 12 14 16 18 Type2 425 3.41 265  0.384
Film Thickness (ym) Type 3 525 1.53 26.6 0.214
Fig. 3: Dependence of the resistivity and the 16

chemical composition on the film thickness.

Table | : Chemical composition of CZTS thin films

Cu(at%) Zn(at%) Sn(at%) S(at%) Cu/(Zn+Sn)

Type 1 22:8
Type2 232
Type3  24.1

14.3
13.3
13.1

12.8
12.7
12.5

50.5
50.8
50.3

0.823
0.892
0.941
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Lattice dynamics and interionic forces in perovskite-type ionic conductors

M M .Sinha * and K. Wakamura
High Tech. Research Centre, Graduate School of Material Science,
Okayama Univ. Science,Okayama700-0005

We calculate phonon dispersion relation of perovskite(P)-type superionic conductors
by de' Launary angular force model under the assumption of ideal P-type structure
and employing of mobile ion interaction. The results interpret the difference of phonon
energy depending on compounds and also normal modes dominated by the vibration
of frame ions and mobile ions. Based on this, we obtain informations about interionic
forces that exhibit a consistent behavior with the relationships between the short range
force and transition temperature and also between the frequency of longitudinal mode
and melting temperature.

(*On leave from Sant Longowal Institute of Engineering and Technology,LLongowal,
India)
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BFETx /) VOSBOBMBY LFRTEZ, BB RIY” ElEs— NEEZ
XA ET 24 L OBEMNELUNIZAEEIL SN TS FE2RLTWS, o
T, 5T A4 4L OMEEE— ROELE ML FETX S,

RIE S NTZIRENE — Pk LA B8E— FORENE ) b4 TV RN Z KD
AT, A 2 [, RI8hA L B0 EREEE 1 fs & K EREE S LT D TR 2B E
TAENBED biz, Z ORRIZBEICHRE Lizfs 81 TV RER~DEBIRE
OB IV /A & DFREG) L ITlRD TEAMTHY, AglrSe. TR.HN
T- {7 (6) BSABA &L EEEO—RHIRB L L THRIIEEREND,

LEREEER Tab. I force constants employed
W D ?&bhé P —@ﬁ/( ﬁy%%ﬁﬂ:j&j Tablel:VaIucsoffarCf constams(lo’.dyne.cm“)

LTREb LURGG D —HitEE <7 Do

RET B, CsPbClL,TIEAEEIZIXCI-CI, P

Pb—Cs, Pb-C1, Cs-C1 D EREEE /1 2 BV A o (PbCl) 450 4::9

M2, FAFIZNT LY v 7 ZERA Cow e

LAl HE“{EJ\@Fitting [ .:]: 15 Ez’bf‘_%ﬁ% (Cs-Pb) 10.00 10.00
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a,(CI-C 268 e

o "9‘_0 119 a/(Cl-Cl) 243 e
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Fig.1 Normal coordinates of CsPbCl Fig.2 Phonon dispersion of CsPbCls
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fs=u w 2 7 (Z*e)/3V fL=y o 4 n (Z*)/3V
Ag.SBro B E R L ZFig. 3l T, ~
AgSTH & HaNy Fizxt L TikTe
UETAET U RARBML, b
Y RTHEBALLTWVWE, ZoFIF
A FT U ONITEBA 4 IEME
TR TRy, AIEIA F UM
DAHTHELSBR2>TWVDEHEZRLT
Wb, TORFEBEBEDOFERE,
A R E BT B 5., GaAs,
KCI TR D A 2 > M 71 % 83 E »
LRz, TOBMENT DD
BELEXICHEHDZIE—EHEEZ T
L,AAVvHEANBEELZICH R
STWHAENOL”NBE, > TER
Dfs& fLORD |WIIEBA 4 & SRR ’y;
EHRIZREBOTHY (7). LIAETNIZ# TEMPERATURE(K)
HEL7-MAEERE L2 EESH T Figl fs and fL values versus T for Ag:SBr
HB, fsiTBA LT VEEMR~DTC
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references : 1.W.Schommers,Phys Rev.Lett.38('77)1536. 2.P.Vashishta & H Rahman, Phys.
Rev.Lett.15('78)1337. 3. A Fukumoto et.al.J.Phys.Soc.Jpn.51('89)3996, 4 M.M.Sinha & K.
Wakamura, 12th Int.Conf. on Solid State Ionics(Greece,'99). 5.K.Wakamura,Solid State
Commun.82('92)705, 6. K. Wakamura,et.al.J Phys.Chem.Solids57('96)75, 7. K. Wakamura and
Y Noda,submitted, 8 M. Aniya & K. Wakamura,Solid State Ion.86-88('96)183.
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Light induced memory in TlInS; semiconductor ferroelectric

REFEIFHEFERFE KRAFLKRFE - THFEE*
PR, SHEAST. NMamedov™, FIARAME, SN, LA T*
Nagaoka University of Technology, Osaka Prefecture University*
T.Yanase, D Kanazawa, N.Mamedov*, H.Uchiki, S .Iida, N.Yamamoto

Abstract

temperature (~15K) after an above bandgap light irradiation of TlInS,.

