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ANANA T A FREEFEROHITEORHRIR & RE
Present status and perspective of researches on chalcopyrite-based magnetic semiconductors
REBELIRFDE R T L T¥EFR
1 RS I
Katsuaki Sato
Department of Applied Physics,
Tokyo University of Agriculture and Technology

Abstract Present status of researches in chalcopyrite-based magnetic
semiconductors are reviewed including studies in our groups as well as recent
problems in bulk ZnMnGeP, crystals. Perspectives of chalcopyrite magnetic

semiconductors are briefly summarized.

1. XTI

FL72 575 Mn BH#2 CdGeP, IZB W TEIRMBMEEZ RN LT b 3ER o, %
D 1% ZnGeP2:Mn>*, Zn0:Co," Ti0,:Co’, GaN:Mn°, ZnTe:Cr.” 72 & THV OV TEIRFREE
HERRC ENTz, 2N6DOHFIZNE, RHCEMOFEENLT LLTETER2NE 0,
FEEM L ERTHLLEETERVLDOLEH AN, HLWWTA A LAZBEWZZ L
XEEVZ2 VY,

FI=Bid, TOHROERPRELZBE L ThLa A T4 M RBEELERDTFEE
FEETHIZE-STWD, AR, FATZBIZT A 2L 2 & L, CdGePy:Mn JEEDE
U D FBA TV D, HITIZ 72 > T CdGeP, #IED MOMBE AR B FIREIZ A > T & /2,
F72, FIFFIZ MnGeP, EEOEEMRIZHOIVMBAA TS, ZOMXTIE, THET
DGR RET D LEHLILABORBERZLRD,

2. WvanA T4 MEERD D OERSGHE

FL7-H1E., HH) CdGeP, B LN ZnGeP> (2 Mn ZHERB LEEENT 52 L1k - T Mn
NIIETREZBBRT D THAD L EZ T, BHiFMERIZ Mn % 400°C F2E D IRE THE
T oEREITo, ZUz kv, ZRU L CREMZ R THOGFEELZRH L, =
N5 DOEBRTIE, Mn HREFIZ 205 REEED Bl 21T- TRV, ALa 474k
FRd# B WVE AN a1 T4 MEEFEOEEZR ST TMn OBBRNEE TWDH I &
NHERB S NS,

AHAGE, BEEZ MBE 5 < /3 — L SN E VW in-situ OHEF 227 bv
BIEICELY, FA72H0 Mn BN 1t 2288 L7727, £ Mn Z2HE L2235 HE
FARY MVERIE LT & 0.2-1.6 nm HERERHZ XA SR EEDMS)IZB1T 5
Mn (ZEBIRY 72 2T ML R 5D, 3.2nm UL EHEFET 5 & DMS $F D Mn D 2
A7 RVITHEBE L. £BE972 Fermiedge DH D HEE L 725, WIT, 15 nm HEFEHZIZ Ar
AF VAR ZILE>TBERELTVWERDBLHETF A M ERET DL, H
VNTERWIMAN R L TWB N, 2,8y 7203 20nm BREEATZ & £ (2 DMS %48 D Mn
DAY MPERENHZ EE2RH L,



F-. ANV ABNCERTRON-®BEENE T O 2)—71F DMS BED
Mn BPROENZETRN Y LERBELTHIEEAEEDLIDPRVWI &5, AR
IZHEH Nz Mn 253 DMS B SBHMEDRIRT 2 EZ 5N 5, AES XL 200°C
TRIUERRZIT o725 Mn L ZnGeP, RIZ A S o= LR LTW5, ZFEIZ D0
TlE. MnP BB DA T DAY MVIZR SN TV RN,

Cho 5. /3)V2 D ZnGePyMn Z1EE L, 42K & W KB TREHE. 2L ET
BRREE (Te=312K) THBEFEE L 6 HHIE. 1130°C LW\ H R D EWIRE T
FLEE L 7= L TR EER L= A= 558 MBE F = > )N—HC ZnGeP, BRI
Mn % HEFE LIEEL L T ZnGePa:Mn Z2A% L7z & S DERBE (X 400°C T, i h &
BICT AL RHEED BREB Y T4 IR DEMEIIHAND & 2REBLTHB D A= BIF.
RILDFHIZB VT Cho 5 DHSERFIRE 47K D5, MEZI N T W5 MnP ORISR
EONZZLWI S, MaP HOEEMNSEDODNZ LBV, T<KRITIZHR D, Hwang
51 NMR IZ & D /3)V 27 D ZonMnGeP, iZ1E MnP DR FEMMEDISENTNWB I L 25
DT LT a7z B B LRI AR D CdMnGeP; 3 & U ZnMnGeP; D EFR G IZ & B 1E
BE2To00 RETERVWENESEN. B—HOBKRIESATHRNE M,

PES T, AINVTIA A NE—FHD CdGeP,:Mn, ZnGeP,:Mn %15 % /= & D{E R
<. 400°C &V SRTIERT 2 & BHDITHEDE & 2 aA8EMEAE V. Mn EED
H—T, DPDOHE—FD CdGeP»:Mn %5221, KBETOEBIERZED B LHED
HBo

Fh7= BlE. CdGePyMn ZERIT 2 7= DFIEEME & L C. RN CdGeP, © MBE %
EZHATND’, Cd, Ge IZDWTIEERY —2 2 K-EIUDSEFE L TCHB L, P I
DWW TIE. TBP (tertially butyl phosphine) & WA BA#EERMAEZ 7 v ¥ JE VI L
D P& Py&nD 2D VSURE LTHHEE LT W5, Cd DEKED & 12 HEAR
BEPSVWEAHE LEBREREBETEDNS DT, 200°C (TiEDEEREE TEET 2
WENRDH D, MEEFTDE A, EDX THWN LI-MpktidbtZERMER>» S E T
NTW3B D, PLHIETIE CdGeP, DFEE BN —rBESNTWB, IRTE, TBP
WE. IV DT, BRBEELREDNNS A -y 2BELT2ERZED TS,

3. HigEtE :

I-IV-Vo AV 3281 24 NMZCBREEITEZEBALE & EDab-initio /¥ RETEIL.
Z L DMEZFIZL > TITHNTE 7z, Freeman DY)V — i, Cd;.Mn,GeP, IZ BN T
L RBRRE DR ETH D I L EBYICRE LS S 5I0Z0%M SIS 7 & Ty
DI & > THRBMEDNRET B VWO REEH L=,

—7. Zunger D7 )Vy—"71F, Mn Z Ge Y1 MIEOLFAITIIZERBHEEERIC
L BBIGMEDPEAFTCET B L, ZOEDITEA M FAZA N IPRSDOTALLEL N
SEIERRERE LTV BY,

BT, RES TNV —7TlE. ROEBETEEN\Y FEtEFETH S KKR-LDA #HE
D Z > 7 L BHEDIBEDEIEFE T H 5 CPA ZilAHADE 7= FE D ab-initio



HELD. EADBEBRRMRED DD BEHIEUEDIRELTEI 2R TND
PUCDOHERRPSHHEBIZWVWZ BT t (T, Mn DSEEMIC 11 fEY A hEBHILT
b, EEMEEFEIR L RV D, T, Re. TEILR EDH 5 L st P RENT 5
VWD THD, ERR,IIV-V, B354 54 MIESR L h I OBMRBRZES
B EMHMSNTHE DY, FRADREBT B AN LI L BMEEORRIL. 4ot
CHBBILTHBEM ZTOEEALE, ARHEOZA N FAANVDOTNIZETZT
ELEBERENEEN S,

4. AN 2314 54 FF MnGeP, (ZEFET D0

AHSIZ XD in-situ D XPS #FZEIC L L. Mn ZIEEL L 7= ZnGeP, D& FRETITIE
Mn, Ge, P52 2EBHILEE > THED, ZXv Ty FLTWIZHES T, Zn
MEEEDSIEHN L BARAYIZIE ZnGePy & 723 % — 5, 4 D Mn HEFET D RHEED Z D1
B TlE. Mn iﬁﬁdﬂ@‘o &IV aISA 5 A NERID RHEED /8% — U DMRE=TW
DT ¢ BRREMLIZEA)N 354 54 M MnGeP, BT E TV ATREEDI ZE W,
£ 1REEED>S \;@%giﬁﬁﬁﬁt?ménfmémo

%’fﬁ#%i MBE &2 & % MnGeP, DIEEL % A T %o Mn, Ge, X [E {4 —
2, PIXAHEE TBP DXUA L LTHBT A &I2 L b, &if. GaAs(001)FEAR EIZ
Mn:Ge:P lEDNFIFLFEEROEIMER I . FHEE XRD 7 51d. GaAs D 004, 008 [A]
RO T < ZIFIT, PElRRr—BREIN WS IRERITFT T, EEMERE
MIEFESNTWRWDS, ANV SS 24 MEEIZBELUDOEBES TV S ATBEMEDS
BV BB, ERELUAEZRTHEBEMEME T S 2R LEN, BREEHMRIFNE
Dol IORDPIAFTZEDDFETDH 5,

5. 5%DEE

INETOFEZBUC, F=BlE. ANV T/54 5 4 b ZERBUME L BERDOERE
EIEE T DICH 2 TWB, EEMEDH BT —F 2B27-0DI2F, EFEFRWERIFER
Mz & b ZFHOTHZB AN Z 2588, BLU MED EHEOHET MY O H 11T
DHELOEFNS, REOIEY XS v )VEEOERICL D, 751 AADEEDNH
B EMEEL TV,

512, EHROIZFEIN TV BEBBRTERMN LIV, R EEROAFEMLEIC
HHELL TV D EEZTWD, ZDEDIZIEFY A ML T4 TR =Y VFE
DIWESLHEFEN S,

HEE

AL F B 13-15 EERF BRI 75(A))FEE S 13305003 DAL ZE =T 7=,
F. COMEBIZERELARE 2 A COE 7Oy = s b MF RKEehily o—BL
LTIToTW\Wd, COMEIZH 2> Tk, BERE - GHITE. (HEKRFE). FHAHM -
BtokER (KIRAKZ). S36LFE - =pia (FHibkZ), AfE (MFE%). G



Medvedkin * V. Smirnov (B 5= 2T K2 /loffe Institute) AIEFESE - FEFIE - HIE=HE -
WEIETE « kIFB— (AEEILKE) OZBAZWEFWE, J2ICRRET 5.
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EL device using nanocrystalline silicon

RERXRFEFFERFHN=L 7 ba=7 xFFH
TR ERE
Tomio Izumi

Department of Electronics, Tokai University

Abstract Nanocrystalline silicon (nc-Si) was formed on the Si substrate, when the film, which
was deposited on Si substrate by co-sputtering of Si and SiO,, was annealed above 900 °C. In this
paper, the process that nc-Si was formed from amorphous SiOy was clarified in HR-TEM
observation and an analytical ESR. We report that visible RGB color EL is obtained from the

nc-Si, when the sample is treated in HF solution.

1. (T ®HIC

1990 4E(Z Canham (A XU X)) BAHR—F AU 2 (PS) »HIRVIREIILEZEIR TEHAI L
P2V, FNLUR, T A= BMAY A XD SLITIHEFT A ZAMEIE LTEB &, #Ex
DFETER SN T/ Si(ne-Si) DB 2 o729, Lozl (KENES/E CHEbd
EORELZENZFRTELD X, WEEEREIA TV,

TODE, Si & Si0,PREANR Y Z ) I o TYERIL 72 ne-Si T, 10VELTFOEET
TRk BOIFAEEMELETICRAIED Z LK Lz, SEIE, 20 ne-Si D
BT & F DR IEE L PR RD Z LT B,

2. nc-Si OIFAK & I

2.1 FHBHERKL

nc—-Si ¥, p & Si(100) ZEMR EiZ, 5mm? D

SiF v 7 ESi0ERFIZANNyZY 7L,
TNTUFERERF T, 1100C, 1 BEFH 7 =—
NTBZEWC Lo TR LR, REHERKIZ il

COOLING WATER

Si.SUBSTRATE
RGET
= Timisio,]  exHausT

iV B OISR Fig 1 10RT, A8y, =08 | e
YT E o THRSNETELT 7 R —]

S0, 1, 7 =—/MT k5> TEER Si0, 127 o

Do T & RFFIZHRE Si MEEE L ne-Si %

HRd 5. Fig.] Schematic diagram for the RF-sputtering

apparatus.

2.2 BEOIEREEIRET HAMSE (HR-TEM) B122 L &7 R v° 1 3608 (ESR) I E ©

2. 1 i TR L7=RB 2T =— L LA s, TOMRREZR L2 E# HR-TEM TERE LT, €
DREM2T =—NMBEICBIT 5 TEMBEFERE Fig. 2 177,

IRE % OEEIL, 7TENT 7 AEETH o7 (Fig. 2a), 7 =—/WEE% 500°CLL LI
T2 &ES10, IS 7 TR —DARMICERT 52 F 7 X FOEEBAE U= (Fig. 2b),

—5_



ERE, BENTORTFE S BRFNPELLENE, FNERFIZSI RFIXEE LIBD, &5
(2. T=—/MEEZ 900°CIC BT D & FEAICERK 1. 5nm D Si KL F AR S a7
(Fig.2¢c)o & HIT 1100°CIZTH &, # 2.5nm @ ne-Si BEELFEHREN, LNLEET
»Hoiz (Fig. 24d),

(@) (T=R.T.)

10nm 10nm

() (T=900°C) — (d) (I=1100°C) ‘mm {

Fig.2 TEM images for the samples used in fig.].

DEI, HR-TEMBZE THWEREB L R UERHETER L7 B O ESRAIEZ 1T o7, TD
FER% Fig. 31277,

Fig. 3a &, g=2.004 & g=2.001 ® 2 FEFFD ESR FLNSRAREEZDOEE TH D, =
IT e IS HFHLERTTHY, BRABEEEZMD I XA TEELREK THS, —&
IZT7 BT 7 A SE MbIE, g=2.0055~2. 0060 DEARTSI L7V 7R K (DB) &K
falz & 2 ESRIER (a—F L) BNEAIESND, ZDSi o7 ) Ry ROFITERFN, 0
JRTFH DL ST BTN L > T g BITELT 5, 0 RFEDEENEL BT LIZN-T
g EITENFICY T N5, AIEEZOEMNIZIE, 7720 %< D00 R FE2FEIIH#EIZH -5 DB
KL Si0,NOEERZEMIZER T2 EFLBRELTVWA LD THD, ZoOFREEzT=—
NLTWL &, E-F0IT 400°C THEME L7z, 72 a=F0D g BN 500°C b mWn Fic s 7
FLTW& 700°CTT7 /N7 7 A Si HD DB XFa? g fE(2.0055) 1272 > 7= (Fig. 3b)s &5
(2 900°CIZ70 5 & 3FEFRD ESR EF Al 47z (Fig. 3¢), T72b 5, a-H[s (g=2. 006) .
p, P02 (g=2. 003 :Si/Si0, RENCTFET A Si L7 7R F) . p, FL (g=1. 998 :nc-Si
REEFEDOGEEETOREEMICHEEINZET), ST =—VEE% 1100°CIZT 2
Eoa FOIEEA L, p-Fila & pFONTHER L, a-F OB Lz (Fig. 3d), 2D p,~
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FONEB SN DBETRED 7+ M IRxy BV APL)EE (=2 EKE 780nm) 732
Az,

L EDOREINSERAIE D ESR FLDOAEUEE, g fE, PLEALREDT =—— WBEIC
3 B2t #% Fig. 4 \ZTF7,

:({? T T T T !
= LA PL Peak :
‘Q. — ]
Si 16 @
g=2.004 §=2.001 >
G
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_,.___.__,__,__...«—/_\ £
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0- O il ' + " 1 :
(2-006F" P HOO—0
s -
(b) 700 °C. 3 feeeogooo®
2002 ; !
\/f"m L2 o o B
~+.998F ,
972006 | g=2.003 N 3T P : ;
{c) 900 °C l £9=1-998 = @ a-Si0 , O a-center [ P,-center
@ - B E'-center AP -center

n
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(d) 1100 °C

-
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Spin Density (s
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Annealing Temperature (

Fig.3 Typical ESR spectra for the samples used

1 o2 Fig.4 Change in PL intensity, g-value and spin
in fig.2.
density versus annealing temperature.

D EW, REE 7 v BEKIRRAEIZ L 5T ne-Si RERBD Si0, KEBREL., LD Si
Wk F% Si EREFERBICERIES, ZOMLIIZ L > T, PL BEIE5EET 1 MLl EHEML
2o FEiz. ESRBIEM DL, p-Flr& a=FLBREII, p~FOLBEMLIZ, 51T,
A IE FTIR) BIEN S, 1100°CT =—/L LIz KBNS BRI STV /- Si-0-Si DRI E°
— 7 (450cm™!, 1100cm™ ") i%, 7 v BAKBEROAE TR Lz, TN ERFFIZ Si-H D —7
(2100cm™ 1) D3 FT 7= BB & Tz,

3. ELT /A ZADER & 3 JREHN

Fig.5 {2 nc—SiELD OEE—E iM%~ T, KD 720Z ELD D BIiE#EE DS % A
L7z, BULEE IO v BKERAEE L7238 (ERITH 1 pm) O EEEMRIZIL, ZAE
BTH D IT0(Indium Tin Oxide) & FV /=, ITO BRBIL, BB A Ny # U o 7 iE%& AW T,
nc-Si RENIHEFE S ¥/, ITO EBOEEIL 200nm TH o7z, —7F. ELD D TEREBRIIITT
NI=h (Al) BV,



BE—ERAIERL LN EL AIE ;t Al

%ﬁifﬁl%ﬂi ITO ERAlZAIC 4oo,.,....|.‘,‘,... S
0L 7% JESGm & Uiz, EL (EJ% O After HF treatment

3501 @ 600 °C ® -
%, AR F 7 2B NT F v X - A 900 °C

AR %S (HamamatsuM5098) % T
EIRTIT o7z, SEFEFRRITT7 4+
VA ELD [N D EFHTEIDZ &
WL o TRDZ,

nc—-Si DRIEFEH A XL 7 /@JK{H’(&
SR L B VAL DR E LR AR B X
DI LITE - THIEI LTz, Z ORIFES
Mz &> T, 7R(670nm) - #% (550nm) -
HFE (410nm) DFEIERE LT, EIEFE
JEIZ 4. 0V(FR) ~10-0V(F) ThHbv, £
B2 T 240 FERILL oD HGE 3EE & FERD
Lice Fiz. FRERHCEL T4
MERFICHE Licdh &b, BIHRE Fig.5 Current density - applied voltage characteristics

Volitage (V)

WCEALIZR b e o7, of anc-SiELD as a function of nc-Si particle size.
nc-Si particle size O : 2.5nm, @ : 2.3 nm,
4. F&O A 1 1.9nm

YV aroiEANWTIREDOEIENELI, T OFRCEEIER I N,

FAOMEE LTiE, EERARICAT T, BAREDS LR LR LR -FE - FODOHRNBED
H— (b2 BLERH D,

H—ZMTRB BHELNDZ b, EWEFRINNT—T 4 2T LA 72E, WA
AT INA Z~DIEABEZZ 60D, L ZDERICITIERDEERS 2 €D EEFA
TE, AAMINUCHZMMETH D, S HIT, REICOCS LWT NS A E L TERE =X
NE=FRNPO S, REEEGHMEE LTEAGShD b0 L MET 5,

S
ABEELDDICHIZY B2 ITHEEWETEWEBRBERFORGILERE, £/-.
HR—TEMBRED ZHAEWIZWTZ(BR) B A = AV 257 A XD LB R KR E LI
BHNZ LET, EHI0, EBR-FEHMERICE I L T IE LR EH R FEFEFHEES
IS 2 LETS,
B35 R
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5 1 R EEIZ LD CaGa,S, DAFHIIEE OREHT
First-principles Study on Optical Properties of CaGayS4

BB HINBARAR THh=r AT A REE 5~
BNEAN
Masato Ishikawa
Photonics Device PlojectDept C01p01ate R&D, Yokogawa Electric Corporation
TFERE BEL #@fi‘?‘$‘l’
o LPE s

Takashi Nakayama
Department of Physics, Chiba University

Abstract Electronic structures and optical properties of wide-band-gap CaGa,S4 are
investigated by using the sub-unit model systems and employing the first-principles
calculation. Reflecting the arrangement of S-atom decahedron networks, there appear two
one-dimensional parallel bands in higher valence bands, which are made of bonding and
antibonding states of S-p, orbitals. These bands induce large optical anisotropy along the z
direction and become the origin of two strong absorption-spectrum peaks observed in
experiments.

1. FR-HW

la fR& 1 frE VI RO A EHOE N6 D{bE M CaGa,S, 1E, /S FF vy 7l 4.15eV T
HONFRFEEZTRTIER, Ce RBu N =7 TALETHHEDRNVEAEZTRTIENLKT
NAZRELTOISABPHEFEIN TS, [1-3] LOLZOHMEOER  HFAIMEE IOV TOHE
REOBFRITVEZREN TV, ZZTHA B —FREHEL AV TZORII OV TRE

%??07;0
BE . 3TTD{bEmItE {Zti@ftaaTgl_ IV~ —T 2 VML= L LHEW T = A E T A
DML lfiﬁb\(CdGagSm %)% CEILEE T AR EE T T I MGIL TS,

FLTEDHFRIEEIL. Lﬂ@@ﬁ/&')/ifﬂ roTHEMMTTONS, [5-7] LAl
HEEMNaED Calllrbeé, ﬁ%a%%i%c AT, Cam8EfLIZ/eAF A T —RKERT,
T, FEFEITIEANSIEE LR ST A=A LTI TEEZRIIN TV DES
265,

2. FHEFIE .

CaGa,S, Dfdbt&iE% Fig.l (I 7, Fig. 1@ICRAAIDIC, SEALDOCalR FITFTERIT S
FFE2FD 10 @K, 4 BRALDGaRFIZEHED 4 @IEIZEEN TV, ZhE[001] 5 Ens
A=A Fig(b) ThD, Ca FFMNHFLNIVVD 10 EiEIE, [100] M7 AL E T2,
ZLTE 10 mEEERVET IO Ga [RF R F LIV D4EENELEL TV D, £OREDIL
513 Fig.1 (c) D(b-1). (b-2), b-3)D 3 I THD, LIZAT CaGa,S, DEMIT, 14 FF
@ SubUnit (Ca JRF21&. Ga JRF 4 8. SRF 8 &) 2% 16 fﬁ*aﬁiof Test 224 BEDRF
THEMEN TV, 20 224 BEDORFTEEHEEZITOOIIRE TH D=0, LEEOFERIE
EORHEREEVIA AT SubUnit # AW TETIRREBOFHEZIT),



SubUnit DET /WL, WECHEMEAND 1 5 (F121E Fig.1 (b) DR FREE) 7 HEVHL
=, 2D X7 SubUnit ZEHAEL TEHEZITV Y, & SubUnit THELNZRERICHEIET 50K
TEIZ DWW TRENT 21T o7, LIATHRFEEFT L, ROMIFEICERETHAOTEEDINE
L72B, VLA LTZ SubUnit (3. A4 CaGa,S, & BHEIZ3-DDELAZ AN LSRR DS
NTWBDOT, BIEONFRMEEIZEAL TUIR U FREEZ > TNBEEZE XTIV,

HEHETERT Uy WEERBWES 1 REETHD, ZOFET/UNEE ., B
FE FEAKERD, TLTELNCRREZERBRIEL, KERFEOAH =X A
WICDOWTEEERIT o7, [4-7]

(a)

[0 :Caatom
:S atom higher
@ S atom lower

[oo1]

[100]

Fig.1 (a) Schematic crystal structure of CaGa,S4, corresponding to 1/16 of the unit cell. S atoms are located
at the apexes of polyhedrons and surround Ca and Ga with decahedron and tetrahedron arrangements,
respectively. Only ridges of these polyhedrons are shown in the figure. (b) Sub-unit of CaGa,Ss viewed
from [001] with CaxGasSs component. Upper square planes of two decahedrons, (a-1) and (a-2), are
displayed with broken lines, while four S tetrahedrons, (b-1) to (b-4), by solid lines. As shown by
3-dimensional representations in the right, two of these tetrahedrons, (b-1) and (b-2), are directed to [001],
while the others, two (b-3), are to [100] and [010].

3. R

BoNT= RS R Fig.2 (a) (2, BRHE E DRI IOEO NI/ RS DR Eh72 8
% Fig.2 () ITRT, REFDLEEIIICARTDsEEESIRF Dol ED RIS A IKBED /N
RO, FEICIXGalR T Ds#liE & S IR F DOp#liB DR FERIRED /SN BFET B, 2D 2FEE
DR RDOALEDEVIL, CalRFEGaRF D B D= 3 /L¥F —|Z LV Eh 5, Fig2. (a)
WZRBNAIDINZ, WTNOANURba RTINS 2 EITRLNZ,

MEFHD/ R, SEFDOpELED FEEIEREEIZ L > TERINS, MEFHRx _LiFD
XK (V) T, BE Ga BT RAVO4AREKZEM TS S BT DO puBIZEFR L TWDHT,
SEUTNE, THUIXIL T, e £ B2EF B E4FEB OUR (1, VIIX001) 5 AICKE
BOBETRT, 2200O/F0 NS COEREEY Fig.3 |2 $, & 10 @MAOKRTEL,
WZHASEFOpLBEICEFRLTD, FLTpEuEIX001]5F I 1 IRFTTAIICESEL TVWDZ
EMGy DB, T, [001] AN KRER SRR FOEATHD, Tz, V,0ERIT S [RFH
THRESR., V,TIE S BFREI TR ML TS, 2FED. V, V, O/ Rix 10 & KAEY
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(a) ()

Fig.2 (a) Calculated band structure of Ca,GasSg sub-unit. 'X, ['Y, and ['Z correspond to the [100], [010], and
[001] directions, respectively. (b) Schematic band energy diagram of CaGa,S,.

() (b) (c)

[001]

(001}
(€]

I —

" [100]

@ :S atom

Fig.3 (b) and (c): Charge density plots of I™-point states in the second and fourth top valence bands, v2
and v4. Charge densities are shown in the dashed (010) plane in (a). Solid circles indicate S atoms on
this plane, while dashed and solid lines in (b) denote the ridges of decahedrons and tetrahedrons on this

plane, respectively.

DSEFRIDRY NI —INBRLT B/3 RIiZ72> TN T, RFEEIRETIT T R/LF — UM
ERTHDIT, VIFVIZEERGZRAX—ANAIE T D,

— 7. Ga BF NP LIV DAEEDTE S DSFEFORBIZITEHIMEN 2L E6IZ4@EmEE
Figl. () ICRAI A R FBEBENTNAD T, AREEEVDOSEFD piiE IT4E AR T
FohT— 2RI F DT pEE X1 D DAEAERN TIN5, ZH5L T, 2O/ RIZ
MEFHORZRNLFX—ANMEL, N ROSBUT/NSV, ZHIIxL T Ca [R FIZEHHY
ICEEEB A7), 10EEEYD S RFOME X EAEEELD, 20, 10 @EAEAYD S R+
D PEEIX 1 F ENZIE D ZEFIREIZ/2Y . 10 (KM TpELED X b — 22 TE 57280,
MEFHOEZRNLF—ANNMIEL T, RERSEEE D,

=N



Fig.3 () ICRIR AR MUK IE T AFEEMOEE ¢ , 77, [001] FRANCKE 2558
EFRESIZV,, VDN RERBR LT, RIRSG DRI T2z R IR L Tl s, S6iZzz@H
DARZIVTIL, 10\ EE D p#BEDFREE - G SICRIEL T2 20—/ M5 (Fig.4
(a) RHIZR), ZORRITRESN TQDBER[BIEEMMIC—ET 5, FoBIT=RICER
THHEEEBDEL ¢ ,%Figd. (D) ITTT, S RFry FLUTTO ¢ 13 2z BIICKERE
BEL BB ERIT e =6, =50 ¢, =650, TODRBRLERDBIF RERAT
B

(a) (b)
18 . -
3 .
B B /
12 g12 | “
- 2
9 M4 N
9]
- 6 = X% .
— bl Yy
54 T 3 - LT e |
a
0 0 ' ' *
3 5 6 7 0 2 4 8
Photon Energy[eV] . Photon Energy[eV]

Fig.4 Calculated dielectric functions of CaGa,S,, as a function of photon energy: (a) imaginary parts
and (b) real parts. xx, yy, zz indicate light-polarization directions.

4. F&0

CaGa,S, DES - SFMMEEIZ OV T, SubUnit® 7 /v AW TE 1 BEHE CRTZ1T-7,
HERBRND, ZORONAUNEEORLRERFHEL T, CaAVD SEFD p BB Db
D—J%HR L. Z FENC TR TCHIZ2 N REME T # EERICE AL D AN <K& 72
DEE TR IR DT, FIZ DD/ SR, PEE DRSS A IREBICRTIS L C2f&
BFET D, ZONUINODNFEBN TR 5 SR a‘tﬂ?f%é EMGI 30Tz,
INBDRERNG, CaGa,S, DER - HFHIMEZIL CaRFAVD S RF D p BB IZE > TR
Bz enmhole, SHIIN—TUIERTEHEZITV, NURBEDOEEENIZLD
HFMHEZIZOWTRITZ 1TV AEM L TO LN TLEN,
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B—IREHBICLD N T ST
CulnSe, [M =In, Ga, Al]® R KRBT/ — DR
Formation Energy of point defects in Chalcopyrite-type CuMSe) [M = In, Ga, Al]

by First-principles Calculations

BEA KT BIFE

AITAZK., FOHEE
Tsuyoshi Maeda, Takahiro Wada
Department of Materials Chemistry, Ryukoku University

Abstract First principle pseudo-potential calculations using plane-wave basis functions
have been made to quantitatively evaluate the formation energies of point defects in
chalcopyrite-type CuMSep [M = In, Ga, Al]. The calculations were performed using
super-cells containing 64 atoms. The formation energy of a Cu vacancy in CulnSe; was
lower than that in CuGaSe; or CuAlSes, but the formation energy of Ga/Al vacancy in

Cu(Ga/Al)Se; was lower than that of In vacancy in CulnSe;.

1. I IL®IZ

H N34T A NEIREE R FF-D CulnSe; (CIS) I @ REE RS EA O IEPULBIZ AV
LENTVWB, 2D CIS i p BIDEEM AR T2, EAOSKMRBLZEIFEL, FOEIHN
Rt AL TV D, KETBAFTRET /L X —3F3CHT (NREL) @ Zunger Hid s K@D
TR X =% ETAHIETCuZBIMED In EILFE LA RSN T VI EE B S
LTV B[,

H 2T A R A %) (CulnSe,, CuGaSe,, CuAlSex) 121, ZBILR T FH A7l D
SRMEDSETFTET 5, T~ 13 CulnSe; FD Cu isctU‘In DR RYGFERL TR/ LF—D3
BRRTREOLFRT /I KREURIEL, Cu Z27L72% In ZILEICHBML TR ASHP
TV LEHREL7Z[2], CulnSey D/ RF vy Eg (CulnSey) = 1.04 eV IZKEEBLEL T
DISATOEBAIZME 1.4 eV 0720/ E0, 20720 RICAN a1 T4/ N &%
AL, NURX vy T MBRE CuGaSe, X° CuAlSe, ZEBESE T, KRB DO N R ¥y
DT BAILD, CuGaSey DX R ¥y 713 1.68 eV THY CuAlSe; DNV RE vy 7 1d2.67
eV ThD, L2l KEBEEMMEL TRLE WERERELN TOAOIFEMTIE
CulnSe; THY ., B TE CulnSe; 12TV VAL THh D,

AT, BEAEREERICE SKFEFREEERR T > v/LEZ AV T, CulnSe,.
CuGaSe,. CuAlSe; DO EKME(Cu ZEFL, In/Ga/Al ZEFL, Se ZEFL) DL T R/LF —%
BHL, 2B HOMMEDEVEZ IR ST 5,

2. HEFHIE
AT BIT BN AT A U EDD B RGO T RVF—2 R HEHE Tl
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64 [RF oA A— /= /L (I/)Va’A T ANIEED 4 15) Z AV, A—/3—/LaDH
DALBICHMERFEILEZEAL, AERSGGEHL-, BRAEEILRELTET V
ftl. RMEOEANIZEY, ZIEABOE—, E HEERFORFMEESEMEZEE L2
THRNX—HEZITV, BB FELLRVWEEFHEDOETRINT —DENL S XD
R R X —ZRKDT=, CulnSex IZBITACuZF 2K (1) ITFTIOTEAL, AKX
TR F—2RDOXQR)DIINIEZE L, (CulnSe; FDOMDZEEFLISL T, CuGaSe;.
CuAlSe, DZEFLHRIRICEZELI )
B Cu B FZEFL (Cu EILBEASINTVBIREE) T,
Cu,InSe,, — [Cuy.yVe,1InSey, +Cu (1)
BR MEF AR = /L —
Etemation(Vew) = Et[Cug, yIn Se, - Et[Cu In Se, ] + ug (@)
Et [Cup-pIn,Sey]: RRMEELA—/S—E/LOETR/LF—
Et[CuIn,Se, |: FEEFERA—/I—ELOLTR/LF—
Hey: Cu DILFERT ¥
BRMEFERTRAF—IIEILEEATETROIFERT v VIEFLTEY, 20
TEERDILFERT v v/UiE CulnSe; DIFESRMFT CRAMBOLFREIZLY, TREREL
D>OET B,
Moyt U T2ug = Heoynse 3)
ZIT. 3 nRRERIZBITHERNFENSRME (R 1 DR 1~5) TOBRTROILFERT
YU NERODDIEDIZ, ROBEBHDEIZONWTHETRLTX —FHEZ{ToT,
(1) kIt B{E( Cu, Al Ga, In, Se)
(2) ZRR{LAEY( CuzSe, AlhSes, GaySes,InySes)
(3) InarAI7AMEEY)( CuMSe, , M = Al, Ga, In)

PENCTSTEERLO

| CuliSey | Sy

AEICBITAREIIT N TEENEEERICE S EFREEES —REBIERN T~
Y EERRW, ZBRABRART VL ELT—Z{LAEIEL (GGA; general gradient
approximation)Z{E A L7, £/o, FEEAY A 7T RV X —% 350eV ELTRW, T —
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ZDO—EM AR OO ESR M THREDRBILEIToI-E, 2RV F—5+E%
1To72,

3. BRBLUOEZE

1 IZ/RL72 Cu-In-Se R3TTRIKFER D 5 DDA S FRIFAFITEITH CulnSe, HHD &
R TRVF—%K 2 TRz, DILONDERIZEBWV TS Zunger GO RE L7289
(12 Cu ZZFHLOF TR NAF— In EILOFTATRNLF— LB L TRV MEIZZ2 o7z, K 2
IZRONDEANT CulnSe; FTD Cu ZILOFA TR NF =T LFERT ¥ v/ MR ELR
FL.CulBRIOEMHET (8 1,2,5) &bh, Cu R B THOEMT (& 3,4) DIFHINEL 207,
ZDFERIE CulnSe, I T Cu 1BFI2EMHEIND, Cu FRREMHET T Cu ZILAHET W
TEEERLTVD,

F7- REER F D A 3 -OFEY, CulnSe, 28 Se BE W' In,Ses EIEFTHDEMT T CuzEfl
DR TFINF—=DRHIELS, -0.8] eV THAZLITER TRETHD, AKRMEDOIF LT X
NE—DADEERTEVIZENL, ReEEATBEDIIIONZELERIVE N FAE
FETHY., BRIIRMERITERESNAZEERL TS, ZOZ ST EHEHT #EH3 CulnSe2 125t
LTS TWAEBAREZ FE—HLTEY, KIFEMIZA VS p 2D CulnSe; 7EEN
In;Se; & Se BEFTARMCTERINAZLAEBRMIIE MTTZHERTHD,

e = O vy
gﬁt% B I vaciicy

£ 1.4K) |~ Se yacancy
sy | E—
Lot |
Lom |1

T

jrodit im schenadic plase dimmmm

2 CulnSes (Z81F5 Cu/In/Se ZEFLDOFE L= R /LF—

CulnSe, D5 & LFEIHFEIZ CuGaSe,. CuAlSe IZBW THZEILF T /X —27F ML 7=,
3 |Z CulnSe, CuGaSe;. CuAlSe; DEE KRG EULDT-D DAL S TH D A 2 (Cu(In,Ga,
ADSer 2% CuaSe XU Se &4:479°%) & & 3 (Cu(In,Ga,Al)Ses 73 InaSes Jz TN Se L3773 5)
\ZB1F B Cu, (In,Ga,A) R U Se DEFLIK =R/ ¥ —%7RL7-, CuGaSe; X° CuAlSe; (23
W CulnSe; ERIBRDEM D 641, Cu ZILOFEETR/LF — B HHIKZ2 S, xc EH
F & AT, CulnSey @ Cu ZEFLDOFAL T R/LF —A CuGaSe; X° CuAlSe; SHLBEL TIEHR
IABEWETHD, 2O EIE, CulnSe; THEFFIZ Cu ZHAEHAINLTL BHIZp Bl
BENBONLILE—THLTND, o REBRD &2 E8 30 Cu EILFE AT RLF—%

=5=



HEZ 5L, Cu 2271 Cu AR TSN T <, Cu BEEA TEAIICWIE
D3b, ZOZEIFFIZ CulnSe, BIEA TR THBRZ, EIEOMAE Cu BFRIFRES Cu
R TAZET CulnSe2 FD Cu ZZHLOEZFE TEAZ LA BEHKLTVA,

Point3 (Cu poor’ Point2 (Cu rich)

Ly

[ =g Cuvatanoy

S A 1
F I

L lam w i i ag
5 i
| vacamey
Bl G R AR

o

Faddawas sl s wKF6 4

i uhmcq Culfale. CLL}XIB&;

Formation Energy (eV)
poree
Formation Energy (eV)

Fomit o,

Tt

=

*

X 3 BJ11Z7RL7= Cu-In-Se Z3TTRIREEKD A 2 K TN3 IZ31F5 CulnSe,. CuGaSe, 3BX
U* CuAlSe, 128175 Cu, (In, Ga,Al) X T Se DZEFLIF L= R/LF—

AT In/Ga/ Al ZZFLDFE AR TR/ F — & B D&, CuGaSe,, CuAlSex (T TIE Ga/Al
ZEFLAS CulnSe; (23175 In ZEFLELLEIL TIEF 1KLY, CuGaSe,. CuAlSe, (23T
Ga/lAl BN INLTUVNEE X2 B, T CulnSey IZBWT In ZZFLITFE A S LIV E
VW2 5D, B 1£IZ CulnSe; & CuGaSe;. CuAlSe; D Se ZEFLIZDOWTHELT AL, Se ZEFLOF
FRTRAF—IT, R 2. R 3 HICRRDEMZRL ., CulnSe; (2B TRHIEVMEEZRD,
CuGaSe,. CuAlSe; £72 B2 DN TEVMEZRL TW5, WX IZ CulnSe; Tid Se ZEFLA
CuGaSe;. CuAlSe, LELE L THZ LS AL <, CuGaSe,. CuAlSe;, TIEFZELSALIZV Y,

4. &0

B—REEHEIZLY CulnSe,. CuGaSe. CuAlSe, FD m&KBE(Cu 227, In/Ga/Al Z=E7L.

e ZBH) DFERTRLF —2EH LT, CulnSe, IZBITA Cu BILOFEET /LT —0
CuGaSe, X° CuAlSe, LLLEZ T HLfH/NSRMEIZ /2572, ZDFEIL, CulnSe; TIE CuGaSe,
R CuAlSe; IZHELL Tieh Cu EILMRHER T WIEEE KL TV5, F72 CuGaSe, R
CuAlSe; 128V T Ga/Al ZE LD TR/ F—DMEL Ga/Al BB SN UM
bhotz, ZNHEDIENSKEBEMITE L 72 CuGaSe, X° CuAlSe, DA ShE B4 AL T 5
720IZ1L. CulnSe, DB B LITBRLRAEBEFR RS NLETHAHLEEZLND,

BEE RDFRO—ITE K E T B HEE TR IR B AT 2 U —F &
L5 — BREEILT BRSO R R,

23 3LHR

1) Su-Huai Wei, S. B. Zhang and Alex Zunger, Appl. Phys. Lett. 72, 3199 (1998).
2) FAE-ATHE, 2003 F£FEZFE F 50 BICADREEEEERHEES
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Molecular beam epitaxy growth and characterization of CdGeP; chalcopyrite-

type semiconductors.

Valery Smirnov, Hideki Yuasa, Takayuki Ishibashi and Katsuaki Sato.
Department of Applied Physics, Tokyo University of Agriculture and Technology,
2-24-16 Nakacho, Koganei, Tokyo, 184-8588.

Phone: 042-388-7432, Fax: 042-387-8151, e-mail: valery@cc.tuat.ac.jp,

Abstract First results of MBE growth and characterization of CdGeP; layers are
presented. The samples were grown on GaAs (100) undoped substrates. According XRD
rocking curves layers have good crystal perfection, although Cd:Ge:P ratio deviates from

stoichiometry. Optical reflectance and refractive index of grown layers are obtained.

1. Introduction

Spin electronics attracts much attention due to its capability for future nanodevices. For the
realization of such new functionality by combining electron transport and magnetism the
magnetic semiconductors are intensively develops now. The development of magnetic
semiconductors could lead to new classes of devices and circuits, including spin transistors,
ultra high-density semiconductor memories and optical emitters with polarized output. For
practical use such semiconductors must demonstrate ferromagnetism at room temperature. At
present, different types of magnetic semiconductors are studied intensively including III-V
and II-VI diluted magnetic semiconductors (DMS) doped with transition atoms (TA). The
highest Curie temperature (T.) obtained up to date for such semiconductors are Tc=172 K for
GajxMn,As [1], Te=940 K for Ga;xMnyN [2], Te>350 K for ZnO:V [3] and T.=300 K for
ZnTe:Cr [4]. However, in wide band gap semiconductors like GaN or II-VI is very difficult to
obtain heavily TA-doped p-type compounds. Such p-type doping (as well as n-type doping
that strongly necessary for device applications) is comparably easfer to achieve in II-1V-V,
ternary semiconductors with chalcopyrite-type structure, where the elements of groups II and
IV can be replaced by other elements of same groups as well as by 3d transition atoms other
than Mn. This fact provides the possibility to control not only such properties like band gap
value, type of conductivity but also magnetic properties of these materials. Along with II-IV-
V, chalcopyrites have high carrier mobility, what is also very important for device

applications.

2. Experimental
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In the previous works we have reported ferromagnetism, which was observed up to 423 K in
CdGeP; as well as ZnGeP; bulk single crystals doped with Mn [5,6]. Such crystals are II-IV-
V, ternary semiconductors with chalcopyrite-type structure. However, these ferromagnetic
materials have non-uniform depth profile of Mn concentration because thermal diffusion of
TA into bulk crystal does not allowed to realize uniform distribution of dopant. For accurate
measurement of magnetic, optical and electrical properties of materials as well as for practical
applications high homogeneous distribution of TA is necessary. That is why the thin epitaxial
layers grown on substrates what is commercially available and well developed in
semiconductor technology are required. Before synthesis of Mn-doped chalcopyrites it is
necessary to prepare “pure” chalcopyrite-type single crystal films.

In the present study the growth of CdGeP, thin films was perforined in MBE chamber, in
which Cd and Ge are supplied from K-cell type solid sources and P are supplied as t-
butylphosphine (TBP) gas with a cracking furnace. Cd and Ge beam fluxes during the growth
process are controlled by digital supply sources and measured by ionization gauge control
device. TBP flow rate is controlled by a mass flow controller and measured by a beam flux
monitor. For in-situ analyses of substrate surface during the crystal growth process a
reflection high-energy electron diffraction (RHEED) technique is used. As substrates we
employed undoped GaAs (100) single crystals chemically etched in HO+H,0,+NH;3 mixture
etchant prior to setting in the MBE chamber. After loading to MBE chamber substrates were
thermally cleaned 10 min at 580°C for removing impurities from the surface. Crystal growth
conditions for some samples are summarized in Table 1.

Table 1. Crystal growth conditions

Cd flux Ge flux TBP flow | Growth Growth time
[Torr] [Torr] rate [sccm] temp. [°C] [min]
Sample #1 40 X 10° |40 x 10" 1.6 192 40
Sample #2 |20 x 10° |10 x 10° |16 200 60
Sample #3 20X 10° 1.0 X 10'8 1.6 150 60
Sample #4 20 X 10° 1.0 X 10" 1.6 190 20

3. Results and discussion
Table 2. Compositions of CdGeP; layers

By viewing of RHEED patterns before and during cd @c P

the crystal growth we observed the reconstruction of Sample #1 | 0.52 | 1.00 270

the surface. Grown CdGeP, layers were |Sample#2 |0.28 |1.00 |2.97

Sample #3 | 0.68 | 1.00 2.62

Sample #4 | 1.17 | 1.00 4.65
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characterized by energy dispersive X-ray microanalysis (EDX), X-ray diffraction (XRD),
scanning electron microscopy (SEM) as well as optical photoluminescence (PL)

measurements. Results of CdGeP, composition measurement by EDX are given in Table 2
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Fig.1 X-ray diffraction spectrum for Fig.2 Energy spectrum of X-ray dispersion
CdGeP,/GaAs(100) structure. for CdessGePa.6; layer.

and energy spectrum of X-ray dispersion for the sample with the composition, which is
closest to stoichiometry, is shown on Fig.2. The XRD rocking curve (Fig.1) shows that grown
CdGeP; layers have good crystal perfection. According to the results of optical reflectivity
measurements grown layer has maximum with rather high reflectance (~ 50%), and its
position is close to the maximum for CdGeP, bulk crystal material. Based on ellipsometry
measurement data the refractive index of the layer n=3.47 and reflectance value R=34.91%

were calculated.

4. Conclusion.

CdGeP, layers were grown by MBE on GaAs (100) substrates and characterized mostly by
EDX, XRD and optical measurements. The composition, which is closest to stoichiometry,
was CdgesGePasy. According XRD data obtained epilayers have good crystal perfection.
Position of maximum of optical reflectance is close to that observed in the CdGeP; bulk
crystal. Optimization of MBE conditions (II/IV flux ratio, growth rate) for the growth of
stoichiometrical chalcopyrite and diverse characterization of grown epilayers is underway.
Also theoretical thermodynamic study of CdGeP, growth by MBE (calculation of optimal
growth temperature, beam equivalent pressures of components, etching dominant conditions
etc) is under progress now. Obtained experimental results will be compared with the same
characteristics for good quality bulk crystals of CdGeP,. We believe establishment of

described technique is important as a basis for a preparation of ternary phosphides, not only
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the magnetic, but also as the conventional semiconductors, which posses excellent

semiconducting properties.
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RAEFEIZL D CulnS,; EDIERL

Preparation of CulnS, thin films by thermal evaporation method

FHES BRIFH BMAY I¥H BRETISR’
FARZ, EHEC, O
Yoji Akaki'?, Kenji Yoshino?, Tetsuo Ikari’
Department of Electrical Engineering, Miyakonojo National College of Technology '

Department of Electrical and Electronics Engineering, Miyazaki University®

Abstract Structural, electrical and optical properties of non-doped and Sb-doped CulnS;
thin films grown by single source thermal evaporation method were studied. The films were
annealed from 100 to 500 °C in air after the evaporation. The X-ray diffraction spectra
indicated that polycrystalline CulnS, films were successfully grown by annealing abowve
200 °C. It was found that the Sb-doped CulnS, thin films became close to stoichiometry in
comparison with non-doped CulnS; thin films. The all samples annealed at 500 °C had

bandgap energy about 1.46 eV.

1.3 LI

HNaArRf TA FREEERDOPTH CulnS, (. N2 F¥ ¥ v 7L ETRE 2RIV R
AL, BN ELBRIENRKBHEALT P L TEIER 153 eV O KXy v
TEATHIENS D KBEMADOEAICL - EbWFINEMEITHD, TDF X, T
DM EHT Ga X° Se HEOAEMEZE L2002 L0n, BEEICHAENRITONL TV 2 EDFE RS
B CulnSe, X° CulnGaSe, 72 & & LT HFIEEH/ LTV 5,

INET, BEE DIRESMEREIECVD)Y, 2y Z2 ) U7k D R V—BSiRE
Y. BRxRTETHEREN CulnS, BEIZCHOWVWTOERY « XFNBHERFETESNTE
oo TOWVSTHT, HIEDREIFERGECIEREFICEKEL, aREhEELZB 7D
I, —IRICE VI Z LB L L. ®3 2 MU 62wy, —5 T R ERNT5
L THREMEER ESE DD EBNFTE S,

KFRTIE, BaRA N TEREOFERAERT I L2ENLT 70D, BIEOERNAIC
TN Y - AOEBRIZL HREEEY A, BERE OB RICITERFREICIEEAYR X
REFEGINNVINBRTE SRy T VAMEP)EEZRAWLZ, ThoDFEICIYERLE
CulnS, FEIEOHER), EXH)., KFOFMEZRE L7, I 512, Sb #IN CulnS, FHEIZOW
THRBRICIER L, MERMER & ol 2175 7=,
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2. EBRFE

HP MEIZ X D BER L2 EAMS L <2 Sb #IN CulnS, RZFE L L &7, EHMER kIZ &
LEERERIToI, RBFIRIV VIV Y—RE L, ERIZIIHHITESFZIT>72 10 mm
AOERT 7 A% Az, BEEZRALIZEZMEIT 13X10° Pa LT T, BAEROEREBE
TR L Lz, ARERIT, 100 °C~500 °C T 30 oM. KEPICTHLEEITo7o, /EHL
T-EEDE X, 0.78~1.05um TH o7,

3. BERUEEL

BRI CulnS, HRZFE & LTEBEZTo 2%, BHEEITo7 Cu-ln-S EBED X #[E
ProRF—2 % Fig. 1 WRd, ZA LD, 200 °C T 30 &, BMIEZ{T D Z & T, CulnS, #&
ghD(112). (204)/(220), (116)/(312)@&1@@T5@1ﬁ1:°“-7 N 27.9° B 466° | 55.1° I
FAMICHESR T, BV L 0 EEPICRESEPRE L TWA Z Enmghoic, LanL, 200°C
LI FOBULIETIT IneS; fEaa P (104), (-113)E= CupS #EaaD(630). (106)mIZER T2 & B
NAHEE—7 bR TE, RELFEL TWD I EMRGhol, Jiud, BBEICIV gL
FRFRLoFNERBETOBLEBIZEBW TS REMRRENRE Lo 2dThHdEE LN
%o BB OIRER Fif 5 &, CulnS, fE@MAKE L TV < ERFFIZ, CulnsSg f&mm=° Culn, S,

fEERD(400), (511), (440)EICERET 28— BHB L7z, $IZ SOOCTHRIEZ{TO L #&
fERIZ CulnS, FESRIZIZE A ERERT, RV IZ Culn; Sy, EmAE L7z, CulnSe, f5daiE
BIZBWT, BaEREREELEDLEE. RMIZ CupnSe BEAEELTWDZ Enmbi
T3 Y ZoZ L LV AEERLZEEIZOWT S, B#ER Cu,S EAEFCKE L, +

T T T = T B T, T 3
® CulnS: A InS) B Cu:S @ CulnsSe ¥ CulniiSio o B Im0s ¥V CulniiSi

‘(112)

=
M s 8  e=
5 e ca 3 o=
A =° =° L A
A . b E
14 S00C JCPDS (CulnS 2) 3
g
=
v
~ bt 400T 3 =
= = ’ = F 5.7 mol.% 3
3 o 5 - = 9
L) gz s ]
* * b =~
2 |29 300C 2
= 5

3.5 mol.% 7

2 i 12 mol.% 3
. g¢g 100C
s =
P o
:\s«dc;;osilcd E non-doped E
1 ] L | E ! i i 1
30 40 50 60 30 40 50 60
Diffraction Angle 20 (deg.) Diffraction Angle 20 (deg.)
Fig. 1. XRD patterns of evaporated thin films Fig. 2. XRD patterns of evaporated Sb- and non-doped
after annealing for 30 min. in air. CulnSa thin films after annealing at 500 °C in air.
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DENBNEBORE EF L EHICHEEL- b D B2 65,

WIZ, Sb ZIRM L7z CulnS, fEdaz ke LTEEZITo7, TOERICKTL T, RFIC
BAEZE L, XRD BIEZIT o7, T ORR, ERMY 7L EDREZENE LT, 500°C
DOFLIRTHLZEIC CulnS, fEMmERMER TE /o, TNH6DH 7LD XRD A7 RAD
FER %R\ T CulnS, EEDHE T ELHEZRD D L, 200 'C LLETHLEBZITS72H 7LD a
Bl O T EHUT 5.524~5.546 A L7820, JCPDS #— K?D 5523 A LV b REARMEICA o7,
Lol BMAEBOIRE L LT 5 & & bIZE DEISE-SE, 500 °C DEVLIRIRE T 5.524~5.532
A L7poiz, —FH T, c BOEFELIT 11.000~11.091 A 729, JCPDS #— K®D 11.141 A
I b/hSVMEE 257, LinL, c HLEEOREL L HICEDHEITADE, 500 °C T
now~uw1A&totoﬁgz@5%°Cﬁﬁﬂﬁbt%@ﬁ%m&05b%Mﬁyf»
? XRD Bt 3Z— Z2Rmd, ZOmRED . EBERINY - TR N TV Culny, Sy #EERD
(400), (511). (#M40)EDEIFFTE—71F, Sb % 35%LLEHRMT B L THRNL 2D, b
DEMRETIILZECERBER CulnS,; amEENGEONTWNDLEEXDONS, F/o. InO; b
2L A222), 00)mIZELAEFIE—7 bEAIS N, THWEREPTRLEB L LITX
D. In RBILLTE=bDIEEEZONDN, TAIT L EOREET AFEBRK T THLIE 24N
IR LRWEEZ BND,

Sb % 5.7 mol.%ENM L7z > 7V EEITINO Y 7 /v D EPMA OfER% Fig. 3 TR, A
HRIL CulnS, BEEIZE ENHZENETNLORTN, EFERERLTHIEOBZRL TWAD,
BIERIT, $o 7V LETEARICTFREED 5 ATEDOFHER-720, BIER RI2IF
EAERGDE I otz, TDOT LE XRD OERMNG, (ER LYV T — KR 22
HEEEMMERE N TWD EER NS, £/o, S #FMT 252 & T Cu & In JRTOMALL
A PAFAA R —IGESNWZZ E XY, Y REOHRERERENPEE LI Bbhd,
WY TLDNR U Ry TORESIEZRDD 2OIL, BRANT bAZRIEL 7, B
P n=2.8 PORHFELZHEL P TOFBBAY b S(ahv) ETFEAF—DMEFED
77 7% RKDIZ, 300 °C TELE L /-FF
DY TMIRT DT Z 7% Fig. 4 TR
T ZDTTT7DEZT LD T ADN
VRF X o T EMELEERE Fig 5 12
Y. Sh MLV 7 id 1.43~1.50
eV DAY R¥ry v 72HTHEREL S

60 T T
Sh-doped Culn$: (5.7 mol.%)
-—= — — noo-doped CulnS:

50

Composition (atm.%)
o
(=]

Nic. FFIZ, 500 °C TELEZIT o7 b

7N, Sb IINBICEIE 2 <K 146 eV L. " + "
DRy RE Y v 7EFHL, ZOEIE, i 200 300 .400 500
DHETERL BB Y 7 A6 e £9

Fig. 3. Electron probe microzanalysis of evaporated Sb- and
Sh-fEE < —F L 10.1 ')O non-doped CulnS: thin filins after annealing for 30 min. in air.
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1.56 [ }
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Fig. 4. Relationship between (ahv)? and photon energies for
evaporated Sb- and non-doped CulnS: thin films after
annealing at 300 "C in air.