A new photoluminescence band at around 495 nm was observed at low

The light

induced PL has a memory effect for thermocycling process of T;(~15K)-Ta(~

40K)-T;(~15K). It was found that the memory effect survives in the thermocycling
of T,=210K and vanishes for T,=218K. This suggests that the memory effect is
relevant with a structural (normal to incommensurate) phase transition of T1InS, at

~215K.

1. XC®ic

TlnS, IT@REE L HOFERKT
Y., BEEZEKTIHEDHZ L TEH
BN O IEE S FA(~230K), MFEE
(~195K)~ B EFEB T I ELRH D
nNTwWbd, Zo/faEEr. FHE
FTIX Co BRBEMTILCLTH
Do Flo, IRWEFH HR (ZIRT
2393eV) A FFOXERTHL H VR4
RICABEEINIMEITH D, £
DOXFFEIT B B — FKERRE 7 Rk
IZOWTIIIRIE T 2.57eV, KF——
TS E—RREIT OV TIEIR
T 237V TH D,

TlInS, (ZFEERFEIZHE D FED -
FRRMHICHEL BN TIFES N
T&7, FHAIX, TlnS, /R KF
Yo7 XD bEBERONEDORBIE,
KIETOP LBAIEDEEIZ, 2.504eV
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Fig. 2. Temperature dependence of exciton (@) (C).
donor-acceptor pair (4A) (A), and light-induced ([J)
(B) photoluminescence intensities in T1InS,.
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Fig. 1. Photoluminescence spectra of TlInS, at 16 K (a)
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Fig. 3. Schematical picture of phase transitions together with SHG data for our samples, and
pholuminescence spectra after diffent thermocycling runs. T; (16 K)-T,-T; (16 K). The phases included in
thermocycle runs are numbered as 1{WF), 2(F), 3(F), 4(I) and 5(P). The temperature T, in our experiments
was set at 80K, 180K, 210K and 218K. The SHG data in the inset show the phase transition at ~210 K
between the centrosymmetric, SHG forbidden P state and the SHG allowed I state.
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Growth and estimation of ZnX/MnX(X=Se,Te)
short period superlattices on GaAs(100) substrates

WRKRFZTEBERETF AT L LFER
aH Dh, REMA, seAFERE, @G —, MEEFE, X &

Department of Electrical Engineering, Yamanashi University
Isao Ishibe, Tomonori Kodama, Takayuki Suzuki,
Youichi Nabetani, Takamasa Kato, Takashi Matsumoto

Abstract ZnX/MnX(X=Se,Te) short period superlattices are grown on GaAs(100)
substrates by molecular beam epitaxy (MBE) and are characterized by in-situ reflection
high energy electron diffraction (RHEED), X-ray diffraction (XRD),
photoluminescence (PL) and photoreflectance (PR). MnX(X=Se,Te) in the superlattice
structure is confirmed to have zincblende (ZB) structure by RHEED analysis. The energy
gap of the ZB MnSe is estimated to be 3.4eV at 13.5K.

LIX L ®HIZ

REtE -8RI, BitEA AV ICRTET DR E— A b ERHERE RS RO
YRE¥Y U TOREV-A U RBHBERZRA L2 LOWBEREFT N1
ZAMELE LTHB SN TWS, T4, MBE IEIZ X Y ZnMnSe/ZnSe 72 £ DR
AEK/FEREE B RO R E BB ENMER I ND L DIk~ 7, AFFETIE
JEWNEEHIANE 2 FF D I -VIFE -8 (K ZnSe & MnSe. 3L X ZnTe & MnTe DB
F® MBE XEIZ DOV TilR %, MnSe & MnTe D /3L 7 f&dh TIXE L Z 4 NaCl
&L NiAs BEDNRERERBETH 20, KT (ZB) #ED TH EIZ
MBE £ TR S ¥ 7@ EMER T ZB EEZREIZEVFBIZ L eEmT R A F
—KHEFHREY (RHEED) DOF OFBETHIE L., BETORMEEZER ML
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D IFRITE TEFAM L 7=,

2,526
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GaAs(100) T, REERT v F ¥ v MILBILFZ v F o T ERMILT v E= U AR
RO ZHE L7, 60 AD[(MnSe)/(ZnSe),] & 120 A D[(MnTe)./(ZnTe),) & %
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III-V diluted magnetic semiconductors - properties and future prospects -
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Department of Physics, Tokyb Institute of Technology
Junji Yoshino

Abstract Properties and future prospects of III-V diluted magnetic
semiconductors are presented in terms of “spintronics". Origin of
ferromagnetism achieved in GaMnAs has been discussed based on its
carrier concentration dependence of magnetic properties. Preliminary
results of iron-group-ion-doping into GaAs have been presented.

1. I
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=TE LA OIIR L3RE
Research Activities on Ternary and Multinary Compounds
—Past, Present and Future—

REGNBZERTE  RHE #HZ
Nagaoka University of Technology Seishi lida

Abstract: This report reviews last decade or slightly longer
period activities of ternary and multinary compounds here in
Japan, which were mainly presented at annual and autumn
meetings of Japan Society of Applied Physics. Current trends of
the activities are checked from annual activity reports of our
group for recent years and from the advanced program of
ICTMC-12. Problems to be studied in near future are described

by comparing these past and present activities.
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