Fig. 5. Relationship between bandgap energies and anncaling
tempceratures of evaporated Sb- and non-doped CulnS 2 thin
films after anncaling in air.

4. FERR

HP EIZ LV ERLICEGRMIB IO Sh M CulnS, KRZFEE & L, oIy — 2D
ERICL2BEREEZRANT, BRBEOIEREIT o/, 785F% 200 °C ML ETHMIEE 1T
52 E T, EERIZ CulnS, fEEDAE Lz, B2, Sb 23T 5 &1L 5T 500 °C TEL
MEBEIT-TH, ZECRED CulnS, @k Lz, £72. Sb ZiM¥T 52 & T, MK
WA NS FA AN —IESE, N FF Y v 7OfEIL, Sb OFRMEICEFRL < 500 °C
TEVLIE L 7-RETHY 146 eV & 7207,
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AgSbTe, —(Ge,Sn)Te & Dt dt A AL BVERFIEFE(MH
Crystal synthesis and thermoelectric properties of AgSbTe, — (Ge, Sn)Te system

HilERE FERIES
M, BHAE
Hiroaki Matsushita, Akinori Katsui
School of High-Technology for Human Welfare, Tokai University

Abstract We have investigated the thermoelectric properties of AgSbTe, — (Ge,
Sn)Te system suitable for thermoelectric device. The solid solutions of AgSbTe, —
(Ge, Sn)Te system is expected to exist in the wide compositional region, and these
melting point increases with increasing GeTe or SnTe composition. It was found
that the conductivities of AgSbTe, — (Ge, Sn)Te system became higher, but these
Seebeck coefficients became lower than that of AgSbTe,.

1. Introduction

BELEBAOMEIOF T, AgShTe, AITFIRMEIKUOCCREE) CEN-EVEMEEF T
HZEMESE TS, PLaL, B BEE o TR BRERMBHL VWL . ? %
DHFZEILIHFD HA T2V, —7, GeTe I& AgShTe, % 20mol%E ¥ HN§5& ., LV e
L7-BAEBHMLBO NS L RESNTWNS, ¥

BIFFETIE, AgShTe,« Ge,Sn TeRIZIBV T, EAEMERERCE DAL FFIEDS AR LIz xt

LCEDID IZELTDNERBI LA BRIE 75, 3. AgShTe,~(Ge,Sn)Te R D fEl &2
BEREL, ZTNE TV fEGE KET) v U< ETERT S, 2hb ofEfE -
EROEERL P—~y 7 RZEEAEL., TN XY HARH »\UV—T7 %) = BHT
5L THE BRETT5,

2. Experimental procedure

A TIL 7t Ag ,Sb ,Te, Ge, Sn & HFEFELEE LT AL 10mm P& 8mm D A
T T NWIBZEE AL, REASGH( DTA 21727, ZZ T 2K/min. THIE BHEL T, 3
Ete SIRYEL OIREZEITEER CA 1280 EHERIEL . €D DTA HEOA4 ok &
O EheE REL 7o, DTA &IZ, RS Vo BEHI DT Cu-K a % (L 72 #5RX #1iE]
1 ( XRD) #AT\V, ZhLIZEEND MOREE 1T- 7, )

BELER P2 RV c RIRERIEICEY | R 20 a% (ERL 7=, 2L T, B0
i IR E A 3D 1T - Bl EE( IR HIRFI28ER) 2> T BNEE - K
TERIEL 7o, BBk ZOMIRIH 2 EEL OBEAIZRIT A BEENT U720 ITRATD B
BEVsEY, B—y 7 oz KDz, 615, FOEER b T—y 7 FZ oLV H
JARF (U -7 70 %2—) a?czEBEHL T,

3. Results and Discussion .

AgSbTe, RIZBWT, Fig. 1OMERDID I, SiRFEETIL Ag,Te 3K NAgShTe,, FiRE
SEI Tl AgTe, B (N AgSbTe,, {KIBFEINTIL Ag,Te, Ag,Sb 3L TN Sh,Te, DA IETEL
TW5, Y LA, AgSbTe, 2 GeTe, SnTe Z¥RIIL TV o572 AgSbTe,~(Ge,Sn)Te FRiIZHW
T, Fig. 2 DD 72 XGEIFT/Z = Z AL 2L 25, EFIZITZER L BEAEO EE
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KL 72> TUWNA T & D3bodoi-, Z s 1000

1 Fig. LICTFEL TV3 Sb BRI I iid 5o HanSition point
AgSbTe, & RFRIZ, SLHF@BTHHEE
BB, 800 s

7. DTADFERN S, AgSbTe, ~ < Ag TerAgSeTe, |
? GeTe, SnTe DIFRMELIEMID L, § 4
AgSbTe, DRELE TH% 840K TBEMND, § 60 L
FNEI 980K 1100K BEECHA & | i | AgSbTe,+SbTe
DB RBIE Bbhots, T Th & s
PADRE, BRSO DTAMRE 000 o sy | |
BIDL, BEEROBATHD., & i || AstTe
AR ERERROE L BT FHRE 12 P
BTor—s 0P ARbhTR), 0T 5,
IDZENBYH, L D2 DDFRME Ag;SbTe, Ag§bTe2 Agsme4
VR CH BT L NHERTE T, Composition x on Ag ;_,Sb;, Te,

Fig.1. Phase diagram of Ags.Sby.xTes system.

Diffraction intensity (arb.units)

10 20 30 40 50 60 70 80 90 10 20 30 40

50 60 70 80 90
Difraction angle 26 (deg.)

Difraction angle 26 (deg.)

Fig. 2. Powder X-ray diffraction pattems of (a) (AgSbTez),.«(GeTe), and (b) (AgSbTe,);..(SnTe),
systems.

AgSbTe, TIZ B —~y 7 RO B RIZHI 670K T 730 1 V/K THY . Ag=° Sh #ARKZ N
EWBHE, Fig. 3 DL I8 —~y JFREDOFREBBDTHZE D00 > TD, ¥ ZZT

AgSbTe,~(Ge,Sn)Te RITHIT 5 E—~y 7 REROIBEKRTFIES Fig. 412779, ZhH D,
EHHDRITBNTS, AgShTe, DE—~y 7 {HELY F45LULTIZIETL TWB I &3 005,
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%77, GeTe, SnTe DHINZEN
wmdse, ¥—~_y 7 R
ESIWZED T B ERBEHDHT &
NOND,

AngTe2 (Ge,Sn)Te HRIZH

D ERIBMEL R —LVHE

%lé%: Table I, [ 1279, BE
I, GeTe, SnTe DEANITEY
ERWIE 7D ) TIREMNE
ML 7272812, GeTe #WAITIZL
ETEL 2D, SnTe HRMTIE—
W2 E B 72BZ & Mo Tz,
ZIT AR—NABEEIZONT
I, KRBV 72,

U ED/ZA—F1y BEM
e RITHIRH U —T7
77— OBREREEELZ BN
?“é&\ —&5 IKIRFEIETIE
AgSbTe, DIEFEIZILE 975 &
AL BT, R TIL
Fiw EEBZEITTE 72>
77,

4. Summary

AgSbTe, I GeTe, SnTe% #is
mIzdzeicdy ., OEFH
IZIXZRTE R BAR D EE A
70, QORfERMNEL 2072z
& T, REREROBRICHWS
{ 72oiz, BNEBRIFFIEIZE

Tit, @EEMERCPE 7D |
WES N2, @ —~y 7%
N ESLUTITETL, Gt
EMRENT =TI 7 =)L
Tid. AgSbTe,D%rER LIS
ZEIETER DT,
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Fig.3. Temperature dependence of Seebeck coefficients

of Ag;.Sby.Teq system.
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Fig.4. Temperature dependence of Seebeck coefficients of
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Table 1. Conduction type, electrical resistivities, Hall concentrations and mobilities

of (AgSbTe,),.«(GeTe)y system at room temperature.

Composition x ~ Conduction  Electrical resistivitily ~ Hall concentration Hall mobility
type (ohm-cm) (cm™) (cm?/Vs)
0 p 1.8X107 8% 10" 40
0.15 p 1.5x107 ~10" ~20
0.20 p 1.4 107 ~10" ~30
0.25 p 1.4%107 ~10% ~30
0.30 p 1.0x107? ~10" ~30
0.35 p 1.1x107 ~10" ~40
0.40 p 7.5%107 ~10" ~30
0.50 p 5.0%10° ~10" ~40

Table II. Conduction type, electrical resistivities, Hall concentrations and mobilities
of (AgSbTe,),..(SnTe), system at room temperature.

Composition x ~ Conduction  Electrical resistivitily ~ Hall concentration Hall mobility
type (ohm-cm) (cm™) (cm’/Vs)
0 p 1.8 %10? 810" 40
0.25 p 7.9%10° ~10% ~10
0.50 p 4.1%10° ~10" ~80
0.75 p 1.3x107 ~10* ~40
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BHEBIZHEIT 72 CuGaSe, NNV 7 fEGRD BT A UNEIE LD AIgEME

Drive for high quality of growth in CuGaSe; bulk crystal and capabilities of the thin
film.

RAERKRE HIZH BAEFHERTFER
NI

Faculty of Science and Technology, Tokyo University of Science.
M.Kinoshita

Abstract We fabricated CGS bulk crystal by Normal Freezing method to analyze
the structural property of CGS and aimed to progress with crystal quality.
Furthermore, the clearance of fused quartz board of 2sheets was made to melt
CGS in order to find possibilities to film thinning. As the result, we grasped the

clue of these possibilities.

1. FL®IZ

T, RN BREA K E W CulnSe,y[CIS] & /Ny RF ¥ v 7O RKE N
CuGaSey)[CGS]|ZREB L 7= )35 41 2 A4 MLFBIR Cu(In,Ga)Ses[CIGS]HS K
BEBDEAE LTRSS N TS, CIGS KpEhox 52 EsE b=
WIZIE, ZDORIEMETH B CIS © CGS HIRDFEFEZH B HENH B 1,
LD L. CGS IZaRBIZRb DT W= CIS & sk U T BifR-CEEER DR
72T L H 5 CGS DMMEICET A MEIT LRV, T TEMER CGS EIED
VERIZMEZTENL U, EiEYMMEA2RIBT 22 2BME T 5, AIFETIE, T
FODE—HE LT/ =N 7 )=V THIZL>THREZE= CGS NIV Iz
BOWTHEREOA LZBIE U=, £/2. CGS /N7 ZRIRSE, BiEIN/=2
HWOAETAROBARICIR LIAE ¥ 7= & DEFAR) Z/ERIT 2 2 & THEEIADT
BetE 2 A 7=,

2. EBRGE

F 9" Cu. Ga, Se BEZAET L TI)IZEZEH A(~13%X10°Pa)L, / —~
W7 =V v TEERAWTA Oy NERERILZ. SNEEEH A LEKDA
ETAREETR - 2(figl)e AFETREARELZ —EIC LAREDRERS
(fig2) %2 & R AE&ME % LtE#E L 7= o Sample0l I&. CGS ORMT3H S 1040°C L b
EVEE(1150°C) TERBMREL IRLITBEI LD S CGS NV 7 il AR Z2{E
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Fig.1 The process of fabricating CGS bulk.
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3-1. M HT(EPMA)

Table.l IZfE&L L /= CGS DRk %
Yo CGS NV THBT % &,
Sample01 7* Ga rich. Sample02 73505
Curich iZ72 27z F /= SampleO?. D
AMEDZ M FAANIREIL
SNWTWNWEZ EDHERTE )z, CGS

Table.t Result of the EPMA for the CuGaSe,

Cu | Ga | Se

SampleO1(Implant) 552129 |419
Sample01(Bulk) 21.9126.2|519
Sample02(Bulk) 25.1123.8|51.1
mol %
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Observation of CuGaSe; thin films transition assisted by Spectroscopic Light Scattering (SLS)
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T. Baba*l, K. Sakurai*z, A. Yamada™, P. Fons*z, T. KojimaQ,
R. Scheer >, Y. Kimura”, S. Nakamura™, S. Niki™, H. Nakanishi
" Tokyo University of Science, Dept. of Electrical Engineering, Faculty of Science & Technology
"2 AIST: Thin Film Solar Cells Group, EEI, Central #2 ~> HMI, Division Solar Energy

JEGSE ¢ tomoyuki-baba@aist.go.ip

Abstract In this work, the deposition process of CuGaSe;(CGS) thin films using the
three-stage deposition process has been monitored in-situ by Spectroscopic Light Scattering
(SLS). SLS is an in-situ monitoring method that provides real-time observation of the
morphological and optoelectronic properties of films. In collaboration, the structures and
compositional distribution of the films was investigated at several points of the process to

elucidate the evolvement of CGS film deposition.
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Fig.I: A schematic diagram and typical signals of SLS (and pyrometer) during the three-stage deposition of

CuGaSe; thin film.
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Fig.2: Cross sectional SEM images of the samplel,4,5
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Principal refraction indices from spectroscopic ellipsometry:

biaxial CaGa,Ss4, (100) surface plane
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Graduate School of Engineering, Osaka Prefecture University

Abstract  The biaxial wide-gap single crystalline CaGa,S4 was examined in two symmetric
positions of the incidence plane regarding the crystallographic axes in (100) surface plane at
room temperature over the photon energies 0.75-6.5eV by spectroscopic ellipsometry. The
principal refractive indices were obtained in the below energy gap region by using standard
biaxial ellipsometric approach and a complementary polarized transmission intensity

technique.
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Preparation of Ce doped CaGa;,S, crystal by melting method and its optical properties
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Abstract

Transparent Ce:CaGa,S4 bulk was obtained by melting method. From the measurement of PL and
PLE spectra, emission bands at 2.43 and 2.64 eV and excitation bands at 2.92 and 3.54 eV due to
4£-5d transition of Ce®* were observed. An absorption band at 2.92 eV was found by measuring
transmission spectrum. The bulk was transparent in luminescence wavelength region of Ce’*. The
temporal behavior of luminescence intensity was observed under the excitation of a pulsed dye laser
(425 nm), and the luminescence decay time was estimated as 36 ns. The luminescence intensity

saturated under high excitation.
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TEPLDRPRET T/ EBHIZIVIAENT

LESTENRRREBZONS.

Diffraction intensity (a.u.)

3-2. FERFE

T&EHBERD PL A~ kL, PLE A7 k% Figl3@)IIRd. BHEAIRIZIE Xe 7
VTESHBIZIVELNZEEYE AV, £77, Figd X COTOBBIBRE & RO EAZ T
HLmbLDOTHAB.PL ALY FL(BERIKE 425 nm), X 'PLE 222 kLB HEE 470 nm)
DOREFEFE LD, Figd DA — B(2.92 ¢V, 425 nm), A — B,(3.65 eV, 340 nm)E D:EH T
FBE T 52 0BT K& Figd D C — D;(2.43eV,510nm), C — D,(2.64 eV, 470 nm)
FOBBIFHE T A2RENE, 02 >ERMNLREAVBERINT. ZhoDFENDL, CF
DEHIT A — Bi(B2) = C — Di(D)DIRZREEE 2D 4 AU ROEBEEZF oL 1
5.

EEmAY MVORIERER%E Fig3(b)IZaad.2.92 eV (425 nm) & Hila & 95, Figd D A —
B, DB IGT B C DIRINHE X BBl S -, £77, 3.50eV B34 mmfHE LY b5
TRNAF—RITORING B iz, ZORIUT Figd D A — B HADBRBIZXIGT 5%
UL CaGarSe BIFEDHUUZ L B2 HDTHBHEEZ NS, TNLUNDERS - AIRERICE
WTIEEBREMEEZ TR L TV 2. 22T CaGaySy DIBITER 23 &35 &[4], FEHYDOK
FRKIIMN0.15 £ 725, MEORNBREZERET 5 & RINFELSOFREICBIT 555
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Fig.3. PL, PLE (a) and transmission (b) spectra

A

LT 07 L2y, ERERLE-FHL TV UL
DELY, REEZBETIVUIER Lo/ RITE
BIICB W TERCEREEZ TR T E VW E 5.
IO =R 285 %, Stilbene 420 A3 1
— Y —(EIREE 425 nm, /XU —BE 7 MW/cm?,
IR LB #L 10 HzZ) D23V A & FhEC TR AV
T, Avm2a—TREOEFEZEE LZ. H
FC (425 nm) B N FESE(470 nm) DIEFE % Fig.s 127
T ENENDER LD BEKD/ NV AE I 14
nsec, EIED /L AR 11X 38 nsec & FA BN,
B, 1=t -t,) P & LTHEZIT oo iR, &

Fig.4. Coordination diagram of Ce’" transition HFFEmILHI 36 nsec & RSB bz, ZOfEIL, 8@

Fig.5. Shape of the luminescence

(a) excitation source, (b) luminescence (at 470 nm)
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Fig.6. Dependences of excitation power

density on luminescence intensity
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EDREMF(40 nsec)[4]EWHR—FKL Tz, #HWT, B SV—EEIINT 5 X NHHER
FHEEBE L. TO/BRE Figo lZRd. BHEEIL, B/ NV —FEEIIxt L TRFIZE
L3122 MW/em? 38 Y H S AafnfEm 2= L 7-.

4. &0

AKIFZE TIIIBERIEIC LY Ce’:CaGarSy N7 ZERLLT-. ZDAL T OES JEFIEIC L
5 PL ARZ b/L, PLE A7 bAZAIELZ. THOLORIERERLY, 45d BRIZLD
2.43,2.64 eV OFNH, KU292,3.65eV OFREFEZMER L7, £z, FBAT bz
EL, CSTEETS 2.92eV ZF L& T HRINELZFERT D LRFIC, Ce DI LEEIC
BWTIEEWERBEETRTERDN -7, BV AL—HF -2 AN TEALDEFE
BIL, BAFMEH 36nsec & RIEL o 72. £z, BBV —EBEIIRHT DR IL5E ERFHE
FRELL/ER, BXRIBEFBICE(ETIEMER 2RI ENbrolz. % L —H—
BE & L CORBEEEZBREITT A1, BRERRIZLZOIAFREOEELER T H5ENE
ELEZTWD., iz, NV ABERIZHEEIEER LZBHRIZ OV TIE, FhEHKEETRIX
(Excited State Absorption, ESA)* &7 HEHOBEBEICKIT S L— N HFEXOMBITICLY
RIEZITO TETH B.
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Upconversion luminescence of rare-earth doped CaGa,S4

EmRERRFERE
B CRE, HPALCE, FIARNG
Fumio Hamano, Kunihiko Tanaka, Hisao Uchiki

Nagaoka University of Technology

Abstract Upconversion luminescence from Er’* or Nd®* doped CaGa,S; was observed.
From the Er** doped sample, four upconversion luminescence bands were observed at 385,
410, 455 and 495 nm which were attributed to 4G]1/2—’4I|5/2, 2H9/2—>4I‘5/2, 4F5/2->4115/2 and
‘G113, respectively. From the Nd®* doped sample, five upconversion luminescence
bands were observed at 365, 390, 420, 440 and 480 nm which were attributed to 4D3/2——>419/2,

4 4 4 4 2 4 4 4 :
Ds,—="Tii2, "D3p—="T1312, “P3o—"T132 and "P3,—"152, respectively.

1. LI
WE, T—FRBRFERB, W T7—T A AT A . EYWEZFOZWHL E~DISHD
_@%v—#—®@&EMﬁ*®6nfv

@@E\ BEL—Y —0EERIOSFEE L TT, it AV 2RV ETy oy
N a VBB R LB RFEDEFTH D EHREIN TV D, HTEFMHD
RAMMELLE LTI 727 vt b TV B2, A TlIHibH TH 2
CaGa,Ss AV =, FibIL 7 4/ VX AT =N EW=D, BESh=/m 84
VINBIZRETNI T AREEN BN EVWIBFRER O TWVWAS, £, ZITHERALE
CaGarSi TRV R¥ v v (42eV) 2FF-oTW A2, HhH - afREBIEE (300
nm LA_E) TOWRILA D720,

AR TIE, V=P —RIRIFERTI2ZE2BME LT, BREZRAOCGERALA
5B CaGaSa HERL L 7=, Z OFIETIERL L 7215872 Er ¥00 CaGaxSs & . BEFEE
EIZ XK > TERL L 7= Er 3/550 CaGasSs. Nd 00 CaGaySy o7 v 7 a_"— 5 L3
FEBML, TOHMEE LB LT,

2. EBRHFIE

ARFEER TIE 800°C CIER L 7-EMEKEIEIZ L D Er HAN CaGaySs B LT Nd #RN
CaGaySs & . 1050 CTIER L7=1ERYEIZ X D Er il CaGasSs D 3 oW 7w FHA L
770

BB R IEIZ £ D Er #RI0 CaGa,Ss. Nd W0 CaGaySs DIEEL Tl CaS. GaxS; D)y
RKuE LLIZRDEDITRE L., MEMRE., EEHALZLO%E 800 CT 24 BrRAREE
R S, FAUC Er OFMED 0.5 mol%iZ72 D X D2 EnSs . Nd it 1 mol%iZ7z 5

— 45—



LW NGS; 2z 7, ED%, BERA L. FFEIZ 800°C T 24 FFHEIEMMAKR ¢ T
& 5B CaGa,Ss Z 1ERL L 7=,

FERIVEIZ X B Er ifshl CaGa,Sq D YEEL Tid CaS. GaxS; D FR % CaS:GayS4=40:60 mol%
DENIET, FAUT Er B 1 mol%lZ725 & 92 EnS; # ANES L7z, GaS:ldifas T
FTBET7 Ty s AETAHZDRBEICANTE, TD%, FEEMEEZEEEHAL, Tz
1050°C C 24 BEfEMNZEL L . 5°C/min T 900°C £ T Tif. £ D% 20°C/min TEIEE TTF
77 ZDEE, REZ15mmX3mm, EX 0.1 mm OB LT BE5ET-,

FRRNETERL L 72 Er 00 CaGa,Sy D& X MRETBEIE 21TV, T D%k, S EER
THEBERRAEZIT-o 71,

WIZPLBIEET v 7Fars "= 3 UEBHROBIELXIToT2, Vo 7 /LOREICIT
Nd:YVO, L' —% —D SHG (532 nm) Z AV 7=, BiEREIIEMEREECIER L7 Er
7SN CaGasSs DXL v h TiX 0.14 kW/em®, Nd #500 CaGa,Ss D2 L v b EIERIEIZ K
% Er 50 CaGaorSq DSV 27 TIE 1.5 kWiem? & L=, T v 7Xar"—2 3 UKL
TNE IR A—=F THH’E, REFBEE 2RV THEETRE L,

. WD%?DJ:U\%‘R

Flg L ICERIEIZ L D Er IR0 CaGaySs D X BETAIE DR %274, BIERKRICH
Nic7a— K= 3% 7AVOEAEIERLICART T ADE—7 TH D, BIE
SN oEREIIEREML TR, (BRINTY U IEEBEED LT
HENLDTHDZ ENHhoT,

Fig. 2 \ZIERNEIZ & B Er Hi/N CaGayS, DFE B BIE OfER %79, 370 nm VT DIE
SRR EITREEBOHRDOTIVEZICL 2D THS, BIEFREENS 300 nm
VLT THEZ MFEFD CaGasSq DRI R S 7z, 500~650 nm Tl T MIZRINDE
ERFER INTZBNZHITECIC L A RO FTREME L B BIE, TP Th s,

T : T p

. T f it I

(@)

o
T
|

® (300) ®CaGa,S, |

D) (1200) ®Ga:5s

S
(=)
T

[\ ]
=)
T

Trnamittance (%)

X-ray Diffraction intensity (a.u.)

’.,v;':.?;_'- ; ,f T —— i ) ] ) ; ) ! | | ‘
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Diffraction Angle 2 6 (deg) Wavelength (nm)
Fig.1 X-ray diffraction for Er’*:CaGasS, Fig.2 Transmittance of Er’*:CaGa,S,
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CEFERR L L ARNEIZ X D Er i5I0 CaGa,S, D PL % Fig3 12,
VEKXDARY NV Figd 12T, 532nm THIEE L7z & &, EEREE.

Ty Tarsn"—3
BREtET

ERL L 722N E DY T bE AT AB3SS nm)l\ B(410 nm), C(455 nm), D(495 nm)
PEBIENTZ, EXHF A RV B TIE, HEBRIFRWT v 7 a3 —2 3 VREHEDER

INTz, ZTNHDOHENFEIT
Wk BEEZLNS, Figs
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4 4
Grin="Tisn.
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ITEEEEF&
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_{/errﬁ(ﬁ
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Fig.3 PL spectra of Er’*:CaGa;,S,

/ Excitation process
30000 1

A 2

20000E =@

-1
Wavenumber (cm )

10000F =,
4Il

A

0 ‘ L

172
3/2

512

Fig.5 Upconversion process of Er’’

—5, BB

FarR—Ug URENERIE N,

LEBLEZ BN, Figs
Er" RO N D NIT 4f-4f B OEH

7 4
Ho/,—="Ti5/2+

4 4 4 4 9
Fs,—="Lisny “Grin—"l13, FER

Wavenumber (cm’l)

3000028?00 ‘ 26(1)00 ‘ 24?00 ' 22(1)00 20000
_ EERR R .
20000} P.,=0.14k W/em?]
~ L A xc=332nm
E,’:IOOOO- -
> J“L
= O bt : . e
S 30000_‘ D]
= 20000 5 CIEE
r Pexe= SkW/cm
10000} h /lc =532nm
950 400 0500
Wavelength (nm)
Fig.4 Upconversion spectra of Er’*:CaGa,S,
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Fig.8 Upconversion process of Nd**
4. £&¢9

B R 1T 532 nm ZEA L. BEEAE THEEL L 72 Er /0 CaGa,Ss. Nd #5I0 CaGa,S,
DT v T ar_"—2 3 R EEZERI L7z, Er #1500 CaGa,Ss TITIEXH A (385nm). B
(410 nm) NI C (455 nm) . D (495 nm) 1k~ T38 < BB & 7=, Nd #5901 CaGasSq
TIE390 nmBFTT v 7 ar "= a YEEVBEIS N, Mo 7Lzt d 5 &
Er SN CIE Nd #in & lb R EERABRWVE L ZF - TV DA T el g oTz, T2, 5@
ETER LAZERL Br Moy 7V CHEMREETER LY 7L R UK
ETOT7 v TFars =g 0B 28RI L, Y7 /LOEIN 0.1 mm &EED
FEABEITERBRIEICHRTHENoT2, T2, 7Ty Fa "=V a U EIEORIERS
F % AT Er #$0 CaGa,Ss & Nd #5401 CaGaxSs DYEL B DREIE 21T - 7=,
= AN

1)Fuxi Gan, Jie Wang, Yihong Chen, J. Non-Cryst. Solid 213&214 (1997) 261.
2)B.G. Wybourne, J. Chem. Phys. 32 (1960) 639.
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CBDYECRAEL L 72 CIGS AJFEMZnS /Ny 7 7 BOFESEHI BT 57 =— ViR

Effect of annealing on the crystallinity of ZnS thin films for CIGS-based solar cells

prepared by chemical bath deposition method

RRERRE - THE - BHITEE FEKEMEIFER
VERE H—1. hfE AE? KRR BRS 2 HE

*H.Sakuno' , H. Nakanishi’ ,S.F. Chichibu® and S.Ando"

Department of Electrical Engmeerlng, Faculty of Engineering, Tokyo University of Science,
2Department of Electrical Engineering, Faculty of Science & Technology,
Tokyo University of Science.
*Institute of Applied Physics and Graduate School of Pure and Applied Sciences,
University of Tsulcuba

Abstract We prepared ZnS thin films by the chemical bath deposition method(CBD)
method. The as-deposition films of ZnS were annealed at 150, 200, 250 and 300°C for 1h in
N; and N,+H»(10%) in order to improve the crystallinity. From the results of X-ray diffraction
patterns, the intensity of the diffraction peaks form (111) and (103) of cubic-ZnS increased by
annealing. In particular, it can be seen that ZnS thin film annealed in N>+H»(10%) showed
increase of diffraction peak conspicuously. ZnS thin films prepared by CBD improved
crystallinity by anneal. Especially, we concluded that anneal in the mixed H, gas was useful

for improvement of crystallinity of ZnS thin films prepared by CBD.

1. &Iz

CBD L CIER I 7= CdS #IEIL. CIGS BEARBZGEMWM NNy 7 7B LTHWSNT
W3, IRFE. CIGS BEARBEMDENEIZELIZ 19%1 %qu\ébi‘ B3 Exh®E/b
ZHIET/H, CBD #%IZL B ZnS Nw 7 7 }Eﬂfﬁ—@ﬁﬂmﬁ’?}'ﬁ ThhTtnsd, £
=, ZnS Nw 7 7 BE{ER LJ= CIGS BIRKGEhIXERIE u@bb\@(mﬁﬂt LTd
BFIhTWwd, L LAadS, CBD ETIER w ZnS FIEIZIL ZnO % Zn(OH), %
SHELTVWAZLDBMEINTED. 2o DNBHOBENRILEZ T ZERNE LTE
ZH6NTWB[1,2]e ZTTIHAITIRDEERME & LT, CBD ETIER I Nz ZnS JERIC
X L. 150°C~300°C, Na RO No+H, (10%) 2 WT 7 Z—)VABEZ T 2 22 kD,
famRIE D E LR A=,

2. EERAE

(DVRIBEER AEBRTIZ. ZnS BED zZn,/S tL L EEIZBT 2 ZERE & 228k <

72— )VDRIZOWTIHRETZIT o720 TTIEULHIZ, In |/TH B Znl, &, &IHED
7IVA D MEREF. (NH,)CS O fREE TdH 5 NH; DS @™ %E., &40.2M,0.6M @oa

FEC 200ml ZFRE L 7=, 80°CIZFiR. ZDE.STETH 5 0.6 M (NH2),CS %A
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BEBIIR & UT=o AL ERFREIZ 200 40 B RN 60 2. BREEREIX 80°CERIF L= EIR
FEEHFS R (13X13X0.5mm?) 2 AW, EREFIE. BTy F 70 414
¥ RMIK T HREE. CHsOH, (CHs)CO DIETHAEZ1T - /=0 YRS 10 £/,
PoERITBERRFSEE AWz, USASSIT water bath (ZE1E L. BIZ NH; DZR R
IEERBEZMHEFTZ2EET, 227NV 7 2 Ra3%2FH L=,

Q)7 =—)VERR HEMKTHE. ZnS #EEIF. A 4> &K, CHsOH, (CH3)CO,
DIETHE R, ZRFEZELT T —Y—HNTEIE L=, ZDOHE, Ny £721F Ny+H,
(10%) [IRTFTCT7=— V2L, HAREIE 500ml, min. 7 =—/)VEEEIE 1 B
& Uizo EIEDESRMEIX XRD (X'part MRD, PANalytical) CTaFM L 7=o {b2EFEALIL
EUOREBEE Y #10Y—Id EDX. SEM (JSM-5200, JED-2001,JEOL).IZ L W D4 L /=0 &
=aEAEE UV 27 O XA —%F—(UV-3100, Shimadzu).. JEEIXEXZET(Dektak II A,
ULVAC)Z FIWTHIZE L=,

3. MRREUBE

AREERICBIT AIEEE L. £98~10nm,/min THH. T DEHT T as-depo &%
ER LTz ZOBR7=Z—)VAIEZHEL. LTOERZF =,

Fig. 1 2O Fig2 l&dZ N 2. Nov Ny+Hy(10%)7 = — VAL D XRD #IE DS
RERLTWS, As-depo FRDEEIZE 4 150nm TH 5, 7 =—)VALIER, [AFY
— 2 IZELIZERO SN2 D> > /=6 Fig3 & Fig4 (£ E58D XRD BT E— 2712545 L

FBEBEINRY PV ETRL TS, Na+Hy(10%) 7 =— )VEDZR Y MUE. RiEE
I TEPRENZTR LD, HEREIIED SN2 P 5T,

i

b o0 . S ,.<. (TN L annesded (3 1L
Pt @y annealed (300°C) . (2N -E-i :mm led (3000

3as deposited

T d:ﬁ’j};ﬁiiﬂ(f bl
e N+ H: annealed (250°C)
N: muwa’[ed 250°C) T o

deposited

Diffraction Intensity (arb. units)
Diffraction Intensity (arb. units)

SRR ,“ & , s

20 30 40 50 60 20 30 40 50 60
Diffraction Angle 260 (deg) Diffraction Angle 28 (deg)
Fig. 1. XRD patterns of ZnS films deposited Fig. 2. XRD patterns of ZnS films deposited
at 80°C and N, annealed at 200, 250 at 80°C and N, +H; annealed at 200,
and 300°C 250 and 300°C
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D%, fERIEDRIF as-depo FEDIEEIZ i A FRIE DI 400nm F2E DAz A
WT 7= —)VIRZIRET L 7=

Fig.5 & 150°C. No+Hy(10%)T®D XRD Bl — 2 Z R L T\ 5, As-depo ElIL 0 =
29°F3TIC Zine Blend & UF Wurtzite #1&IZ XG5 (111). (002)D ¥ — 27 H3EEBRIZ RE
NTWBZ EDERI N,
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Fig. 5. XRD patterns of ZnS films deposited Fig. 6. Transmittance spectra for as deposited .
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/-, 7= )VILIEE (EDPTEH 2P E—7@BEDEBNDGRED SN L LD
& Zinc Blend & U Wurtzite #iE D& FEBDFEIL L TWE =0, RIEETIEES H
Sl E T — )VIIEEZDBEBRRIT 1Somm EEL R L TCELLBEDL LTS L
MRENT=o

Fig.7(a)liZ as-depo fE(400mnm). Fig.7(b)lE N+ Hy(10%) T 7 = —)VALEE % fiff L 7= (&%
DSEMEBEZTRLTWA. CNLDILFHA XD 200~300nm TH 2B Z & F /=,
TZ=)E, T A MEDMEEI NS AT KEIWX V2 v 2E L TWBE I EHR
WHENZ. SNSIEN, Y F.OH, & BADY 7)) U TRy R OMBEER &
THDEEZBN5,
4. $EE

ARZEERIZ BT, CBD % AW CTER
L7= ZnS #fEIL. 400nm DEE THEGRME
DRIFHESRBFSND T D XRD #HIE
Lhfgglanize L Lads7=—)V
RUIERZRICBITAEFE—2 X, BEERE
b2 ROI 2D ol 7=, BBHEIL No.
N2+ Hy(10%) 7 = — )VALIBIZ B W TCEEZE
AEBIFERO SN o= L L
SLERETETYZ A0V —DEIED S as-depo
JED ZnS ¥ FH3. Ny+Hy(10%)77 =—)b
EBIZEST T L A AMEDBEES T
DS ER O, INGIE H
D7 Z—)VERIZH L. ERREE|ZH
LT3 RSNz,
[I]T.Nakata,et,al., Solar Energy Mater. Solar

Fig. 7. The surface morphology of ZnS films as- el 6‘_7 @055 . . '
deposited(a) and annealed N+H, for 1h at 250°C(b).  [2] J.Vidal etal., Thin Solid Films 419

(2002) 118.
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2V R BEEIZ L D CulnSe,/Mo/glass &8 D {ERY

Preparation of CulnSe,/Mo/glass Thin Films by Pulsed-Plated Electrodeposition

RAERRY IFH BEJTFER BBRARE
REEF EFEZ=ED

Abstract  CulnSe,(CIS) thin films were prepared on Mo-coated glass by pulsed
electrodeposition from aqueous solution containing CuCly, InCls, SeO, and HCI with the pH
adjusted to 1.7 at room temperature for 30 minutes and after that annealed these films at
400°C under N, Flow. The films characterized by SEM, EPMA, surface profiler and X-ray
diffractometer. We tried to establish the growth condition in order to obtain good quality CIS

thin films.

1. LU®IZ

CulnSe; (R EREEABGEML L )VDNRINE - L TROIFT S 2 L ERYED
—DTH 5o

ERIFER Y LCiX, (RO X b, REELKES., SR TOHERBNATEEL W o /=5 &
RO, BEEZER LE, RE. 20T EWD. =T bBYMNEBEHIZLD
PRl T3, LW RET, FiBERHEZSFLIEZERT 5720, EIINEEZEZ /LR
RIZUESWREBEBEZRA WS,

CulnSe; EDEMHBEIMRE L CIIFE AR EBBICBWVWTIFEI N TV B D, CulnSe; IZ4F
LTEWEIARE . A—LMEMZTRT Mo Z2EART 5[1]. LE. Mo IZENZEKG
BMWOE@EMRE LTLLAVLENTWS,

JS)VRABEFEIZL D CulnSe, EIEDERIDAIEETH S Z LIFFER TS TV 3 D3[2).
Mo ER LIZBVWTDIEREZEZ, Nv 7 7BLOEMEEBICIAN, TEE2MPED
RECHEBLHZEHTZIEPBELING,

2. EBRNA
%%FT@@?%%%&@@ﬂtbfioMQE@MMMGMHM&Q%%M
CuiB. IniB. SelRDILZZNZ N 4:5:10[ml]& T B, X1 ICEEDOBIEXZ T, 7
J—REMmE LTPtIR. AV — REBE LT Mo EIRZ XM X ¥ AR EEEBEIT 3cm.,
c Lz, ZRBEBMRE L CIFBEMHOBMESCE)Z AV, AV — REMAB LUV R
FoaehsrarZ2yy MIEDFHEIE Lz MOWRIE 25°C(ZR). pH Z 1.7 IZHE
UBBE 2 Thd . EFRREZ 30 o/l L, FINT 2V X AREEREST
%M UT/NVREMTIE 3 [ms]. EMINEEIX—0.7[Vvs SCE]CREIELZs T 21—
TA—=TA 7)o .
on-time

Duty cycle ® = : =— X100
on-time + off-time
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DEIITERE LIV REZRE L
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0 7 fEREF L. 3°C/min ’C%‘?ﬁ ETIm
FIrickoTT7r=—)V L,
CulnSe; SR D & aafb’%ﬁ 27z
SRIZTCEEOREZ ZRELE
TERGZROITZEEDH. Ta—F4
—HA VIV OE 10%-100%T. 7 =— iy
VOB EFEEZ 3°C/min~15°C cylnSe, thin films. P: potentiostat / galvanostat,
/min TEALSHE, TN2NOBEEF E: saturated calomel electrode, C: cathode, A:

Experimental apparatus for depositing

ftiziT 2720 anode, S: solution.
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X2, K327 =—)VEDOMERELE XBRFHERET T, CNODIERE NS &
O 10% L ETcHh SR LIZEFE &Rt e b, EREDRLSR D, 0 =10%T
TEERENE T ST As-depo BFFDTLE DN EDEL B> T3, REAWREZSITT
& SEM B Y EDOHI 6 0 =33%DFUDPRORVWREINETH L EEZX S, T
SEEOFEEE, BEDOBEREZER I IZTT, MATIDERNS O LBEEDBERDLL
PR TCHB L ETa—FT 4 —PA VIVDEEDS. BEIFEZERIC XL > THIE
TEBHI b3, LELID33%DIEZE SEM B TERET L. KIROWME & VD
ENDOEEPRZITONS, COMBERENRET LD 7 - NVRORGFEEZ2EZ (E
B2 licd %,

4 =&~ Cu/In(As-depo) j_:‘ S =5
- - Se/Metal(As-depo) = = g ] «e
2 33 8 |~ Cu/In(After anneal) = - " - o=
£ 03 N"| —=— Se/Metal(After anneal) =f Dukycyoie
- N —| 6=100% \
S 25 T e ‘
= =
g 2 2| 6=50% A |
ZI 2 [ttt oo Nkt o Yorutsir
: =
= 1 21 0=33% N
5 bE S [ty MWleWw»w
5 = o
=| 6=10% | \ 1 0 CuyxSex
0 O Lot bl ot Unomtbtints s, oo it Asatonoss bl
0 50 100 10 0 0 40 50 60
duty cycle 6[%] Diffraction angle 20 |deg]
Fig.2 Relation between duty cycle 6 Fig.3 The XRD patterns of CulnSe; thin
and chemical composition of the films. films prepare at various duty cycles.
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Table.1 The film thickness and roughness of CulnSe, thin films prepare at

various duty cycle.

Duty cycle 6 [%%] Film thickness [ £ m] Film roughness [nm]
10 0.339 -
33 0.939 43.5
50 1.303 78.5
100 2.722 261.8

32 7Z—)Viib EIFREICLBEL

F9. BRACEETIHRROMEZBEL NI T 2-DICEMMEZITo> =& 25,
MATEERL &b, EERFIC—EEDSIEDNE S OBBE IR & 72> THRIZH
BLELDREEEZOND, BRADOHMESREZRRT 27207 =—)VDiLh EIFIRE
DEIZ L > ThEE RS, TORER. k. BRE. BOMI L HIcE k<,
BEOXR@ICE L CIHREARZ LIF2 T LICEKRROMEIEFRLTRICLEEED,
DEhoBEBTRSNRP 2. B 6 IC7=—)ViiH EIFIERE 3°C/min. 5°C/min.
10°C/min. 15°C/min OEDFRMED SEM £ & . 10°C/min DIEDO M EX Z 17,

(a)3°C/min

(b)5°C/min

(c)10°C/min

(d)15°C/min

Fig.5 SEM images of surface of the CIS films prepared at (a)3°C/min, (b)5°C/min,

(c)10°C/min and (d)15°C/min rising temperature rates of annealing.
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4. TEER

S EDOHEIT BT CulnSe; HE % Mo B EICBVW TV ZEBHEICL DB,
% D as-deposited fRE 7 =—)L 9B T £ IZ L D CulnSe, DiEERILEIER T E/2. 23V X
BEICTAZE TERAREDERINBICL > CERAZY —ICSE B L HOERT
S, Ta—T A=A I NVOEEILIEEEE. 33% TR ZARELRULIED
MERTE2, MATCEERBICL > TEREZGETCEAZ b2,

L L. CORMFTERLZEIIEROMESCVOVEINZ Y OESRDBH DL 7=
—WVEIEDREANRZ TR TCOETOREBIIRONZDDD, BRRHARPMLER
EBbhhs,

25 R
[1] M.A Martinez, C.Guillén, Surface and Coatings 110 (1998)62-67
[2] S. Endo, Y. Nagahori and S. Nomura, Jpn. J. Appl. Phys. Vol. 35(199¢) pp.
L1101-L1103 Pt. 2, No.9A
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FBIBETIZ X B CulnS, D& R )V F —H8I
PL AXY RV ~DEE

Influence of electron radiation on PL spectra of CulnS; in low energy region

RERFFARR L. i =t

=TS VE PR — BB, A HVE . B H AN k%ﬁ FRTEIE FEES
Y. Miyoshi, K. Abe, A. Ashida, K. Wakita, T. Ohshima” , N. Morishita" , T. Kamiya
Osaka Prefecture Univ., JAERI Takasaki’

Abstract The effects of electron radiation on CulnS; single-crystals grown by the
traveling heater method have been examined by photoluminescence (PL) measurement.
We have found that electron irradiation leads to a decrease of emission intensities for
bound excitons and donor-acceptor pair transitions, and an increase of emission
intensities and appearance of structures for deep PL band. Investigating the temperature
dependence of PL spectra, an activation energy of some peaks have been obtained.
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&5o~ﬁ CB(@h&ﬁéEﬁﬁF%@iﬂM%ﬁ%E ENTBLh, F
ETHLIEDPOFERABELE UTEETH DN CIS B DS
%% &6m%@%m BT 2 EIZIZFEAE RSN TR, AFE T
CulnSe; IZHEREHETH O KB HICH L CRBERN FFY v 72 BT 3
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CulnS, B HFE FFRICHE D RIER 0 & UAREUREE

Excitaion-repetition-rate dependency of emission decay of free excitons in CulnS,

KT RFRZERE TEMER EFYETESE
RvukgEt I ZMEFEG R
T. Onishi, G. Hu, K Yasufuku, and K. Wakita
Department of Physics and Electronics, Graduate School of Engineering,
Osaka Prefecture University,

Abstract  The relaxation process of excited free excitons have been
investigated using the time-resolved PL measurement with the excitation system
of variable pulse interval. It is found that values of the time-constant on the fast
component of the free exciton emission which associated with free exciton
relaxation, increase with decreasing pulse interval. The relaxation state of A free
excitons is also discussed.
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The optimum condition to prepare Cu-In precursor by Metal-organic Decomposition

BURERLRY - T - BT REAEMETYR’
B WL B A S AR E T SRR
Naoki Takayama*, Hisayuki Nakanishi®, Shigefusa Chichibu’, Shizutoshi Ando *
Faculty of Engineering', Faculty of Science & Technology?, Tokyo University of Science

Institute of Applied Physics, University of Tsukuba®

Abstract  We have prepared Cu-In precursor by Metal-organic decomposition (MOD)
using metal naphthenates with Oxidation-reduction process. CulnSe, (CIS) thin films have
obtained by selenization using diethylselenide [(C,Hs),Se:DESe]. However, we observed
different phases on prepared CIS thin films surface by morphology photograph. We prepared
Cu-In precursors in various gas to improve crystallinity of CIS thin films. As a result of
experiments, we concluded that No+H; gas flow process was useful to prepare Cu-In

precursors.
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AzBh < T DICAS AR ICBIL B TO 7O X Z2BALEEZ A, 25 DR
FEDSE I N, Cu-In precursor PIZH—H VFDRADPZEL B L, L b iESRE
@Emcs%ﬁ@@@”ﬁmbto&ﬂﬁxemﬁ%%m#ﬁﬁfﬁof%#ﬁ

S[UEFIEIOE L S e o BIREDOH Z2RE T, HO, HERMEDR W CIS N

\%nﬁbvﬁa T, P TF )Vt L > [(CoHs)Se: DESe]Z AV /= Se fbic L b #5 &
@@Emcm%@ﬁﬁ@éntﬁiﬁ@énTMéuu ZTITHALZBBEHRMED
HAEERMEDRN CIS BIEZ(ER T 3 /=02, ERMSEEICBRLETTEZEAL
THERL U J= precursor 2, Y TF )L v E2HAW= Se b HET SefbZITV, CIS &
BEEER Lz, L LaDs, EREINE CIS EEER LICIZEMBEOMED RS
y AW A

KEFZETIE, CISEELICH 2 E2MIEOMEDREE L., L RE% CIS EE%E
% 7= 8D Cu-In precursor fE& 7' 0 2 fF@ b & 45T L 7=,
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2. EBRAHE

Cu-In precufsor DIERIE. BERITHBF77 08 Cu Bwt%) BL N In (5wt%) %
11 DENHTHE BHETV. 2 I—Y—I0Lha—=27 7059 FIZEFA L.
I TROMNEMERS o T2 R W TS Z L 72 FEISH RITIE N, L 02 & NotH,
(10%) (BRIBETTEE). NotH, (10%) D337 — 2 FER LR, REIZ. THH5D
Cu-In precursor Z, DESe Z W\ 7= Se fLiZ & b CIS #IRZERI L 7z,

. L ICHRZ 7255 .ﬂqu Cu-In precursor Z {EB L /=18, Sefblc L > TIER L 7= CIS
BREEZEHET 7 AD0Y—%2T T Ny B L UN,+H, T Cu-In precursor Z{EE L Se 1k
ZHL 7= CIS BEDREICIEEAMRMEIIR Sz, L L, BbErmEzAu
TR LUz CIS BIEOREIX. ZMRERMEDIRN Tz, CIS EEERE LIZEBE
BYEDRENDIZIE, BETED 7O RICARBERDH B EEZ SN,

(a) Oxidation-reduction &) in N, ‘(c) in No+H;
method

Figl. SEM photographs of CIS thin films selenized by DESe,

Cu-In precursors were prepared by MOD method in various gas.

CERZ IR FHESH (o7 ok

Z) T Cu-In precursor Z &I L 7=1%, Se
iz & o TIERIL 7= CIS #ED XRD /%
y—2mRY . BBk E AV CER
L7z CIS By N, B TOHHBRIZTHE
Bz CISEEZ LT 5 & Aihd CIS
gl (103) FOHFHAEORIITEE DR
%7}150 & =T, Cu-In precursor TERIMF
A ERBRRICEBLETEE R WS &
ds§ﬁ®% BEDM ET B EEZ SN
%o —FH. NotH, HCIEEL L 7= CIS #fE 20 30 40 50 60
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Diffraction Intensity (arb.units)

SITIINETI ITITI INITI INETI I INeTl Y

by N, FHCER L7z CIS BIRIZH A, # Diffraction Angle 2 6 (deg)
HEO X REHTBREPRONG Z e,5 Fig2. XRD patterns of CIS thin films

BREDPFALELTNEEEZON 5. L selenized by DESe, Cu-In precursors were
DL 6, BLBETEB LU N+HH, B prepared by MOD method in various gas.
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TER L /= CIS #iEIE., KELEWVWIR

SNRD oIz, é) LIS
22T, @3 ICBAREESTCHER 2 S
L 7z & & D Cu-In precursor D XRD /¥4 — g
VT Y . NotH, R TC/ER L /= Cu-ln 4? ‘ * , N
precursor (&, FEARETEENESNT % “ TRk, S T "
TENTZ 7 ARTH >0 —FH. N2 E m T P A bt O,
0: 7 (ML), BULBAATERL S fuu "My TLO
7= Cu-In precursor I& In203 @ X #E[alfre R A ST et
— I BRSNE. BT, BILETETE § W

& L /= Cu-In precursor &, B{LBIETT
&7z Inp0; DRITIBETCREITINT ITHK
BLTWAZePE, ZORRITENE
ZZ5N5, Fig3. XRD patterns of Cu-In precursors
RICKEAR TR EFRST Cu & In BiE2(E were prepared by MOD method in

B Lo 4 AR BEARCERL [

72 CuBELWIn D XRD /39— &RTo CuDFHE. NoFH & NptH, FCERIL 72 &
L. Cu D X REEIrE—27 UL RonBnD, BbZ2E L CERLEZE SE. Cuo
DX FEFE =2 BRENZ, LL, ZORNAHLEEZETZ LIZED Cuo i
BIS . CuZiTIilRo7z0 In DIFE, Ny RTERLUZE i In D X REFTE—
7 DIEFMIT ,0: D X fREFTE—27 3 RoNTze NptH, RTIER Lz & &id. 7NV
77 RARTCH oM — A B2 LU TER L7z In ld In0; O X #EEFTE—2 D3R5
. ZOE NptH, W Z T > GEITZEL TH 03 IFE TSN T ITHERE LTz,
LoT. CulFBLET LT VA, In DFE, BLIZT28ETIZEHE LN &0345

30 40 S0 60
Diffraction Angle 2 9 (deg)
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= # OCu ‘g Oln
2 " 7tCuO%% = ke, iﬁr W In, 04
i S N,

= w ' 0, =

@hm*w~y~ O X J 2 M 0,
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Fig4. XRD patterns of Cu and In thin films prepared by MOD method in various gas.
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Moz, LEDZ &, BB tiEz
W T/EZL L /= Cu-In precursor (&, B2t
BFIET IO DAL S N BT BFE TZE N
DREITSINTICEEL WS EEFZIHN
%5, Z LT, BMItBTEZHWTERL
7= CIS #f& EIZ R o hi- BT OMER
InyO3 7% Se bLIFICHE L TCTERZHDE
&HEZBNB. 7=, Cu-ln precursor /£
RSO RAE CREARSFSHAKIZ. £
MDD X ERIITE— BReNRD - /=
Not+tH, BSRWZ & d o iz,

R &2, Cu-In precursor I E N2 EKH
H—RNZDNT, K512 N, B & NytHy
HFCIER L 7= Cu-In precursor @ FT-IR X
RY MVERT NAH, F & N, P CIER
L 7z Cu-In precursor Z Lb#2 9™ % & No+H,

Absorbance(arb.units)

1600 1400 1200

Wavenumbers (cm™!)

1800

Fig5. FT-IR spectrum of Cu-In precursors,
we prepared them by MOD method
in N> and Ny +Ho.
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AR RE NAH, DEYITH B EFE X 5N 5,
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EEZIEEDEEIOND, I EE
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[1]S.Ando et al,
Characterizaion, p.353 (/998)
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#Rik. M21t#d COE 7' 0‘“5 L] THREKEEZ AL ¥ 2 FIEWERIZOD
PR DI R Z 21T 7=,
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CagryEuGanSs (b EYRERDIEE & 7 0 IR R R

Preparation of Ca;.x)Eu,Ga;S4 compounds and their absorption and photoluminescence

HAKRT XEFE mEFER
IWFEER HaTh RS
Department of physics, College of Humanities & Sciences, Nihon University
Eri Yamagishi, Chiharu Hidakaaleo Takizawa

Abstract CaGa;Ss compounds doped with Eu can be prepared at any mol% of Eu, since
the Ca atoms inCaGa,S4 can be completelysubstitutedby Eu atoms.Here we have planed to

prepare compounds of Ca(jx)EwGa;S4 by continuously varying x veluWe have also
measured absorption spectra and investigated the relation between the intensity of emission
and Eu concentration.

1. XTIz

CaGaySq l&. FLTIEZRIMNT 2 & ZDOFELEIZIS U TR LR alfRAEH DI 2R L,
ELEHAM R E LTHEREINTWS, B TH. Ce ZRNMLILEMI. SHEEDE
EREETRTIEBHAONT VWS, U BEEICL ZEEIZB T, Ce 2K 1mol%eL
ERMUEBEERIT. BRELZERCZ v IBERT 2, £/, ZOBEL LR
TEHEREREIREDT DR E, BEMICHENCSERMEDIBIETE-0. 5
ED Ce RINFERBBIERIIBVWTCEIRETCH S, —FH. Euzinild b & Ce DGR
& ERRTRIRIAWFED & FEEIE T DR A Z TR T Fuld CaGa Sy NIEEE IR MAT
BETHH. EuT Ca ZREIZEHR L /= EuGaS: DIEELEH TE 5, EuGaSs L.
EuBEDRENLICEL TEVWEFHEEZH DI LD TFEINS D, BAHD 1200°CLLE
D=8, AREZHIBIZ L ZBMETCORGERERPRETCH L, £ T, RIFET
L EuDRINEE 2 Bl 2L S B EuiBE L BANEDOBREZFARSE Z LI LD,
BEES 1200°CLATF T DBV EE2 G T 2 BIERDOIEROAFEEIC DWW THE
Lz REGBEGERERMEEIWNE, R SKOBHEBICBITI2HETEL —H—
DEBRDHEAFTE %,

- 1240- :.Eliiiﬂfj

2. EE 5 1220

S i ' s i L

B TR RER D IE L e 1200

S : . = 11804

EuD& D moligE £ T CaGaSq4 IZHIMTE S £ ol
PEFNBDZOHIZ, CaGaSy & EuGaSs MY 5|, Lis
2 & D 7 ZTRIRERDOTERR 23 720 , 1120 3

WIEARAEHC Ca. GapS;. EuS, SZAWV. #8104
H03g 122 X5 Ar ERSHTHE L, 0 20 40 60 80 100

B CaGasSs Eu concentration [mol%] g,ga,s,

BRERREICAEHA L, RERMTICL - | |
AL D RS & B E S A T Fig.1 Phase diagram of th

CaGa,S4-EuGarS4 system.
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Fig. 1 IZIERL L= IRFERIZ 7R 970 EuGaSs DRlAS & MESITMEETH B, ¥ s
DI LD B LB DOMER X 4B 28I L. EuiEEICN I 21T EHRDE
b ZFA~T= o MDD CaGarSs & EuGaSs . afifl, bl cEiNZzNZ2NERS Fddd
BiEE LD, BERICBVWTCORLEEE D, BFEHZ. 3L d EuiBEICN
L—8RICZb L= CORKED., M{LEMIEBEELENMT B DO 57-0

JNEEFEIRIZ He-Cd L —H'— (325nm. 23mW) ZAV., FiRICBWTHRELR< T b
WERIE LR, Rkl REASIW TR LSRR EMBLEZDD, 51T,
Eu-1mol% 2mol% 20mol%dZBL TITHEEREZMELEZODOFER LIz, BEHXDE
WIREEZEL T, BRLUEZRNZARF 2 —7 (AE3mmd ) I ANBIE
L7zo F£7/2. Ewl0mol% 20mol%DEFEEIZ DOV TIE, BEELEBEIEL =,

Fig2 ICBIE LR AZANRDY MIVETRT o BHIARY MVDORNE (RXT MIVOE
DHEE) E. KOBRNRETHEBILLTWRWD, BE—FEDL —F—RXTHE L=E
Z AL Bu2SmoldETHmARZETR L. TN LD ESEERITIEEL Lz, (Fig.3)

ARZ MVDOE—=ZHIEIZ. ) 25mol%FE TIE—ETHH., ZDHE., 8T R ¥—
AT b UTze CORFIZDODVWTIETRBETH %,

- Tgiillsal11plu A/
Z
= 1.2 .
DTA samplg
: 0, 0, p
e =104 o® X crystal
—~ = o
LE Imol% 5 0.8 @x
o ERE .
Z 0.6+ > e
: v Z o
[ £ g ) (] ® 8 g
e b T 0.0 T T T T T T
18 20 22 24 26 0 20 40 60 80 100
Photon energy [eV] Eu concentration [mol%]
Fig.2 PL spectra of Cy;.x)EuxGayS4 Fig.3 Intensity of PL spectra ¢
(x=0.01~1) compounds at room Ca(1-x)BuGa,Sq (x=0.01~1)
temperature. compounds
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FERBIEIZBNT, BAEDOKE D 57 Ev20molD EfER L. Zh ettt g 37
DIZ Ew10mol YD BFERZ/ER L, ZNSICDVWTELEZI XY MVOBEELZBIE
L7=o Fig.4 IZ Ew20mol%DBIEERZTT o AT M)VDE— T & )VF—EIZL,
Euxlmol% CIFBEICN L—ETH o7 ¥ —7H. Ewxl0mol% 20mol%iZ Dy T,
BESHIOK L TICRZ EERBTOE—V TR F—IE L DH 40meVE LR )L F
—fHl~> 7 b Uiz (Fig5) CTHid. Euz@BBIZHMLEREEZONSE, T
DRREIZDONWTIX, BRBHEBMLETDH 5,

2 N
*é = O CayqEuy,,Ga,S,
2 2.284 & CayBug 19Ga,Sy
= Cay ooF S
E; | 32.26— % Cay yoFug ,Ga, S,
> 5‘02.24 .
2 2222 B
5 o wo«a&ggQQgg;xxxx
— O YN
i P4 2.18 1 o
) N 2.16
T T | T T T . T . T T T
1.8 20 22 24 26 0 100 200 300
Photon energy [eV] Temperature [K]
Fig.4 PL spectra of a CigoEug.20GazSq Fig.5 Temperature dependence of
single crystal at various temperatures. peak energy of PL spectra o

Ca(-x)EwGaxSys (x=0.01, 0.10, 0.20)
single crystals.

SER SN

Eu-0mol%, 1mol% 10mol%. 20mol%D Eifs
FIZ DWW, FERIBGAIE 21T o 1= o FETRIZIZS
Nay oo, BKERZ U TEBNWE,
Fig6ICZRICB I 2BERRET T, V2
7 HOFEIAIE. AHDOExTH 3,

Eu Imol% (30 m)
Eu 10mol% (35 um)
Eu20mol% (234 m)
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1 1 1
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(4

Ew1mol% (AFI) Tld. BHADRING (AF]) -y
DFEIZ, #I3.1eV & 3.7eVICE— 2 245D 2 3007 /
DO RDBERIE MY Zhesor R
—VMEIX, BEICHLTEEET —ETH 20 25 30 35 40
Do L7 h5 5T BHBIE MEIRILI S S K I, Photon energy [eV]

EuDABRERICLBBHDEEZ SN, Fig.6  Absorption  spectra ¢

Ew10mol% (@F1) Tl #3.levict—r%  CannEwGaSs: (x=0,0.01,0.1,0.2]
single crystals at room temperature.
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OISy R, ZORZANVF—ANIBIRORINDBESNTZ. F2. TRINS R
DILH LA DL CaGarSs DU L D 1.8eVIET R )V F—AID 2.3eV ICEEIE 7=,

Eu-20mol% (OF3) 2B\ TH, RINDZE LW BAUBIXRRTH 2720 EUIBEED L
B4z, INSORNENEZ B2 &h 5., RIS NI EudDAFEEBRSIC &
ZHDEEZSND, L L. IS ORIIREIL, R & XA U CERI§2% 2
EMTET, EORRL RINVADKEBBIINIGT 2PIXRETCE P oz, TRERE
TIEHERDPTTATH 2720, BERECRAMNZISICEHEL, BIETZLED
H %o

3. k&8

ESL L /= CaGa,S4-EuGaSs i — Tt RIKEERI L b, MbE&WIXEBEREZBR L. B+
FEHIIEuBEIZROSNIKET 2 2 225, Euld CaGaySs 28 U CEHH IR
MABETH A I LD o1,

FEABEIZBNT, BAERARDZ MIVOEAEIX Ew25mol%TmRET LIz, TDIE
ECIERED 1145°CTH A0 ARBEEZANVBMECL > TEBRE(ERT 2 &
MAEBETH Do ARYZ P NDOEY—r T 3)VF—(EIX. Eu BEOHEMN. X /-IXERIC
BRAEBZEIZE>TEZANFTF—BIAT T Lz, COFERAIE, EulZBEEPEZR 2
L&D, EuEIOMEEADRE < 2D, EuDEEIRE, EREDT X)X —N
VRBEL B EFRINE, TDEH. Eul0mol%s 20mol%D BEiEE I BN
T BRI PO E—7 T3 )VF—EBIREICT LEL L. RN FOSLH L
W OITEBIRIIRE D 1.8eVIEZ R )VF—BITHElZNZLdEZI 5N %, EwEulf
TRIEEBEIL, ETEIC L D &, EulEDH 10mol% (89 104) FTRBICED L. Zh
LV EEETIIBECPICEL TS, LoTC. Euld/EFREEEESH 10AL h/h& <k
M EERADREL RBEEZEZIOND, CTHEIRIET /= DITIE RN Z R M)V
DRELEACHER R MVOBEDPLETH S, /-, EuiBEDOEMEELIZ, &
BRI OE(LT R EEZ 6N 5, REIZIE, BullB5T2RINPEL, MEZ
XAlLUCBIET B EDPRETH B, SR, BRLAR EuBEEOBEEREZ(ER L, K
W27 M)VZEBIZE L. BEu® RN & ZEFERUNGG & OBBRZE S 22 Lz,

2% Xk
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SOV AR L —HEFEVEIZ K D Cu,ZnSnS, EBAEDERL & 5FE (1)

Characterization of Cu,ZnSnS4 Thin Films Prepared by Pulsed Laser Deposition

REEFHFERE
BRE RE. B ACE. fIAR Al
Katsuhiko Moriya, Kunihiko Tanaka and Hisao Uchiki
Nagaoka University of Technology
Abstract
CuZnSnS4(CZTS) is a promising material for low-cost thin-film solar cells owing to the
suitable optical band-gap energy of about 1.5 eV and to the large absorption coefficient over
10 cm™. This material is non-toxic, and the elements are abundant in the crust of earth and
then inexpensive. In this study, CZTS thin films are prepared by pulsed laser deposition.
Some peaks due to (112), (200), (220), (312) and (332) planes of CZTS appear in XRD. The
composition of the films is Zn-poor and band-gap energy is about 1.5 eV. The film of suitable
optical characterization was obtained at the 400°C annealed sample.

1. TLHIZ

E AHRBI AL —IRE LTKRBEMMPER S, 2 THERDZHD

Bl AR > - EERGEMICESN Y TONT VWD, 4512 Culn.Ga,Se; (CIGS)
%ﬁ \&ﬁﬁ%%kﬁfmﬁuﬂabf%ﬁéﬂfkb EE O FeHERE THRSE -
BRBZEAITON TS, LA L., CIGS DIEBRTETHD In DHFZRFTDOEH &I
BOTHI, L, SelIBAHEMETETHD, TDnd, REAEAEERBEIZBVT,
EREOHHBLIUANGE - BEICE 2 ABBENGESESND, £ZC. In. Se # . HiE%
FIWCEBILFEEL, 2 OFMEDORD TH 722\ T3 Zn, Sn., S TEE# 2 72 CuyZnSnSy
(LLFCZTS) EEIZER L, FIREBEERSGEL~DOMIELED TV S,

2. CZTS EFED 1R

2—1. FEEE CZTS EHED /ERY

BEREEZITo I =474 L5072 (SLG) EREIZ, »ULA L —H —HETE
(PLD) V&I XV IERE CZTS BEZ1ERL L7, TOERFZ%L Fig.l II7T, 2B,
L — P —IIKF =% v L—Y — (£ 248nm. AE H 30Hz, TR X —FE 1.3J/em’,
v 3 v hE36000shot) & L. #—7 v MIIECZTS *b v b (CusS: ZnS : SnS,=1 :
;I ﬂ&a1JHOC—1ETEW%U%Lt%@)%%bﬁﬂﬂﬂﬁJﬁﬂiCmS@N%
ZnS (5N). SnS; (3N) Th 5.
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2—2. T =—)VALER\Z X B BRI

Rl L7~ R EEEE REP CTT=— /LT DI EICL VSRR CZTSEEZ(ERL
77 7 =—0E 2C/min TT =—VRFEEF CTHIES . F L T2 BFEREF L7214,
2°C/min TTHEEE TITo72, AFFETIZ, 7T=—/VREFEEZ 1000C~500°CE T
100°CHN B TRTA=F L L, A—DT7 =—/L&HTCZTS EEAZERLL 7=,

3. EEOFHE
fESLL 7= CZTS #EIEDFE i & L ¢, X #EHr. EDS (2 X 2721, SEM &2,
HRUBIE 21T - 7o,

3—1. X#&gET

Fig2 IZ X BEWTO/BRZTT, 7=— ARV > 7NV TIEE— 7 3R TE 20>
ST, T =—/URE 300°Ca 0N 7261412 CZTS DB — 27 238, 400° 500°C D
Y NTIE, CZTS @ (112). (200). (220), (312). (332) EIZHKIST B B — 2 23fE
O TE,

T T T T ! T T T

(220) (312) (332)
l annealed at 500°C |

(200)

(112)

annealed at 400°C |
annealed at 300°C

annealed at 200°C

annealed at 100°C

X-ray Diffraction Intensity (arb.unit)

o as-deposited
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Diffraction Angle 2 0 (deg)

Fig.2 X-ray diffraction patterns of the CZTS thin films on SLG substrate.

3—2. SEM #42

SEM BEDH R % Fig3 IR T, R\ SEM 2BV TIE, 1 um iRE ORI 23SFER
STz, T 51T mapping (24 > T Zn-poor THAHZ LB EDB SN T NS, DT &
MBI D DRIE Cu-Sn-S TDILEH THD LHBITE 5, TNODRZES T2
Wi, L=V - RNV X —EEOKBEILBIVETHLEEZLND,

Wi SEM 2IZBWTIEEMRCER G ELS, BEREBLEN T 7 v M EgnGon
770 TAVITKBSEM AR LIRS, BIETHEOBMES 25D TIWVWRERE VWX D,

3—3. MRS

BRI L 7= VDM E TS 7= EDS I LM #1To72, FORREL
table.1 12", BRELV ., ERLZEETOY 7TV T Zn-poor DIEM S R 61
Teo £72. F—7 v FTHD CZTS XV v b b Zn-poor DEMD DD, ZDT &b
FERNEFICIV EOFER SN, o T, CZTS EREDMRL 2 #4521,
22— v N TH B CZTS XL v NS 21T 21TV 2 & 3R Sz,
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Fig.3 SEM micrograph of surface morphology and cross section of CZTS thin films.

table 1 Chemical composition and compositional ratio of CZTS thin films.

Sample Cu(at%) | Zn(at%) | Sn(at%) | S(at%) (Zfﬂl-lén) Zn/Sn Mse/tal
stoichiometry 25.0 12.5 12.5 50.0 1.00 1.00 1.00
target 28 12 14 46 1.08 0.86 0.85
as-deposited 24 12 16 48 0.80 0.75 0.92
annealed at 26 12 16 46 0.93 0.75 0.85
100C
annealed at 24, 12 15 46 1.00 0.80 0.85
200C
annealed at 25 11 16 48 0.93 0.69 0.92
300C
annealed at 26 12 16 46 0.93 0.75 0.85
400°C
annealed at 29 12 15 44 1.07 0.80 0.79
500°C
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3—4. NFEME

Fig 4 LA T AN =T D ahy D2 ROFEETRT, I 2 TaldTINR
#HTHD,

T =— LRIDY TN EEA_RT =— VDS TADFN, L EEEBRRIZ R -
TWb, /2. NURX Yy v 7D 1.5eVEELZ-TEY, CZTS OREEIZXING L
TW3A,

[X 1 09] 6 O T T T T T T T T T T T T T
- anneal temperature.
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Fig.4 Incident Photon Energy— (ahv) 2 curve.

4. F&H

PLD k2 &Y SLG EMR EIZ CZTS BEAZIERL L . £EFMZ2IT o7,

X BEITOFER LD, CZTS O°— 7 BN &, {ERLL 72fEM CZTS TH 5
MFERD ST,

SEMBZEDFER LY, £HE SEM £IZ8V T Cu-Sn-S & & #HEB| SN DRI NFER S U
7o, Wim SEM BIZBWTIIEM L ERLEVWRF 2 SEME2EH Z LN TET,
EDS DR LY (ERIL7-2TOH L B WTEERDBIEFIT IV I L MEDR
-,

FFHM L L TR R e 2B L, TORR, N KXy v 7D 1.5eVIEE
Lo TR, CZTS OFREMEIZKIE L TWBD Z L MNHER I iz,

5. BEE
BFEELMLF DMFZIC B AW Wi-REEEO ARSI W LET,

6. ZEIW

[1] K. Ito and T. Nakazawa, “Electrical and Optical Properties of Stannite-Type Quaternary
Semiconductor Thin Films”, Jpn. J. Appl. Phys. 27, 2094 (1988).

[2] H. Katagiri, K. Jimbo, K. Mroriya and K. Tsuchida, “SOLAR CELL WITHOUT
ENVIRONMENTAL POLLUTION BY USING CZTS THIN FILM”, Proceedings of 3
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BZEEBFIRIZ K D CuyZnGeSes EIED/ESRL & 27 11

Preparation and characterization of CuyZnGeSes thin films

by Vacuum Evaporation Method 1I

iKY HRIFE
BE P, BT Wz, BH OBEE
Takafumi Ochiai, Hiroaki Matsushita, Akinori Katsui

School of High-Technology for Human Welfare, Tokai University

Abstract The 2Cu-Zn-Ge laminated thin films are deposited onto glass or
Mo-coated glass substrate, using the vacuum evaporation method, and the
CuyZnGeSey thin films are formed by the selenization of those precursors at
respective temperatures. The structural, electrical and optical properties of these
films have been characterized. As the results, the single phase of Cu,ZnGeSes
was obtained by selenizing of 2Cu-Zn-Ge films onto glass at 400-500°C, but the

a little of second phase of MoSe; was contained using Mo-coated glass.

1. IZE®IZ

CNFET. HLE Cu-1I-IV-VI, 2 E DL LB DONWTIHFEZIT>THEH 2D
T CuZnGeSey D RIGEMDHRINE ¥ L TRBELRNN Y RX¥ Py T7E2FOI L &R
LT&EE, P

Z Z T CuZnGeSes Z BEAPZEM & LTRAT 27200 EEILDIFEZIT>TE
2o ¥ T ITIH. EERBEEZAVWTH S ZAERB LU Mo EBE L ICHIERATH S
2Cu-Zn-Ge BERBEDIEEZITV., ZNo5E L LT 5T & T CuZnGeSeq EE %15
52CxBIET. ThOHDRICDNT. 2L VMEBEEDEWC L2 HERFN, EXHW
BLUNFHRFHEZ T %,

2. EBRHIE

ISR TH 2 2 Cu-Zn-Ge BREEDFHRIIL TABTEEZAVWTHZ AERB LWL
Mo JEICHERE X Bz, HREEMFIXEZE 10°Tor. h—# )VIEE 50008, BEEE |
~5A/s. HFEEROMEIL Cu-6N. Zn6N, Ge-5N & L7z,

+ L MBEIC LD CupZnGeSes BIEDIERIT, FBEBIE L Se ZNE 15mm D H 5 RE
WCEZ 5~6ecmTEZEH AL, SeE%Z Cu:Zn:Ge:SeD2:1:1:4 &30
{EFEREICHT LK 10 fZI2ED Se BEIT THREABLZ LT 300°C~500°CDFE~LZ D
BETI0HEEL 2T o= £ INSDHETIER L =30RHI N L X (0]
FFXRD)BIE., X MHEEMIEXGTRIE. KDiEE - RUGAIE., F—)VEhREIE, EER

EFEEMBESEMBIEZITV., FHE Lz,
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3. BRBIUEE

WZEZBETEL MO UEEED XFRET/35 — 2 Z T, 500°C, 450°CR L
400°CTELMELEH S ZER EOBBEIZOWTIBEMADESNZH, 350°CH IV
300°COERKI Tl Cu© GeSea IR EDEMED R S5 N7z Mo EME LIT/ERLL /= 78R I
DN CupZnGeSey MRS N T W B M5, —8BIZ MoSe; DEMEMR SNz,

WCEBRETEL ML UEEED SEMEE%Z T T, 300°C T £ 72 RIGH +5212
B > TWRWER TIN5, £z, BN TE T3 400°C~500°CD SEM BEEIZ
DNWTIE, BLU AMEREDIS L RAIIONTIEOERIED L W EAF -0, E&aDk
BEOPEUMBETCREL BO>TETCNWDI &b 5,

£ 12 XGT BIEIZ L BRSPS EE U=/t E T~"T TNED T RTDE
IZBWT Cu, Zn BTET Se BEIDMALER>TWEZ &b oz, T Ge
DEFDORRICH N E T =-0EBREPEL 2D, ZOMIZ Zn BEER L TR
EEBbN5, ZnlZ DWW TIX, BAEDESNT= 400°C~500°CDEREHI DWW T RER
D TN W=, BEIROHREIERF % Cu, Zn, Ge L L7=Z & T L U {LRFIC
BIT2Zn DIRITEHS I LITTE = Mo BMRE LIC/ERLL /=B I DUV Tl MoSe,
DEBEEATVDEED Se DL DELESENT V=,

BEEMIE S N7z 400°C~500°CDEREIZ DWW T HEDER - IRIGAIE 21TV, 2 ZFh
DNy RF¥F Y v 7DBEEEH L0727 2K3ICTT o F DIER.500°CDERELDS 1.4eV,
4m@®ﬁﬂﬁlwafﬂma%ﬂMM4%vtmb ?NT%N»&%W%LE&

WCHIESZ 7= 1.65eVY L {EWMEE x50 THUTHIZIBARSZ L HIZ Zn DT ED
Klf%ét%z%néo

% 2 1% vander Pauw i EZ AWTHEIE L= R — VIR BIEDHERE T T, BAEDES
N7z 400°C~500°COREHI BN TIE, TARTCpRTIEMARIZ 10'Q cm A —F— &N
WI2IEVEYZ R Uz, £, BESERSINZ 350COREINE CH o7z, 2
ﬂiCuEﬁmtbfahfhét@f%ét%x6h6ﬁ%@@ﬁﬂtOMT@%
TIMD = DIZHIET S 2D >/,

4. FL
BZEAREEZ AW T 2Cu-Zn-Ge FEERZER L. 500°C. 450°CHB LU 400°C T L
B LU 7= CusZnGeSes EETHAEME L 2 ¢ TE, L MEBEFE L RBIZON
THERRRDPRELIR>TWARZ Dok, BHEDBEONZEBEDN KX+ v
EBEZF 1.4eV T, NIV EERI L= L SICHESNZIE.65eV)E D /hE D o=,
Mo EARE FICHBI B /- L LEBETIE. CusZnGeSes DAL S LTI WY B D5,
—ERIZ MoSe; ZEME LTEATVWBEREDTH o 7=0

ZE IR
1) H. Matsushita. et al: J. Crystal Growth 208 (2000) 416.
2) m)IIfth: 2002 FEHEZFICAMEFESFFEE p.1455, 28a-YG-7.
3) %&&fth: 2003 FEFILCAMEFSFEE p.1510, 27a-ZC-10.
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Fig.1. X-ray diffraction patterns of thin

films formed by selenizing at respective

Fig.2. SEM photographs of thin

temperatures. i o
films formed by selenizing at

respective temperatures.
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Table.1. Atomic compositions of thin films formed

by selenizing at respective temperatures.

Cu Zn Ge Se
500°C 1.6 0.5 1.0 4.9
450°C 1.8 0.5 1.0 4.7
400°C 1.6 0.5 1.0 5.0
350°C 1.9 0.6 1.3 4.2
300°C 1.5 0.4 1.0 5.1

T 1 T T T

L 500°C:1.4eV
450°C:1.35¢V

400°C:1.44eV

: 500°C .
: 450°C B
1 400°C

o8]

hy (eV)

Fig.3. Optical band gaps of thin films formed

by selenizing at respective temperatures.

Table.2. Electrical properties of thin films formed

by selenizing at respective temperatures.

Annealing Conduction  Electrical resistivitity ~ Hall concentration — Hall mobility
temperature (°C) type (ohm-cm) - (ecm™) (cmz/Vs)
500 p 10" 10M—10" 102—1
450 D 10" 10" —10" 10%2—10"!
400 p 10" 10"°—10'° 10" —1
350 n 10° 10" —10" 1—10
300 — — — o
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Single crystal growthf SrlnpS4 compounds

AARRFEILEFES
ARHER BETH BRES
Masakazu Kubo, Chiharu Hidaka, and Takeo Takizawa

Department of Physics, College of Humanities and Sciences, Nihon University

Abstract

We havestudiedthe chemical raction process andthe pseudo-binary phase diagramef the
SrS-Inp S3 system to grow SrlsSs4 single crystals by means of DTA and-#ay diffractionlt is
found that the supewoolingoccurs at a temperature about 100C lower than the melting
point. It is alo found that this compound is congruently formed and has a eutectic reaction in
the InS3 rich side in the Sr8lmpS; pseudo-binary phase diagramsCrystal growthhas been
performed using the HB method bycontrollingthe super-cooling The VGS method is
adopted to escape the super cooling and also to remain a small part of crystal as the first seed
for the crystallizationEi?™ and Ce’* are doped in a single crystal othe SrlnS, and optical

assessmentis performed.

1. &

Halll, VI R1EEMiE. TRZOMAEDLRICL > TZ RNV F—F v v 7oWENE
L. BAERFREANDELZDICADPHIFTE %50 1512 CaGaySs ®° BaAbS, IZH L%
FIMLEdDIE, BEOBWEERAEFL L CEEZBUY TV, D Ll 2o
ZOEMIE. tEEORIGBRENSL. BMETHILDT. BRBAEVDHEETH L.
REEDIN)V 7 BIEROIERFIS FAEL T, EEMEDBHS PIZIN TRV, Z22T
Hoix, Halll, VI, RIEEBEMOR TS E CIHEFIDEL, D DOEMOIFERIGEE &
Bl s DSLEER ALY SrInSy LEMICER L. BHERBEZIT /2 JTOHERIIDNT
%WWME%ﬁm CDALEMDRIIFED, ERT 3.4eV THAEZHASPIT L=,
ZOMEIZ. EENFICHYT 20T, COBREIREHE ELEFORMAER S LT
ﬁz%?*@#%éo::fi FEe. LB OEREROEMYE . ZDbEWIcE
THETEES,CSNEFMUERBORABEIIODNVTHRET %,

—81-—



2. Stin Sy (LB WD FUGIEFE & SrS-InpS3 B — TTIRREKI DERL

el ERZ1T 5 = OIZIE. StinS4 (EEMORIBRAZ G L. -RERME Z1T
RBITREKDIERDPLETH S, UT TIE (EFZRSOFAERV, L= mRINAE
DIERRZ DTA & XFREFFr OFERIZDOWVWTEILE T %o

)
X1

a. {LZERIGOFHE

EFERETHESNZAERRZAREICEEH AL, (INEZLUT TIEDTAR
BEEMER) O ZE DTARIZANT, 2°C/minTHRiE. FREIEZ1T > 7% Fig.l.
L DTA 2L D SrinS4 (L&D B E—REH DR EEIRE) 2T, L6 HFEE
BAt B I,Ss. SrSLEMD RSiEE, AR 2 DIF=bEMDORIGERE., £ LTT
2 DIFBEM I N SrInS4 {EBHD heating& coolingDBFEZ TR T o InyS3 TN SrS &
SrinS4 LEMDRIGREIX. ZN 2N 650°C. 200°C. 1,0000CTdH 2720 LA L.
SrinSq (LA DEE R, FAL D ) 100°CERVIRE TEEIE . Z@ﬂjA% (=N
ERIBEHE R TEDD o1z, E> T, BERAERDMRIL. ZDEBAZE BT 2 2
EhH B,

b. REEXDIERL

2 B H DRI [BIRBEFETD DTAET & Z DO LM DR X AR ET (L& XRD
C IS DFER % AW T SrS-InS; B Z oK RBRIDIERL 2 1T 5 72 (Fig.2.» Fig. 243\ ImS;
Ib&H % 0~100mol%E TS V=L SDREWDHEE(LZRT . /= XRDEEFTD
8  50mol% T DL A StInSs I B—HHTH 2 EDMER I NIz0

Fig2.& D SrinS4fb&MIE. HBRISZTT I LD 5. ImS;50mol %D RN FhfE
RS D, 3BV, 77/axﬁfwﬁﬁ%mﬁﬁﬁﬁﬁ%a%zgnéo“
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Fig.1. DTA signals of reaction processes -
2In + 3S, Sr + S, Sr +2In + 4S,Srin2S4.

3. BiGR(EH

Fig.1.EX D, SrimSs (bEMIE. EBpEZ
EVWEE T 2 7=, BREIC XL HHEEIE
HETHITIEINZRT B ITRDPMHET
Hbo. FZ T AgGaS IEEMIZIBNTER
EXINTW3 VGS AkESEIC Y, HiIR

DR, EREHZREL, —ERSN
FIZRBE UK Z @B L D ERE S
¥, HERERL. —Hz8REs¥-FE
REBRBICA D FEEAWT, EiE&RIE
BEITo/me COER. AT 3ImmARE
EOHIERZFDHEDT &/, (Fig3hD
HAKSE)

F7=. (ERIL /= SrinS, BfER (EX 20
um) ZRWT, 10~300K IZB1F 3 Kk

W 74T 2 72 (Fig3)o THIZ L B &
SrImS4 {LEH D FEMRUEG (X, 10K 120
T 36€V ‘('\%%)o

Absorption coefficient[cirll]
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Fig.2 .Phase diagram of the Sr3n,S;

system

SrImS+: 20t/ m (light sourc: D> lamn)
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Fig.3. Absorption spectra of single crystal
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4. FEt

StlrpSs X RIRILEMI TdH B CaGarSs 12 C HIFNMT 2 &\ #92.9eV I Ce* 1 > D
MU E L B T EMMESINT VD, 2 Fig3.& D SrInSs (&M DFERINIRIZ =R T
3.4V THBDT, TOILBMIZ CS RIFIMT 22 L THBRAEDAFTCE D, Z
ZT. 7. SiinSbEMDEHRIKIZHFLETE (EP,Ce™) ZFMMU. Bkt
ZHIE L=,

FHTETREROEIFIEEMERI 49 L Imol%d Liz. CDREME. h—Hh 2 TA
BZ3—7 41227 LEARE Tmmo DEBEEICEZEZH AL, Bifiicid LizAE TR
IR LT, EBIL -2 HEREKROIREIR
ZEET B 5, MARICHEL—EBFEDA -
FEHEICFE U TRELBIE 2T o720

Fig.4.13 SrImSs IZ EuE 7z 1d Ce Z 1mol%
HIMUEMRRZHERABORENLRRY
MILTH B, RS LT, He-Cd L —
Y—3mW)z AV, ZERJBTHEIZEL =,

Eu 20 L 7z Tk, RE~TRIN
TR TBIAWE DR O N=. &
7z. Ce ZNL7za# Tl 420~540nm —
T Ce' M AV DHEHRARY MVDE LN, | l
FBRMAEETEL. £z, FigdOmbta 300 400 500 600 700 800 900
Mz B U CTIRA TV B BERI AR g > Wiave lsfigth [am]
7 F IS WJEJLD(J?‘ CRWIZL—Y =01 Fig.4. Luminescence spectra ¢

BTH b, Stln,Sa:(Eu,Ce)

— SrlnseS4'Eu 1mol%

— SrIn2S4:Ce 1mol%

PL intensity [arb.units]

5. S 1& DI ZREHE

SBIIEARFTEEFMUAEEMI OV, FHHEOEE2 TS, Eik
EEBETLITETCHD, /-, HRAETCIHEROREBLZIIN S & HICKELELE
aa DIE &Y k—yhﬁflb\o
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High Pressure Properties of 3-FeSi,

R ARY HPE AT
BAER (E—
Kenichi Takarabe
Department of Natural Science

Okayama University of Science

Abstract High pressure structural and optical properties of B-FeSi, is reviewed. The bulk modulus of
B-FeSi, is larger by a factor of two to five than those of 1V, I1I-V, and II-VI semiconductors but the band gap is
smaller than theirs. In this sense 3-FeSi, is narrow gap and hard semiconductor. High pressure optical study is

summarized in this report.

1. ZUHIC

IANF—=FT N4 R (KBFEMRE) IRBEVMEICLLHT 2-0MENHREINZE L THF
AIBERICE D BREREEEDIERT 2, T CREAFI NS ELFELDOSZVWEREZFIALZWE
DEEIEP 5. HESIZI NS E2HERER 2Rz (RLmHE) LY, MRLxR) »olEsIh
FmskE TR E @R Uiz R THES ) YA REEIK B-FeSi, it Si, Fe @ MZLTT
R oK TED, KBEM, BAEBLR, A7 L7 D=7 ABAANDEED SIHEDBAI
2D DDH Do B-FeSipid Fe 2L &5 d EBFICLBZREVIREEBE AV K+ v 7 (HF I 1A
T & %o WEEE I AR CHABRICEREERT 2, TOEKRT, dEFH/NY F¥ v v 7IEFS
L2V SilcRESINBINE TCOFBERIZBEANTHENIDD 5, d BEFH/SY KXv v 7IlF 5T 248
RELTHANVTINA S 4 N F8EDBH Do CulnSe, i Si, GaAs % S RERPUUREZ DI & HHIS
NTW 53,

B-FeSiy DEFHIEIZDWTIE 7+ ML Iz vt VR, IRINEER, B REAREVHLHIDOD T
HRE 3 TADESNTWIRWODIIKTH B, HFHMEEIZET 2EAMRICOWTDERLH
EXINETICRYES0, £ T B-FeSh EFBEDRFHEZRSPIZT 2B TEHE T ORRBAIE
BV, $REREROER LI 2 BN CE—FUBHEIC L 2 BFHEOH ERER LT 57,

2. EBRAE

aAHT Si ZAR[001] £IC B-FeSi, Z 90 nm TE ¥ ¥ v )V EIEZD LIZ S0, % 100 nn EX TF +
v 7L, SIBRKE LTS BEIR FIZ S0, 2 100 nm BES B2 &FEALEZRL XEr»s ey
¥ P )EIERIENLTED, Bl BEERICIZAE 10 mmBOY A4 FEY REZ AW,
AR w bDORBERICER 50 um, KE X 200 um X200 yum £ THIE, B LR SR, B
LUREABEROINE—RE2EHAEEREEICHALEZ, BIEITERTITo= AFHDOY A XiE 100
um® T, W 730~2400 nm OFEIH TRIE 21T o720

IRUNZ 7 P )VidEde 2 & RS RBIER OFBHBE L L D KDz, REERZERICEET 22 &
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HETHDDT, BEARY MVICTFBREEDNASNERBEEHO L 2AZRFEHRLEDAE LTHN
o

3. BERFE

FLAPW (Full-Potential Linearized Augumented Plane-wave)i%iZ & 2 WIEN97 21— R[3]Z2 AW\ T
B-FeSi, DEFH), HEMMEEZEHE Lm0 B-FeSi, DIEREIZ IR S E(Cmca)TH D, BAIFZIZIL Fe
% 8RF, Si% 16 RFET. MEBEEIRIZ Dusausoy 5 DERIME4]Z SR LI,

4. EREBE
4.1 EATDINY FiEgE

Fig. 1 ZEtBINTNY FIEETH D, mETFHIELIE Y SQn/a, 0,0ICH b, A fFMORBATER
JRED 01 eVEEIANTF NN TVWR I D39 D 2, MEFDRITASIIHDI B A5,
Y=AICBI S ERHEF v v 7D5067eV T YERICBITAEEF v v 7D50.73eV £ 2 TWVB I & D0 h

20 ZOWDBEEXF vV 7L AZRTO8l eV THD, #
FEERTEIDICERICIDVEODSNZEEX v v 7 IdE
BT 0873eVTH 5B,

Fig. 1 \IXEME T (V/1y=0983)TETHE L7z /V Rigigz
HMBFHELEZSBIANY L LTERTH D, itE
XEFNEREE X, RBMEFEOEEZRVWEDE LT
TFoloe DUELZLRIFEIEFH, BEFEOID, 2L
BRIEELE T —RICX vy v 7DHCETHZ, 2D
Cix, AULEAMEMCED Si, GaAs T/ FEED
[ENBREDPERED20/80 FigED, FIZI1E GaAs Tl

ERA KRB

EHEEBLY SHUEEBLABD I LR L LIER R S|
BIRBENTH Do A
g e W S

i

-

B-FeSi, D/¥> RAEIZ 0.1 -02 eV BETH D, EF w2l e |
YT S il L »

RORLELTW B, BRATIEE FIRINPRAS N

~ e " e N Fig. 1. Band structures at V//'y= 1(e) and 0.983(¢) along
%o T/ RESEDFHIL p-FeSt O RAIEAKRE < fE high symmetry axes. The valence-band maximum at ¥
STTYNF UEBNINWTI L d EFOESHAREL point is taken as the reference energy.
EHBHEELTWAZ LICRET 2,

=i

4.2 ST DIRILERR
RICEERIIEOE AR ERD B2 DRAIZL DRI VDT 4 v T4 2 T2IT5 20 R
HIE—FHOREFH LIREHDPNRBICEFETDE2ET VA TH 5,

e (fi— B )
ha

I 2T alZRIREL, ABEE, ho E7 4 MY ZANVF—, EgdNY R¥ LT THD, fIFTETFH
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BRI L BBEIREBEEDINS A5 TH b,
Fig. 2 IZRZA M7 4 v bDFERZRTE S 3 GPa

T
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REDONEZERICBITZ2EERIFDORIZE  Fig. 2. Experimental absorption spectra at two pressures

TIHFELL 15.9 meV/GPa T Bo B HISN Gaas Wit the bets-fit curves.

D BEHERINES T TDEHHREUNL 108 meV/GPa T & % oB-FeSi, DE J1RENUL GaAs DIED DT H 1/16.8 TH
D, MOTNEINWZEDDNPE, COBVWEZEZ DD, £ IARERIEENBBEICRD, GaAs DfEld
75 GPa T&H 5 Z & HEERA], HEFRANCFH SN T WD, Fik DEERIC KUK B-FeSiy Tl 244 GPa TH %,
€ > C B-FeSiy 78 GaAs K DEEVWC L IFBEEMZNIL 33 ERETH 5, BI EITTIIEIRED 48 %
BELPHATER . TITHAY FX v TERERT v )VEEIBLTHS &, B-FeSLTIL ¥ AT
-24eV TH Y, GaAs D - 8.33 eV IZEIANT 2.4 FIRE /N W, B-FeSi OBEEAHT V¥ v )VDEDSEREIC
INSNWT &L, REDHENT B ERETFHROIRINF =D LB TNWEDTIERNDP LB TIBEI N5,
GaAs FOR SN = FEBARTIE, KESHENT 2 L RABFHEOTRIVT—DTHEI MBS AT
Bo COMRIEZEVNE2LWTH B, MBFHDIINF—DBTHZDIL, LEEENERSED?SHEE
FHEPECRETH L I L DERRFE L LTEEIN D, BEHFIRIF =D LD2DE TG
BIKRETH B 5 TEH Do B-FeSi, DN KX v v TOENBEDBMMOD TNI NI IE T D2 a2 BAA Y
ESRNWIEEBRLTWD, DEDDRBIZHITINA 54 FEBERTH D, METEOANIT LD p
WL HEBOD d PUED p-d REDHER, HETHIIH I NERESRETH S LOMMTH 5, T
HBLTB25E, GaAs ZEORBFHED sp BAIC L D HEERETH 2 L OHRPEABERL, @ET
TOENREOFSHRILE Z L BT E 2,

it
s ]
“imy

4,3 WU AR )L — 35k & BBERD Lok —
HFAELS IR 7B OHFE CHERMICE - R
2T M VEFTE Uiz, N FEHERIBEENBEERAIC
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Fig. 3. Experimental absorption spectra at ambient
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SFEINZEERINZ Y bVISERFERICRIREDIEZ 2 2 & D32, Bl 2IE v IRARIZ R R 2
MULERTH2E,100em™ 2 1.1eVHETEL,ZI2S5FHUEIL 10° ecm’ 1T 1.25 eV (TIETET %,
Z D 2 ERPEEIMIZMDRAERRY MLICH REN5, 1.6 eV (FHEZMZ 5 L IRAIC L DRI ~=Z b)Y
DEFZ L, KERIFANTH 2. o THRERNRAMEIN Y FF¥F v v THEICEETCH D EER
3

EERIRIURENZ 10° cm™ 12 1.4 eV (HETET 0 ZOFHITEHE & EROBIUREDMEILITV . D
I AV F B CIIEERNDZEIITH 2o B2, TOIH LD 0.5 eVIFEEWT XV F—SEEHTIE
EERRRIREDERERL D 2 -3 T O RE o ERERICITBIFERIUIE D AN S TRV, [
BEIRIRDERDBIZTH 5 2 L 2 EZNEZOFSFIIEFRIUCER T/ hTWEBb 5,

Tlt, ERBIBHDSERERL VD REVBII VWL TEDHREBEANE L 550, Z2 CTIHHER
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5. BT

B-FeSiz on Si(001)D@&EE FIRUGRE ZEIE L, H—R2EHABICL B/ FRERIRZIRY ML EEIZ,
B-FeSi, DBETRINDFREER LIz, /N R SIIRIEBBREOEBATH D, RINZXT ML
MHEDDIZZFNILZLDEE DN B, 156 N=BEERINGEDE HFREIL 15.9 meV/IGPa TH Do R <
FeNiz GaAs DEFREREICBANTHEEINS VW, ZOERRERIERZ T CEHPTET, HE
FEMAER N TEZ AN F—HIIEB < DTIERWDP EDRREZIRTR Lz, MIZSBT 2 EEEER
DN, BETIERILAER LB Zd0IfRa L7=00),
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~Si R _HEKEHERE GaN BE0D EL EF~DIhH~

Study on GaN-based light-emitting devices grown on Si substrate
~Fabrication of GaN-based electroluminescent devices using low temperature deposition technique~

Tky L5 BFLEH
BAR BA, Ml #AF, LI E—, /hNER Bz, KH & )1I1E &g
Yohta Aoki, M. Akiyama, S. Egawa, N. Obinata, T. Honda, H. Kawanishi
Department of Electronic Engineering, Kogakuin University

Abstract The GaN layer was grown on (111)Si at the low growth temperature around
450°C by compound source molecular beam epitaxy (CS-MBE). After the growth, the streaky
patterns of refraction high-energy electron diffraction (RHEED) were observed. The x-ray
diffraction (XRD) peak of the growth layer indicates that it is oriented to the c-axis along the
growth direction. The photoluminescence spectra at room temperature started from the
near-band edge of GaN, whose peak wavelengths were around 400nm.

L. XE®IZ

SiEMR ED GaN RFEHFRF DEUEIL Opt-electronic integrated circuit (OEIC)& & DEE
R ZRBLET 4 A7V A~DORADEFETE 2, SiERIC GaN ZHEKERES
R EIEMOVPE)Z L D 1000°CIEVWERTHRET 2 E REICHELT % Gat/E IZHIR
SIDBTHET AN MY I T wF U I DBRIE L RB[1]AEMERS FREIE Y X
+ )V R IE(CS-MBE: Compound Source Molecular Beam Epitaxy)id. GaN #K z Z&F R
ELTHERAT 52D TEED MBE i & LA TRIR T GaN BEDED A T & 5 [2]0
Z 2T, CS-MBE #EZAWT Si #R L2 GaN BEZ KRR B 2HERIZDWTR
=9 %o

2. ERF

ARIFFLTIE Si HER EIZ GaN Z AR L 7=. ARAICIE BHF FIZ £ 2 EREF &
1000°C DY —~ )V ) —= > %4T 572, CS-MBE Bk E DJ/F#HIIE GaN ¥ K (4Nup,
EHE AL RS Z AV 72 0GaN 3 RIZ 2 I)VIRE 870°CH S 930°C THREX ¥ /= .GaN
BIRIE. DI EMREE 27°CT Ny 7 7B | BREME I . 2058 ERIEE 400°C
D5 550°CT 5 B E Z1T o720 GaN #EfE % RS SR E FHR[ET(RHEED). X #&[E]
#F(XRD). Photoluminescence(PL)IZ & > TaHIli L 7z0 7=, SiEAR ED GaN #fE % H
VT EL 3 T (Elctroluminescent Devices)DEUEZ 1T > 7z0 GaN #fZ LT Si02 & IR
A2 a— N LUTERLEZDOLEREZZE LT B L7z ELEZE FIERAKEL 300V,
EREL 1.1kHz D/ )V ZBEZEIMU TR ¥ =0

3. ERERUEBE

HEIRRE 400°C & 450°CTHUEL 7= GaN #ED RHEED %X 12 12”9, HERE
FE 400°CTHEYEL 7= GaN BIEIIX 1 BT ENT7 7 A TH DI &DbH b, BEREE
450°CCEYEL /= GaN BIRIZ X M) — 27 O RHEEDZZE BT 22 LTz F /2.
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XRDIZLBBIFE(O-20)THEIITA 20 = 34° (TiHICE—2 2B L=, COEENS
EMBE 450°CT Si HER EIZ GaN @D SN TWB Z b o7z, BKEED
RHEED 2IEEFHDO AR AMEZ 30° MERLTH A M) =03y = ZEEIT &7=,
F7- XRD CHRIFrA 207 34° TiRICE— 0 2EBITE/=2 &5, GaN OfE&iE ¢
B L TWAdDEEZ S5ND, X 31T GaN BIED PLX«& NU%ERT . GaN
DNy RETE L DILE LD 2 ELREDRAEZMHER L= K 412731 AEE &K
BEEZTT, 71 ALBEBDHNEEZ LT\ =,

4. fEw

CS-MBE J#Eﬂ%mf(m)&ﬁtwi I~ GaN EEDKIRENE % #4720 RHEED. XRD
DFERD S ENEE 450°CE WHRIR T GaN EREZMET 2 2 DT & /-, EIREE
A00°CTIETEN T 7 ADHRBIND Z DD o/z. CS-MBE EDHERAE TIEE
MIREDS 450°CRREULMNETCH B I EBbD o=, 720 SiER LD GaN {EfE%
ELZFAA LR ZIER L=

Fi. 1 RHEED pattern of GaN film @ 400 °C. Fig. RHEED pattern of GaN film @ 450 °C.
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Fig. 4 ELDs structure and emission pattern.

Fig. 3 PL spectrum of GaN film.
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Sizecontrol of GaN nanocrystals by sedimentation technique

TERAY TEH BFIYH
KL @FnF DI iE— R ORE Al RO JIPE SRE
Akiyama Miwako Shinichi Egawa, Kohji Matsukawa
Tohru Honda and Hideo Kawanishi

Department of Electronic Engineering Kogakuin University

Abstract  The sedimentation technique of GaN powder is an effective process for
applications to low-cost light-emitting devices [2]. We consider that the light-emission peak
will be tuned, due to the quantum size effect, by controlling the particle size of GaN
nanopowder. The size control is a crucial issue in the fabrication of UV light-emitting devices
without the use of AlGalnN alloys. In this paper, emission-light tuning of GaN powder
deposited by the sedimentation technique is reported. The emission peak of CL spectra
observed from a sample with small particles, with average diameter of about 300 nm, is
shorter than that of a sample with average diameter of 540 nm. The results of XPS with an
etching technique indicate that the nanocrystal had a GaN/Ga,O; core/shell structure.

1. XD

GaN IR AZFADIEABBRAIITON TV AHMETH B [1]le ZOENEFOD
BB DI Z AT 2 7= DITKB T OEE, Zfie ERDFERADER L2 S [2]o LFEE
& D GaN MK ZHBES B2 RAZRTFIZO—DIZLIFSsNB3]e ThERHTS
CIRBIZT B RSB EREZE(LI T B EDAEEE D, AR TILIREE
£V GaN MK DKAEDHIE Z 1TV, FDFHHAFEEDEIZONWTERET %, F /=,
X-ray photoelectron spectroscopy (XPS)IZ & D EIE L /7=#EFR Tld GaN $3K I core/shell
BiEE > TWB I Db,

2. ERFIE
BLERT7Z—)VEfTRo7= GaN ¥k (MiE 4N, SME(FEE) 2RAW=,
ZD GaN pk%Z 7L b o HTHEE LR, BRI CERLICHEZE 2, &
D& E, BIRPOLEAHBELES R 2 HEE LBAREE DRV ZERZ RES
BEHEICL > TCHRIBORES S ZFIEIL 7=

3. fEE

Fig.1 |3 SEM CHEEz &I L ZIROKNENME ZDEEEZRLEHDTH %,
EBAWELES BB, GaN MR TR CERBFIE-HEER., LEAMWER
DRV =B ERE S EEBZ B LD TH D, JOR, FEFIEIZE
pEEEZEEIE 22 8I2L 57T 300nm. 450nm, 540nm ¥ & L LU/=, F/-. KifF
PADELDHENT=. TNZNDOHEREED Cathodoluminescence (CL) 2 X2 )l
% Fig.2 2T $ o RAZFTHE 300nm DOHEFEE TIEENE— 7 HED 365nm TH -
7= DIz 3 UKIFZFI9EDS 542nm DEEFETIIR Y — 27 H KX 385nm TH o7z,
LoT. KIRZHIEHTZ I LICEIDE—VHEZY 7 bR BIEBAREE o/
CWR B, £/ XPS ZRIELEHER%E Figd IInT. v F U /RBHEESLTY
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IZD2N Ga,0,DE—7 BN h, GaN DE—I7BREL >/, Lo T GaN
K& GaN & Ga,0,D core/shell & & 2> T3,

4., EE

300nm D5 DFEMIFEFT A AMRDPIEEL VWS EEZ NS, Figl L b
ZAIEHZB IR LI L>TEFTA AMEDBESND GaN I FOE|GHTEZ T
Wbe L2TCL AXRY MVDELIZEFT A ANMEDEZE L T2 GaN DR
DD LI iBBDEEZSND, Lo T GaN I KRRIZT A XMENFHE
ZMDEEFNTVWDEEEZ SN,

5. #twm

IEEEZEE TR LIC L DKROBIRDBARETCH D I Db oT=, /22N
5@ GaN HEEBD CL A7 MUIHII SN ZRFBICE D E—=VHEEIZEVWDAS
Nizoe Lo CHIRAIICE D =V REEZETT A ENEETH 0
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Fig.3 XPS spectra of GaN powder
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ha¥iRRl D FRHEBEIC K S Mg k—7 L7=9ERE GaN EEDRE
Fabrication of Mg-doped Amorphous GaN films deposited by CS-MBD

TEEAY I3 ETIEH
NHE Bz, R B, A5 Bih, HI8 0%, KE & )18 &K
N. Obinata, Y. Aoki, M. Ishibiki, K. Ijima, T. Honda, H. Kawanishi
Department of Electronic Engineering, Kogakuin University

Abstract Mg doped amorphous GaN (a-GaN) films were deposited on (111)Si using
compound-source molecular beam deposition (CS-MBD). As increasing the amount of Mg
doping, photoluminescence (PL) intensity of the doped a-GaN was increased. The surface
morphologies of Mg doped GaN films are changed to transparency as increasing temperature
of Mg cell.

1. 1 XCDHIT

L EERD FHEHEFE(CS-MBD)%IZ 7 £)V 7 7 X GaN Ef#(a-GaN) DIKIR HEFED
AJRERMERBITETH B [1]e LU, BAETNNA ZAARAT BT EZT T4 ’C%%
EFEZTNWD, a-GaN HRIZ Zn 72 R—79§ 2 2 L THEABEMSIEMNT 52 & 30D
S TWB % 2 TAMZIETIL.CS-MBD kIZ & 5 Mg K —7IEERE GaN %8 (a-GaN:Mg)
ZEYELERRICOWTIRE T %,

2. EBAHE

CS-MBD EDFEEHIIE GaN ¥ (4Nup) & Mg(3N8) & /= {HAZERIZ(111)Si %
W =o (111)Si ZEARIE — AR 728 #IE & BHF 12X 2 BBIRDIRZE B L KK
(%4770 2 LT, HEMBERTIC S00°CT 1 BERIEA L 7o a-GaN:Mg I3 GaN D)L g
& 920°C~960°C., Mg Dt )ViEE 150°C~210°C. EIRIEE 400°CT 10 FFRAHEFX ¥
720 BUEL/=%ME(X X-ray photoelectron spectroscopy (XPS). Photoluminescence (PL)
Atomic Force Microscopy (AFM)IZ & > TEHi L 7z o

3. BRERUOEBE
K127y F—79EREE GaN & & Mg F—7JERE GaN ZED XPS A7
MVETRT . Ga2p BIEICIE Ga & N DFERIZL B E—2 1119[eV]). Ga & O DS
IZLBE—2 1121[eVID 2 DOE—I BBl NZ[2]. £/= Mg F—7JESRE GaN
HEIEIZIX Mg2s HluBD B —2 55 90[eVIICERBIE v/=. LLED S CS-MBD #iZ L b 8
ELEEEIZIEGa E NDEEB IO Mg DEEDERTE 2, M2 ICERIZIBIT3
7 F—79ERE GaN #E L Mg F—7IFRE GaN BEO7 4 M)V I A v XX
fxb MW&T?O FhERICIZE — 27 E 325[nm]D He-Cd L—H¥ZHW\=, Mg %
R—=T7 922 LICLDEBLSREBOEEBICNINT 2EETOHKABEDERDGR
S5N7zo SI0m)TILICRSNBE—VIFRERIZZTENTVWS Ga & 0 DFERICL D
HDOTIERVWD»EFZ o5NZD,. BERIZOWTIETETH %, 3 IZBYUEL - ERE
DERBIKEEIZDOWT AFM IC I DERBIL =R ZT T, 7 F—7IERE GaN E%
b MgZ210[°CIT R—=7"L77=ERE GaN HEO A DIREERAICB VW TFETH S
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TEDEEEINZ, Mg 2 F—7 952 L IFEREOEEMEE EIF2DICHERNTH
BEEZOND, T2, ERE GaN FIZIERBEFINESHEELE L. JERSHILITR
S>THBD, lIfETETHZ Mg 2 R—7322 &2k b, FERE GaN HORMGE
DD U=/, FAEEEIIEARL, BEEOFHEMESELELZDTIERWDLEE
25N,

4. it

CS-MBD (EIC & D Mg R—7FERE GaN BEDEEZ Lz, PL ARY MIUSFE
EBE GaN HEIZ Mg 2 F—7 922 LIIHALBELZIERITZDIZBENTH D &
WO oize £/2. AFM ICE > TCEAREZMT Lz A, Mg 2 R—73 32
CIIBEEREOEEMDE EICEMTH DT DD o7z, a-GaN EEAD Mg D K
—7EBHMTH B,
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Fig.1 XPS spectra around Ga2p and Mg2s core levels. Fig. 2. PL spectra of deposited GaN and GaN:Mg films.
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Fig. 3. Surface morphology of a-GaN:Mg films.
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Characterization of Sn doped GaAsSb films grown by molecular beam epitaxy
on (001) GaAs substrates

RERMRIZRE TEHFER
ORH Eh, EFE K IE BT, BR Rk AE EBERE
Tatsuya TAKEI, Masaru ENDOH, Ariyuki KATO, Yoshio JIMBO, Naotaka UCHITOMI
Department of Electrical Engineering

Nagaoka University of Technology

Abstract Sn-doped GaAs 75Sbg ;s films have been grown by molecular
beam epitaxy (MBE) on (001) GaAs substrates. We investigated the dependence
of carrier concentration in the films on the temperature of Sn K-cell. The
conduction type showed the p-type at temperatures less than 670°C, and the

carrier concentration increased in n-type region with increasing temperature.

1. ZC®iC

GaAs «Shyfb BB IRIE, SHERXICE DN RF v w 7% 14~0.7eVORETE
ILEXB BT EDTE D, GaAsys;Sboas CInPEMR X R FEESDEN D=0, IEHBEBESD
BTRAVWSNDERMNETDES - ZHTINA AADIGHPRANT DFEG /NI H—F b
ZUVRIDAV IV IYBADIGEDPSIEFEEINTWVS, LP L. GaAsixSbhyid.
QIO VIETEEZ AWV =OIEDSBEIZEARFEROEMGEAERSI . />~
F—7"GaAsSbETClE pEZET T, RKIFFETIZ mM)@mﬁWL«&b—7b#
GaAsy7sSby sBIEDO T X X v )LAEZITU. %@Eﬁiﬁwﬁ:t% SO BERIC
WTCEANRT=,

2. EBAE

T ARTOFAFHE, (001) GaAsEMR LIZHFIRETESY F 2 —(MBEREIZ L > THEL
=0 MEZME LT, As/Gafluxtt# 20, Sb/Gafluxtb#z 0.6 IZEZE L. Snt)ViEEZ
500~900°CO#EHETEIL S ¥ /=0 BEAKIZ. & T GaAs Buffer@% 580°CT 0.1 ¢4mbk
EIH /=18, Sn K—7"GaAsg15Sbg sf@%Z 430°CT 0.5umT Y F o v )VEEZI B,

B EH OEARFZHEIL RHEED I & D in-situ 153 X 41, Sb#HAKIL XRD FEHT D> & Vegard
DFERNZ L 2THRE L= v ) 7EE, BEIE., #EI1EIX Van der Pauw EZ AW /=
Hall R RBIZE D 5 K& 7= 0 Raman HELBIEIL. BAEELEREIC L D EIE . X
WZ1E 514.5nm D Ar £ 4> L—HYZHW\Wiz,

- 05§ —



3. BRBIVELZE

A EFREIZRHEEDIZ & © Tin-situBiB S 1. 650°C TERLERFRZE 21T 5 /= GaAsE E
B I, GaAs bufferBAETRIXQXH)EEZE. Sn K — 7 GaAsg15SbosBALEA (4 X
MHEEZT L. ER. BEREEZ 100°CICEET 2 & (I X DiEE L 72 o7z RHEED
N =23, TRTRMN)—=DIRTHBZEME, 2 RTHAEDER I NT=,

XRDQ 6 /0)BIEEDFER P 5. SHIREDIENNT % IZHEV)GaAsSby(400) B — 27 DMK
BEMIZS 7 ML, BFEBEDREL R >TWLEIERINZ. T DGaAs.Shy
(400)E— 27 L W IEFEHZ K, VegardDEB|Z# AWTShiEEZEBH Lz, J DIER
L. EREE 480°C. As/Ga fluxtbD’ 20 THLE X 1172 GaAs . SbyiEE D ShAR L. B
EHRDSb/Ga fluxtbiZ B L TEE L. T OLETICBIT 2 LR EIZH 025 TH -

Fr ) 7EE, BHEBLTIEMEIL, Van der PauwiEZ AW 7= H—) )V RBIEIZ
£ O\ BE 5~300K. #I5H 1~-1TO&EATHEE L /=0 Fig.1 {2 300KIZH T 5Snt)Vig
BT 22Xy ) 7TEEODEAZRT BIEDERN S, Sn K —7"GaAsg75Sho.1s /Bl
Snt VIBED 500°CH 5 650°COR TldpmBM %R L. Snt )VIBE DA 40 F
Y ) 7BEIIRD Lz —A. Snt)WRED 670°CLLETidnBmEEZTR L, Snt
JWIBED FRITHEWF Y ) ZEEIZEM L. 800°CHmI T 1X10%em™>¢A3F0 L=,
CORERLD. /¥ R—TGaAsSbED TR pREEMENSSNEFD R—E > 712 L > T
K-celli2E 650°C~670°CDZEMFDSnREFIEE 2RI n B EBMEICE(LT 5 & bbb
%o Tz, WIMEIEF+ ) ZEEEIMIENED L. ¥+ ) ZEEN 1X10%m Lk
T B RIKTEEZ T L=,

Fig.2 12 300K IZBT % Sn LIVIBEIINTA2BEEOL(LZT T, ZOBRID.
BEEIL o AEEE 2R TEBETIE Sn B)VBED LRIZHEWVELD L. KAz p Bix
Bz RT&@ETIIEMUEZ. £/, /> R—7 GaAsSb #ERE X [LE: LT, Sn Z %R0
TAHIETHEENENT A EHLDo 7,

Fig. 3(a)-M)E. ER L 7= D RamanBELBIEDFER TH %, Fig. 3(@IImT &L
12, GaAs¥ / > R—7GaAso.13Sbosg7Z tb# LT, Sbilpktt D&M T 5 2 & T,
GaAs- LOE— 27 MMEREENZS 7 LB D, GaSbt— 27 £ GaAs-TOE—2 DEbhE
TSIz, K@)-(b)DSn F—7"GaAsesSbo1slC BT, pBEEMZ R U 7= 5851
TiX. SneVBEOEIZ»»PDLSTIRIEFRLE—2 2R LED, nBEEEEZRT
I TIE. Snt)VBREDEIIZHEVGaAs-LOY — 7 1FHED L. GaAs-TODE NN % &)
AL 726

4. &

Sn K — 7'GaAsSbi#fR & MBEWXIZ & DR Lizo Sn)VIRED 650°CLL T Tl pH
Zrm L. v ) PEEDEAD Lz, 670°CLLETIE. nBiZ R L, Fv ) ZEEDEN
L7ze Sn%Z R—E2 73 50 GaAsShEEIX. SnZAKEIZLEFI LT 5X10"°~5x%
108em>DEHETF+ ) 7 EERZFEITCEEZ DD Do,
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Crystal Growth of Novel Ternary Compounds by MBE

HREBIRFRER TEHFEH
PRI, BARNAT, V.M.Smirnov, HiRFRE, AKFE—, AkEkE=E, (oREREE
K.Minami, J.Jogo, V.M. Smirnov, H.Y uasa, T.Nagatsuka, T.Ishibashi and K. Sato
Department of Applied Physics
Tokyo University of Agriculture & Technology

Abstract

We report the crystal growth of novel temary compounds MnGeP; on GaAs(100)
substrate using molecular beam epitaxy technique. Mn and Ge were supplied from solid
sources and P by cracking tertiary butyl phosphine (TBP) gas source. Almost
stoichiometric film was obtained at the conditions that Mn and Ge flux intensities were
equal and TBP flow rate was 1.6sccm. Growth temperature was 415°C. This sample

showed XRD pattern like Pendellosung fringes and in-plane magnetic anisotropy.

1. 1ILHIZ

W, FEEMEHS Mn EOBBEBITHRERN —E L7 Ul 5K RN
DB, FEER AR TOMELFFNRE A, L-EX-HERE N5
LW REM BLEL T Z2H DTV D, TN ET, BB RO IEIL, IV &
E OV L EWFEERIIMI R CrE 2N - I LImb O E<RESNTEY,
WBENDEERHDLDOD, ZNoDWEITKIRTOLREMEERIETHZEMND
Mo TWD, B EEREZAONDRF~SALLEE X GG | EiR TS
BETHIENEREIND,

ZOXIRIOT, F 2 TN ET, I-IV-V, A /LT A CdGeP, T
" ZnGeP, N/ BEREEMEDOEEE Mi F—ELZICRIL, 2hbo
CdGePy:Mn K OY ZnGePo:Mn M ZEIR(F 2V —I1RE Tc~320K) T x HiET 5 &
ERELTE, [12]LnL2nisb, ZRODMEFEERBIT, R E KR
2 Mn ZBVER S TERL 2O T, HEESFMICX LT Mn B ENY — Tl E£z
HBELREIBEDRARETHY, EHEERBROAN = AL R THETITLIELR
mole, Tz, @ dnE 722 (Cd,Mn)GeP, BiERERELZIFRL | ZOMIHEFTMZTTD
VB DD,

Fio. FPROBILENIC Lo TERIL 72 ZnGePy:Mn IZBW T, X MHAEBEF o HIE
(XPSWZEBEDFRIEDFER . REALIZ Zn 1 IBRBEN T, Mn,Ge,P DA NHBEH
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ENADZENREESNT, [3]EBIT, 400°CIZFBITH Mn A B /% O R 5 & EEFRRE
PT(RHEED)/ 3% — i, EBIZHNaRATAMEEZ TR L TV o, 2D ERRFE R
76, ZnGePax:Mn OREEIZIX, BARITIIFEELRZWET O Vva (/T4 Rl
MnGeP, WERESN TWAZENTIEENZ,

FIT, R BIETHA(CAM)GeP; IZELH ., AEl, ALaAT74( HE
MnGeP, DIFEZFERTHELLIC, BmAaBERERREELERTAZLZBRIE LT
ERE(To72, ZTORE T, HFBRTEZFL —(MBE)EIZLD GaAs(100)E 4R -
~OD MnGeP; DFEEREE LEHIZOVWT, ZNE CIZBL NI R e R ~5,

2. ERRUHER
MnGeP, EED L F1T. MBE &% VWV TiTo>72, Mn BEXW Ge IOV TE K &
JNZE»TREEY =22 AW TH FRELTHBLIZ, —F . P T2 TiFZ— v
—FFNTF AT 42 (TBP) HAY —R%& 70X 7 2LV G R A LTt
L7, EARIT MR GaAs(100)2 AV, H5H U8 HyO+H0+NH3 IR AR IR 12 &
STTyF U VB EHELT-. MBE F =2/ S—DHEFEIL3.0X 10 Tor BE THh 77,
INETIZ, ZOOREEERL Tz, FNOD MK §M% Table.l (27T,

Table.1 : Crystal growth conditions

Mn flux Ge flux | TBP flow rate | Growth Depo.time

[Torr] [Torr] [scem] Temp. [*C] | [min]
Sample#l |2.0x10% |2.1x10°® 1.6 360 20
Sample#2 [2.0x10% |1.3x10°% 1.6 360 20
Sample#3 |2.0x10% |2.0x10?® 1.6 415 60

Sample#l &#2 1E, E£9 EH D Mn:Ge L3

AR FAANRETHD 1:1 L7255 M4% Table.2 : Composition ratios
RAES DD, Mn 7Ty AREE—TE
L. Ge 77y 7 A BALSEIZL D TH D,
ZD&E, TBP DR EIE 1.6scom (ZEE LT,
Fio, BRIBEIL 360°C THoiz, Fonic
HE DML, =RV F—S8E X B
JEIE(EDX)E AW TREEL 72, R P DR F L% Table2 (277, ENENDRELD
Mn & OVP DfEIZL, Ge (ZE>THEILZI TS, Sample#] K U2 DB DD, Mn
& Ge D7 Ty AEERFELT HIET, AMFA AN Mn:Ge LEA/ONDHI LD
Dholz, VT Mn & Ge D7 Ty 7 AEEEZFLL, 7241, #2 LFERIC TBP it
E% 1 .6scom EEEL, ERIBER 415°CELI-H D23 Sample#3 THDH, ZOREHTH

Mn Ge P

Sample#1. | 0.99 1.00 2.67
Sample#2 | 2.09 1.00 5.20
Sample#3 | 1.03 1.00 1.89
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3. F&

E(RSREL A T 5 ARE 8K (Cd,Mn)GeP, D B SR EEL1SHT-HD—>
D77 a—F &L T, MBE {EIZLD MnGeP, EDREEZIT o7, Mk &4
Sample#3 DEE, 7205 Mn R Ge 77w 7 ABRENZNZH 2.0X 10°Torr, TBP
E l.6scem., FLRIEE 415COEE NFITARFA AN 2ERZEAZENHFEZ, F
7o, ZOEEEZ XRD KUY VSM (280, fE@MER CBRFELFML /2L 2 5,
Pendellosung 7V Y DX RE = BELN, D OBEHNBEIESEEFETHHO
Tholz,

TOMFEIL. ERETIKRF21HE COE 7ur o ulF ) RKEME I 7/ D
—RLLTIToTCWD, RAFFEIL., B 78 BARHT 3E(A) DB E ST T,

SE R
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Photoluminescence spectra of stoichiometric rare-earth molybdate and tungstate

compounds

RESEMBAFERE, *RACKFL B HHFZERT
AT, TUvRT7 -e7 AN, KPR, RATZ
Nagaoka University of Technology, * Tohoku University

A. Kato, H. Najafov, T. Shishido* and S.Iida

Abstract Photoluminescence properties of stoichiometric rare-earth molybdate and
tungstate compounds have been investigated for the first time. NaNd(MoOy); and
NaNd(WQ4), show an emission around 8900 A which is thought to originate from the
transition ‘F32—Tos, in Nd**, LiEr(MoOs); shows emissions in the visible region
which are thought to originate from the transitions 2H1]/24>4I,5/2, 483/2—*4115/2 and 4F9/7_—>
4115/2 in Er'".  These Nd** and Er** emissions in stoichiometric molybdate and tungstate

compounds are the first observations to the best of our knowledge.

1. IFLHIT
A3 —V—EEL TANMFA AN I/ F/H LELEMICEBL, 4L —Fh
b CaGaySy D Ca & &H LFBILE THD Eu Il 100 BB LA THEILEMDK
FERMEICOWTIAN, L—Y —EL L CoREE N H A2 RLEZ D BT, £V
TFE U 2AT B LS YR O =1
DAF & ZfMOALFEAA(Nd, Er, La
BEYTEBRLZ(100 %) AR FA AN v 77
+HEILEDEIERL, TDOREXLRFEIZ
WTCHRAN, FHRZ2FTREEZ - TV A.

2. EBH I ehidiin
NaNd(MoOs),, NaNd(WOy),, (2) (b)
LiEr(MoOy)s, NaLa(MoOx)s, NaLa(WOy),, e e
DO ERESR S mm RNTER{ILHRE R
LT R LEITBILV TF UL 2T Ty
g2 DLLTHERLE. Bon-BERDE
H% Fig. | IZ777. Nd TE#BLHE RS
NaNd(MoO4),, NaNd(WOy), IZ& 6,2 24,
Er CE#L7-#58 LiEr(Mo04), 1ZHk R, La

T B ;L - & NaLa(MoOy),, Fig.1 PhoFographsof(a)NaNd(MoO4)3,
(b) LIEY(MOO4)2, (C) NaLa(MoO4)2.
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NaLa(WOq), IT&EBIZEAFZHA THhoTe.

ZE H(PL)A T MLV DOBIEIZIL He-Cd L —% — (Omnichrome 3056-10M, 325 nim,
10 mW) 7213 LD BhEE YAG L —3—® SHG(TIM-622-120, 532 nm, 120 mW)Z il
BALLTHY, BRENLOR LS HE (/43 RM-23) 2L, XEFBEE (&
MAARR=2Z R943-02) £ 74 b V2 (IRAFRR=2Z C767) DI EHEE7=IT
AN CCD 2 2% (Andor Technology DU-4200E) % AV T L7-. 1§57z PL A
NI L TS AR ERHEZEL 7.

3. ERLER

Nd CTE#L/- & TIE 532 nm BIEE T 8900 A (T EDHAE N AIS
7(Fig. 2). 2D 36T Nd #I0 CaWO, <°
HIZAZBNTL —F —RIENEBISN T 100 — . :
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111, B NTLD 1.06 pm (HEDFENAE
Bl T&x72h o722, Nd- 3 % s
NaY(WOy), f&da D 8900 A {3 TD PL A
~Z L IEDEELIMEN S, 1.06 wm fFUT

LIRWEXNFEETHEEZTWAH. Nd  40F
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Fig. 2 PL spectra of (a) NaNd(MoQs),,
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RESNTWEN 9, KFEAS LD E
RIZRBRo12 I THD, ANAFA AR 20— '
L —F —EEEL TO R RMEDREFHC LEr(MoO,),
i, 5%, XFEALLOBBEORTTLED, &l
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Fig.3  PL spectrum of LiEr(MoOy),.
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100 T - T v T T
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FIALIZL— —RELHAIN TS 60 |- RT .
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MR, BT HECRENEREORE Wasiemgth (/)
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Characterization in the Maskless Patterning of Sol-Gel Processed
TiO,;-Au Nanocomposite Films Produced by Frequency Doubled
Q-switched Nd: YAG Laser Irradiation

S. Chakraborty™, R. Nakao, H. Sakata™, M. Wakaki(",
A. Yoshikado®, and D . Chakravorty®

(1) Course of Optics and Photonics, School of Engineering, Tokai University,
Hiratsuka, Kanagawa 259-1292, Japan

(2) Toyo Precision Parts Mfg. Co. Ltd., Kashiwara-shi, Nara 634-0836, Japan

(3) MLS unit, Indian Association for the Cultivation of Science, Jadavpur,
Kolkata-700032, India

Abstract Maskless patterning of sol-gel fabricated TiO;-Au nanocomposite

film on optical glass slide substrate was attempted using frequency-doubled
Q-switched Nd: YAG laser irradiaton. A sheet beam of Laser was irradiated directly

or indirectly via. the substrate on the film moving with constant speed to the
direction normal to that of the sheet beam. For both cases, periodic and film
removed tracks were produced. SEM and AFM observations of these tracks revealed
film removal to be due to molecular or cluster sublimation of the film material in

laser irradiation.

1. Introduction
TiO, (anatase) films are photocatalytic materials(l) applicable to potection of
substrate materials by decomposition of surface-adsorbed hydrocarbon pollutions
under UV light. Maskless patterning(2)(3) has an advantage of processing time
saving without using chemical etchants. But direct laser patterning of TiO, films is
difficult because of optical transparency of the films in the visible range. We prepared
Tibz—Au light absorbing nanocomposite films and attempféd maskless patterning

experiments by the irradiation of a SHG sheet beam of Q-switched Nd:YAG laser.

2. Experimental
2.1 Sample preparation and characterization
An 80nm thick 89TiO,-11Au (mol %) film was fabricated on well-cleaned optical
glass slide 1.3 mm thick by the so-gel technique(4)(5). Starting materials were
typically Ti(OCsHg)s (TBT) and HAuCls + 4H,0 solved in n-buthanol. Film was
coated on the optical glass slide substrate by the dipping and drawing method. A fter
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coating, one side of the films was wiped off with ethanol-dipped clean paper. Thermal
annealing was carried out as follows: preheating at 200°C for 1 min, then UV light
irradiation by a high pressure mercury lamp for 2 min, and followed by air annealing
in an electric furnace at 550C for 10min. X-ray diffraction of the film exhibited a
polycryatalline TiO; (anatase) structure incorporated with Au nanoparticles. Optical
transmittance spectra for the films (Fig.1) in the visible range gave an absorption
band caused by surface plasmon of the Au nanoparticles in the film. The absorbance
at a wavelength 532nm was 0.26. SEM observation of the original film (Fig.2)

showed a film texture with 10-20nm grains.
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Fig.1 Transmittanc

gt e y

e and absorbance spectra of 89TiO2-11 Au film.
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Fig.2 SEM image for as-deposited 89TiO2-11Au film.

2.2 Laser irradiation

A sheet beam laser pulse of SHG beam (A =532nm ) of Q-switched Nd: YAG laser
(Spectra Physics, Quanta Ray PRO 350) was irradiated on the film sample. The
irradiation conditions were as follows : out put energy of laser, 1.4J/pulse; pulse
width, 10ns; pulse repetition, 10Hz; laser fluence, 46.1J/cm2; sample speed, Smm/s to

the direction normal to that of laser beam. The laser beam was irradiated by the two
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methods : in "direct irradiation", we iradiated the beam directly on the film, but in "
indirect irradiation", it was irradiated through the optical glass substrate, i.e. we
irradiated the beam on the film through the substrate. We observed film-patterning

characteristics for both cases.

3. Results and discussion

Fig.3 is the optical microscopic picture for the sheet-beam irradiated film (80nm
thick) for "direct irradiation". Regular tracks produced by laser beam irradiation are
clearly seen. The periodicity of these tracks was 200 £ m, where track width was 80
4m and that of residual film with, 120 4m. Fig.4 also presents the same irradiated
film but damaged by "indirect irradiation". Regular tracks also produced by that beam
irradiation with a periodicity was 230 «m, where track width was 170 ««m and that
of residual film, 60 £¢m. Further, the optical contract of the residual tracks (stripe
pattern) was clearer in "indirect irradiation" than in " direct irradiation" This is
supposed to be due to the effect of a shape change of the beam via the glass substrate
together with a change of distribution in beam intensity.

g

Fig. 3 Laser tracks produced by ''direct irradiation". Fig.4 Laser tracks produced by "indirect irradiation".

Next, we observed parts of the laser-removed tracks in Fig.3 and 4 using SEM and
AFM. Fig. 5 and 6 give SEM pictures at the track portions (film removed area) in Fig.
3 and 4. These SEM pictures clearly indicate the residual films for "direct" and
"indirect" laser irradiations, both presenting a grained texture. For the direct
irradiation grain size of the residual film ranged 20-50nm, but for the "indirect"
irradiation the grain size is smaller (less than 20nm) than in the "direct" irradiation.
Thus it was clear that a complete removal of this film by the present laser irradiation
was difficult yet for direct film patterning. This might be due to that adhesive force
between the film and the substrate is stronger than that between grains, which caused
an incomplete film removal on the laser irradiation, while the irradiation overcome

the grain-grain adhesive force to break grain boundaries in the film. We note that the
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grain size of the initial film was 10-20nm, that in the residual (incompletely removed)
film was 20-50 nm and such. The laser irradiation on this film made a larger film
irregularity. This suggests a material removal on the laser irradiation by a molecular
sublimation and cluster removal of the films. Further investigations for direct laser

patterning are expected in the future.

Track . Track

i

Fig.5 SEM picture for a track formed by '"direct Fig.6 SEM picture for a track formed by "indirect
irradiation". irradiation".

4. Summary
A maskless patterning by irradiation of SHG 10ns sheet beam (532nm) pulse of
Q-swtched Nd: YAG laser beam (1.4J/pulse) was attempled on an 80nm thick sol-gel
fabricated polycrystalline 89TiO,-11Au film on optical slide glass substrate. Both
"direct" and "indirect" irradiations of the laser beam on the film made regular linear
tracks in the film. The film was apparently removed out but SEM observations
revealed residual films in the tracks, indicating an incomplete film removal probably
due to large adhesion between the film and the substrate. Grain size in the residual
film on the tracks was larger than that in the original film for both irradiations. This
suggested a film removal due to a molecular sublimation and cluster removal of the

film.
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Electrical and optical properties of In-thiospinel compound Felna2Sa
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Abstract Single crystal of In-thiospinel compound Feln,S; was successfully grown by

Bridgman method. Inversion parameter of x=0, deformation parameter of u=0.367 and lattice

constant of a=10.603A were determined by X-ray structure analysis. Seven lattice vibration

modes were observed in the far-infrared reflection measurement and dispersion parameters were

calculated using the classical oscillator model. Four kinds of force constants were determined by

assuming a virtual mixed crystal model. In the near-infrared region, several absorption bands were

observed below fundamental absorption edge.
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Table 1 CrAE RILRUInFF RE R ILDEBERUMESA—4

VRl Crystal Invermation deformation Lattice Absorption Curie- IR Band Raman st/ Zoe
structure | parameter (x) | parameter (u)| const. (A)| Edge (eV) (Eg300-Eg4) | Weiss (K) (Tc) line
ZnCr2S4 N 1 0.385 9.983 18 (TN=18) 4 0.25
ZnCr2Se4 N 1 0.384 10.443 115 (TN=20) 4 0.2
CdCr2S4 N i 0.390 10.244 1.54 (-0.15) 152 (84.5) 4 6 0.26
CdCr2Se4 N L 0.390 10.755 1.4 (+0.2) 204 (129.5) 4 0.2
HgCr2S4 N 1 0.390 10.237 1.45 (+0.4) 142 (36) 4 0.23
HgCr2S4 N 1 0.390 10.753 0.8 (+0.53) 200 (106) 4 6 0.17
Mgin2S4 P 0.16 0.382 10.710 2.14 7 7 0.49
Caln2S4 P 0.91 0.383 10.815 2.15 5 5)
Cdin2S4 P 0.5 0.386 10.818 2.3 4 5 0.41
Hgln2S4 N 1 0.388 10.833 1.78 4 0.39
Crin2S4 P 0.6 0.381 10.590 21 7 0.35
MnIn2S4 P 0.8 0.382 10.719 2.22 -54 6 6
Feln2S4 1 0 0.376 10.603 0.8 -100 7 7 0.31
Coln2S4 P 0.11 0.388 10.571 1.8 -106 7 5
Niln2S4 I 0 0.384 10.464 0.68 -74 6 5 0.49

3. HBENZA—F—

A2 R I)NVEEREE T DT A58 T ER a 1
=10.603A. KR/ ST A—%—x=0, E/SFA— !
% —u=0.376 & XHREITHE L D KDz R X
HRBE DFERIF 7= R IS L. RAFIXL
TRENIA =T —XEEANTA—FuZih
FEL7zo (Fig2) x =0 uMEZE & Hi 2 xR
IBEDF SN 7272 Ly Bk XHRETsaE & L » ,
ANWTWB7=DICREPNETOEZEL # ¢ 1 2 3 4 5 & 7 8
ERERV RERE LTS BEDD H. T O Masacsh bLAL
Rzl +5Z & &2 HME LT, KEK Photon Fig.3 Magnitude (solid curve) and imaginary part
Factory OEEE X% AV C EXAFS BIE#%1T (dashed curve) of Fourier transform of k*’(k)
>72.Fe RTDRE b OBESFRT ATV A data for Fe K-edge of Feln,S,.

FOVIEEIDE LR 2% 9, -(Fig.3) %5

NIz /85 A=Y DRYMEFHERT > v )V e A 2HEE L EVE DR &2 R W TRES LU 727ER,
CONIRUDEIL, HRAERIAEEZEZFF LIz, TDHA. Fe & In B35 U & AICES T
LD, HHBOKTHEEZNLPDBEEDH S & ATHHH. KRS LZGE TOMHEEMHER
BICXBEMIFICEI TN Thizn 9, 5% XDEMRMHEPLETH S,

2
P
[

W 4
t
I

5 i hround Fe
3 9 . 7% )
; d ,wf:}m%w

putpetie S
WV By iy

| B
e

Hagnitude{Arb.unit)

3. BTIRT

HEEIC50m < MHEA%E © D8 FIRBIC X 2 B IRINRET 2~ P V(Fig.4) ZEBI L, DBV A —& —
EHE L7z, (Table 2) IER ERI)VHEETIZ. MHME X D 4 ROFRNFHEIRE)E— FHBERIS NS
D, FelneSs TIIMA LR WEEZ KR L, 7TAROFRINEEIREE— K 218/2 2 Th 6 DHHER
T FRITEEZFEONTES T REBEREFTNVZAWTHOERE KD /-, (Fig.5, Table 3)
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Table 2 Dispersion parameters in Feln,S,

Clspersian band 1 band 2 band 3 band 4 band 5 band 6 band?
parameters
v tlem-1) 74 90 194 233 312 330 356
v l(cm-1) 76 94 198 2002 320 334 356
S 0.68 0.59 0.63 36 0.56 0.37 0.001
Y 12.2 16.5 11 15.7 18.5 9.7 10
}‘n js
.;‘"’2 A ‘F-
S’, ,»‘/‘ Mo
o
A site
Figb Four kinds of force constant at A
and B sites.
gol— Feln5. - Eepezimiondal
Caledated
Table 3 Force constants of Feln,S, 0— s
InlreSa InFe2X4 ey
Obs(em h| 72 | 193] 233] 329] 90 [ 193]312[ 350| .l o
Cal (cm™)] 72 | 144 237] 330| 90 | 192]312) 351| < [
1 1.02 (f1=0.88) 0.74 o e i | l
f2 0024  (F2:0013) 0002 | Tug— | i
fa 052 (F3=051) 062 2, &
fa 0.034 (f4=0.055) 0.076 e
b %) 6.6 | 023 20— .
10 ""
C_:_L!n !mj! 1] i iLd
00, 0 as,() }3 f']ﬁ

Yaye number (oot}

Table 4 Effctive charges of Feln,S, -

(Z*)O (Z* /70) es*/ZOG € oo Fig.4 Far-infrared reflection spectrum of Feln,Sy4
Fe 072 | 01~036 126 single crystal (dashed curve) and calculated
In 108 10414004 . . . . :
S 072 1036=++0011031=001 reflectivity using classical oscillators (solid

curve), where bars indicate strength of each

oscillator.

BONTZNDERD, ZUTHEILEF VY
TEEOOERDPBETHD, FROFBETCH 2. MED
BEM L D kD=, Szigetti DEEMRIL, In—
AoiERE B HRO TR Z{EZTR Lz, (Table 4) TS, Awz K—7 L=HBEDER
HREF AT MIZDWTEHRET L7zo S 1icLTE, =7 BICHI Lz 75 X~ iREED
fﬁ‘é’bubﬂ%f‘ohto AUuD F—=7ICH U TUIRF AR MVZIFEAEBEDBR ST, K—7'X
nNTnznEEbin s,

BEIMEEEEEHOIT 2 EDENS
FAAERNORTIIRE/NIREEZR L. A

=]
ToaR

4. FERINZ R M)V
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I AR ARSI A DR AR (0.18eV,

s
0.26eV, 0.356V,) ZERML7=o WRULHE  E3p Felingy;
L BORBERA 08V B LIt B o on U A e e
< Fe ORMFBEROMEEES 1 e 8 L 1 e *
ViEBLD, cheowmeen 8L 777 s
LNV FROBHBBEEBOTEE  § | S
MWEZSND. FE. /N2 FiEE, K 4'% ‘ (Zf% ’dtc aT r;)].'é o uxlﬁ u!? 0B
BFBRIED T3 L E— b 7 55 PHOTIN ENERGY (eV)

LE, ZOHRTOHERZEE LTDE
SUHEIZ DWW T D L D BRI MRET DS

Fig.6 Near-infrared absorption spectrum of Feln,S,.

BCH D WA F 02T ZAMIBUZ & TCORM L EEETREDOHBEERIIDONWT S Bk
WTF—<TdH 5o

5. fdam

AR TROENHEREUTICENT %,

1) FelneSs BfERAMIZAIIL /=0

2) MRXMEITICH LT, REFEZAVWTIRE/INS A —4F — x=0, £/IFA—»— u=0.376

D2 YR )WAEIEEF =0
=TI TEBRE WS EEOER T, WA RIEICH L TRWHEREZ 1572,
SR Xz A= EXAFS MIERRICHLTEF e DAY OBIENHENF 21T, B R
WS X T D REF =0

3)
4)

5) TARDEFIREE— NZEN L, FHHREFET )V &2 AW =088 X D DEUESRE Kdizo
6) AEERLD BN L-AHERIE. 7 EREHEEEROTEIZREETR Lz,

7)) WiZAER)UEEIC ST U TR RIERETNVAEEZ Bruesch®GF~ M) w o 2%&EA L.
HDEEZ KDz

WU a5 DRI 27 N )VBIZE T, FiRT 0.18, 0.26, 0.35eV B L 0.8eV LU 1T e
ZERIL Tz,

9) FRBICNITZERBIELD. T+ ) 7EE n=1.62X10%cm3, FBEE 433cm? Vs #5/=,

10) SAiDR=7ITHHILI=7" 2 XVIREE DI &2 BRI AR MV TERIL =,

8)

2% SR

1) N. N. Greenwood, lonic Crystals and Nonstoichiometry (Butterworth, London, 1968) Chap.S.

2) HARSTH, HIEE, BERFHEIFES Vol.27, No.2 (1987) 159.

3) H. Hahn and W. Klingler, Z. anorg. Allg. Chem. 263 (1950) 177.

4)H. Hahn, G. Frank, W. Klingler, A. D. Storger and G. Storger, Z. anorg. Allg. Chem. 279 (1955) 241.
5) H. D. Lutz and M. Feher, Spectrochim. Acta 27A (1971) 357.

6) H. D. Lutz, G. Waschenbach, G. Kliche and H. Hauuseler, J. Solid State Chem. 48 (1983) 196.

7) M. Eibschutz, E. Hermon and S. Shtrikman, Solid State Commun. 5 (1967) 529.

8) M. Wakaki, Y. Horii, K. Koyama and S. Komiya, Jpn. J. Appl. Phys. 32 (1993) 439.
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FHERABEME LPE & Gaas ¥ 7 I 1) R 2R OFESE
Fabrication of sub-millimeter detector using ultra-high pure GaAs film grown

by liquid phase epitaxy for astronomical observation

HIBRT* ISAS/JAXA**, 2 ¥ A7 7" h***
R BB, EAR SFRR*, M0 fEKER, A b yE**, D J5*e*
Tokai Univ.*, ISAS/JAXA**, Jasco Opto Co.Ltd***
Takuro Ohata, Moriaki Wakaki*,

Kentaroh Watanabe, Hiroshi Murakami**, Osamu Abe***

Abstract: Poor optical transmission of the atmosphere and lack of high
performance detectors prevent astronomical observations in the submillimeter
wavelength region. We are developing photoconductors utilizing shallow
donor levels in GaAs semiconductor for future space mission. The GaAs
photoconductor promises to be a good candidate of photon detector for this

optical window.

1. Introduction

REDFMERXZIZB NV CEFRNE - B 7 2 ) FIED S B 100pum~300pm 1%, &
HERDREPBENZHLVBRVWEREFTOVEDTH S, ¥ 73 ) EF TIIHIRRE LT
FERRR 7=, REVKZ AW EBIB0EE 25, RKIfEOBRIX, Z0H 7 3 ) K
D £ 100pm~300um FIZREEEZ BT 2 a2 H ) 7 A E(GaAs) FE R EZBH & L=
T R — 7 HAEBRIREER DB TH 5, COREFTEERREBIDAIEE L 72
5C L TEREBY X b ERARBRIK, BIEIEEIE W o R4 RIEEHICB W TSHE
DO FIH = 2BEDEFTE S, EAML UEBEIZIE 2010 FEIT B LIFFED RN
$RK 152 SPICA(Space Infrared Telescope for Cosmology and Astrophysics) D& & %
BigLTW5,

GaAs I TFEMERL DI ~5 8meV L IEFITR . TONMMERZFIALENDRE
HICREZRFEE 52 &D3AF “Cﬁ)%) HCBERRH B DRRE ITER & 72 5 H8ARD
Fr ) T7BEE, Fr ) T7ERIKELTRY, BMELRERTHIITIEERE LR
HETFHEONDE, L L., RERERTIRFZIN TV S GaAs BiEETIX. Z D
EPREIROERE LTETEL TS, B4 IXBEME G As ERER57-80, K
b ¥ v )Lak&iELiquid Phase Epltaxy LPE) Z /=, CDERMAEEITE
BOTEY XL —HMOHRT, ROAFHIOEWVRETCHREEZRESIE 585 DT. £
I 2ERORMEBEEMEINZ 5 bd, £z, THMEEZEKINZ 52 & BHAHE
THD, INETIZH LPEEICL DBEIERE 77K I2TXF v ) 7RE 4.1x10%cm”,
¥ v ) PHBEIEE 287,000cm™/Vs &\ D SHE GaAs R E(EH L= RENH D Vs

2.Liquid Phase Epitaxy (LPE)
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H2 T EMEKEZCN)ERIRNICEINEZT 27 74 MRS A RIF— N2 RWVT,
LB GaAs EIR LIV 7 X2 v VE 21T = (Fig1)?s 2fKH7% LPE BiE &
ELTiE. B, KRSEEGasN)ZEHE - L. FEERFR(GaAs BiE&R:N) & &
gtbf@ﬁ%éwiﬁ@m% W22 ETHEBZBRT %, RIZ. DB ZIHA
752 tf\gﬁﬁ%ﬁﬂﬁﬂQKM%ﬁ&ﬁ—ﬁ\%%M@—E@%%%ﬁot$
fEEDER LICHET 2, CNETEBEESICEHL T XERMEICLD, FE S
FOY )NEEATIIRFERD E T, TS 7AE. BERERICNTE2F)L bRE
2 EDATEMEDY L TN HRIZEAIN TN L BRI N,

( M R
. . elt holder
Highly concentrated pure graphite Vapour pressure control substrate

Quartz tube

Melt holder Growth solution Slider

Substrate / \ Thermocouple

Fig.1 Sliding boat mechanism of LLPE system

3. Characteristics of epitaxial films

Van der Pauw &2 AW = H— )VRIRBEIEIZCL D Fv ) 7EE, ¥+ ) PRBEEZH
E Lo CRET, 77K ICTHF ¥ ) PEBENx=5.6X10"cm>, ¥+ ) 7B
U77x=86,600cm*/Vs DY > TI)V 2R /=0, mIEDY > 7))V DWW TIEEEREE 2T L
=0, p BEERIZRBBERDH oz TNIETHME LTHERBLTWS RF—& 7
D7y —OEBIEE L, n BEFEBRE p MPBERDBERIZH D, ERHT ELESH
I RIEERIRREE R > TV B DICERTICR>TWa LRl 5, BIEEIZ
Np~10"cm™, Na=10"%cm™. F+ ) 7BEE 17x>250,000cm?/ Vs Z BIE LT %,

2 {RA Z B &5 ¥ (Secondary Ion Mass Spectrometry: SIMS)B LT 74 bV I K
+ > X (Photoluminescence) I E % AW CIMFHE 21T 02 720 ZORER. THE L
T, mFEBE VI, MEZER L. SNSRI H—R o BDOXS 4 R
H— b E%?@ﬁma\ﬁﬂ§%#%®mkt%z%né E7z. SIMS 2L b,
FE I F’*E]L/“C IEBRRAIHZ ENS T LICHEEICRD LTWSZ Db D oz, KA,
BE. ) IOV I AMMEEDEEREDBHERFALUT E 2> T3 728,
ERREIHZENR- L EDEIX ﬂif%@#otﬂ7ﬂﬁvv:%wﬁ/xﬂiéﬁv
TCTMMBEIEZ TR EHER, )20 REDPTHME L THERI L. IhbHDE
%Eﬁ%%ﬁfhét%i%htoit\ﬁ/7w¢§mﬁkﬁﬁ\¢%@ﬁ%§@
LZEBIHENRLR2TNWAZ DO 2/=Fig. 5%, BHEADEDHIZE SR
LZAMMDEE. Rz BigET,
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Fig.2 Photoluminescence spectra

3. Response for Far-infrared — submillimeter radiation
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Fig.3 Response to the light source of 35K blackbody, at ~1.8K
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Fig.4 Change of output signal by co-illuminating light
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HEERRHEDRIEDOE— &Btbf ER L= Z)V(T7K. F+ ) 7iBE)
BE:3.5X 10%mY/ Vs, F ¥ ) ZHEE:5X10%cm™ ¥4 X:3X3X0.05mm)%Z AV CERN
MBI T 2 HIEEERET oz THMIZESZ R—TLTWRWDEE RF—I2L D
IOE 2R TZ0 18K IZBWT, 35K DT 2 v I RT 4 2HRE U= RIRAEZ BBE L
FER. HBROER I NZ(Figd)e Fiz. N RFP v 7ULOHEAN TS &
WCE D EADK I EFETIEINT 5 Z & HHERTE = (Figd)e CNIEAF b LIZzT7 4
7y — @@@m FNITHEWVHELLDRD LI=-0THhHreEZIONS, F5N=
B EEDMEREITEROYMEED S FRSNZELIZIZFR L TH oz, TDBRESNTE
R9ES mG~m)iitﬁmo%@@thfi\W@%%Eﬁ%m\7ﬁb:yﬁ
DT 4 T4 (G=pE/L)BEV, LPE SEBDEVWZOEFIED LRSS &
REIZLBEEZONEREEO 7 NI VY T4 T4V GIEL LPEE 7D
L ZADREFIZL VETHMERL U, HELLEZTFIF22LT. ¥y ) 7BHE. Fv
)7 EMmEALITEETHENAIREER S, £/, RINBETHZIZEY F v )L
BEzELHEIEAHILT. EFNELZENIEEIEE2EZI TN, RINE 400 1
m CETFNEN~03 BHEIFTE %,

4. Summry

TFe&id, Y71 )FEHEOREE 100um~300um ICRRE %A 35 GaAs ¥E(K % &4
&bf@ﬁ SOBEZITOTN5, EREMRIIES %%%?6@%( SHE GaAs T
t&%/vwm%%ﬁ%@ﬁltﬁi/vwﬁﬁ& IOEELTWE, ZDRER.
BoNEHEEEIZF Y ) 7EE nx~10%m>, F+ 17 7 FB BN L7786, 600cm*/Vs
ETCEELE. FRHLETESF O v VEZAWTUREZRTFEZHAIEL. HKEEERZ
1T > 2458, 35K O BEKIEHEIRD 5 DHDBRHITHII LTz,

SE, BMESEMRE LTRAIRGX Y ) 7BEE, v ) 7EaoRm Lz BIEL.
EMEEETERT 2, ZOREOICIPEICBIT AN A -y 2L E L., #(LICR
WM EIED. LD ERELRERZERT %,
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InGaMnAs DR K =R
Magnetotransport properties of InGaMnAs

R LERFRFRELFMERIENEREFEL
AT, BIEE, RBILA, FE"

Ayako Suzuki, Yohei Tanikawa, Ayato Nagashima, and Junji Yoshino
Department of Physics, Tokyo Institute of Technology

We have grown thin InGaMnAs/GaAs strained heterostructures on GaAs substrates by
LT-MBE and studied its property and effect of low temperature annealing after growth.
We have got 10nm InGaMnAs film which has metallic conduction at low temperature
and observed remarkable improvement of magnetic and magnetotransport property by
annealing after growth at non-capped layer. We think that the effect of annealing on
capped layer is needed more investigation.

1. IZL®IZ
TERDTLVIbu=I 2%, EFOBRICEREL BTV, ITF, EFDAL DB
BELFIRTI L INa= A, AL A= 20H LW S FEL THEBEZE D TV5.
2 hn=s A%, A REE ZOFERBO = N LTI AT AIERENTEI RER
HEDOAE)—=°, KRB THIECAL V2T AIEICLAERDTL Ihn=0 221t

VT LVMEREDO ER DTS ND.

B2, 1996 FEIZ p BUSREZMEERE S RON DT LA R ESNTZ GaMnAs[1]1T, 1KIEIZIB 0
THEBEZ R T EEEMEI THAHZ 0D, FEERADRIBEOSWRIBAL L B FDHE
ANRADBIB~DIGH, FEEREBEEROT T OBELFF S LI LD FEEREIRE OSSR
HEBILREDBE SN LEBINTVA.

GaMnAs, InMnAs 28] &35 111-V HED BELEFEAE T, BIEORIRIZH—/VRKR
B2 EE RIZLTWBTa), BECHKEEFEZHE 42 T, EFOREEEKD
FoARIL, EEANTGAZLI2BEE 2 LS. InGaAs/GaAs ~7 OiEA 1T, BEEE, FFEIOW
FHUZH Mn DR =T BHRETHDHI LDk~ e B IRRED R AT HE22 2 & B IR
VY. F77, InGaAs Bid In & Ga DMEZEZDIEIZE ST, NURF vy P OREE 5%
BAIZarha—/LHEDEIFNENHY, Fi2, ZOBIZ Mn DR —7"%1TH¢ InMnAs &
GaMnAs O[] 5 DA R EE O A b > T D, FIZ I, GaAs ~IIR—7 T
% Mn DR REBEIL, T%RELEZLNTUVADD, —7, InAs 1213, 20%BEETR—
TTTRESV VO T EY, RILEE TIL, InMnAs DF DS, S8R E T. MRV, &
BEICN—7TEHIENORBEDT, 73, FoitT\\ 2. [2,3].

2%, A, FFA, 37205 InGaAs B~ Mn 2~ —7° L7z InGaMnAs/GaAs Z£2~7
DIEE RO FRICIF L —BILIDEEDE K EZDEBERGCEFERBI OB K
BILOZEOBLENFEIZOWTHRE T 3.
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2. RAeHER

AbHT, BEOE K —2D 5T~
Eo%s —IETIRR L7, A HEPES, ik ' .
BTy F T BT BIE GaAs iR 1055
(o) £z 600°CIZFVNT 02 pm D
GaAs O \yT77—EEEBLIZE, Rk
BETHD 335-340°C CGRIRIE) £ TIRE
ZETEE7-1%, B InGaMnAs EBx1{E
L7, BBHZ X > TiE, EHITIRELF
ST FE, EZ30nm BED GaAs ¥y

InGaMnAs | |

intensity

fEaERELL.
FIG.1 i, GaA? 2%1}52{:% 0102 pm FIG. 1. X-ray diffraction Profile of InGaMnAs and
D InGaAs Bl F LICABIES 0.1 um InGaAs film grown on a GaAs substrate

@ InGaMnAs f& D X #REIPTEITE DfE R4
RLICbDTHD. & FEBOAT—F

2 AVVTHLAL R RFEL D&, InGaAs B D In #AIE 27-29%EHETESND. 72721, InGaAs
BIx+m5I2B, T EBITZERITEFML CWAEREL. In, Ga D7 Ty IARHELILE
FOLHRMT Mn 77y 7 A&BNIL TERIL 72 InGaMnAs /8 DR R LRI R 728, B —72
ENGIE, Mn MRS, TRRRELRIBENDN, 779726, 4%E T RIS In FARLD
BT, I TEHNSD Mn MO RBEIRETHS. £z, BFHEOYEIRIX
300 s FREETHY, GaMnAs DHEIEAS, 70 s FRE THDHI LT 2E020IRDSEL
GaMnAs CHLIE L TREBIEDIE TR RLNS.

3. FERELEL

-V [EOF BRI BIRDBIEDFRBUNL, R— LV DFEREKERN THLI-D([4],
GaMnAs T, [E42% Tnm BRELITIZRBE, ¥ )7 RBAL T, BEAELEEL 58
BN TS, InGaMnAs % GaAs 2R _EIZAKE T 53546, InGaAs DIEFTEEDS GaAs
DENTIVRENTENOEFELE IO, BEEDHEREILICEE N EAINESEIED
[ETL, F¥VT7TBEDTAZENTRIEND. 2078, HELESIZEFHE DO REZ T
7z

FIG2 IL, IRER TIF QU HEMENSY — 22 mLE- %, BRI 58 BHBERIE
EREONARBOBEELREROERIBELZRLIZHLDOTHA, OFIZL, B {=ED
RERBONT-L&M%2, XIZTOFEERTHEHEANER[ T2~ RENELNE
GHEENTINRL TS, ZORBERND, EENENEXIZEERBEN+oICEmWE
BT NWEEBNEERELNRNIENDDD. ZIUE, Mn 77277 %4835 Ga
YARD As REFHD Mn FEDORFT— DX MEAEIRIZEBAIIULNZLIEE T2
EZEZBNA.

FIG3 1%, Van der Pauw iEZHAWTRIE LK B OR EEKFEEZ . ABHEELT
FTHEN OB BIERESHE KL, REEMERIREDEHED 20~50K EfFTr—r%
RUTZZEAD 2. ROV —21%, AL AKFTHEELOBNER T, SHEER A D
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FIG. 2. Phase diagram of electric conductivity. Parameters
are substrate temperature at growth and thickness of
InGaMnAs film. Circles are for metallic samples and
crosses are for insulator.

a—R DA —F — DRI O K EZEIN, Fermi EEFREI 2 o>7- m CRELMS L7
AZECRRTAIEABELIZEZALDEE 2 HNDE. ZNHDFE RN G, IEED, 10nm BLW
150m DY 7L TEBRIEEZ R T ABNEEN=ZE0 0. BEDEZS, 10nm LA
EoEEOREBTEBIREERBLN TS,

—J5, BALEEH-VOX v UT R EL, IEEDE K LU, TEE Sonm I3 Tk
KEZEIRD, ZO%BLT5. ZOF YU T OBANE, #&FRIGOEAIES, B AiEC
EBHLDEEZ TS,

GaAs ~®D Mn DN —E U7 BEZEKTHE, BEAENLEBIOZGERBOND. L2
BA, EbIZ Mz @RE(LPHREROERBEDETEEDLL, S—A03 P L[5], B
IR L BERENHSILTND, TORAH= X LI DNTH, FICl~7= X912 Ga Y1 D
As B F DO MnZE DR — 1D K@z
L DMEDAIHEME R sh TEEN TV A,

FIG. 3. Temperature dependence of resistivity. the
inside of parenthses refer to thickness

E7E SR EREDSHEA TR, — 7, "E o= as-grown(without cap) ’ " p
R IR RRGEEORECBID  O | 0 aededioucn /
BN A ITHZ XY, BB L % 6F o amnealed(with cap) fﬂD / T
MR ETHILABESA TG, € - //
[67.8122T, UFTIL, InGaMnAs 128§ 4] v |
FRMIOBREB T RERICONT 5 “/

FIG4 T, RMLEERTRIZBSIT DIRELE 5 0. OLSFT
ERBIRE(T), BLUOF—/IVREDEL =
FRLELOTHS. BeEE, 250t C 05 %6 &0
260°C, 30 HfE DKM TITo7z. TREENE T_(K)

IR X SQUID (ZXBRH L DR
TFHEDBPIFENS, FA—/VBEIX Van der FIG. 4. Change of ferromagnetic transition termperature
Pauw 1EIZ X AHR— VBIED HENFNER, vasus hole concentration
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Eboto, EBENAZ T, InGaMnAs 8 D _EIZAEL7ZEER 30nm @ GaAs T+ v 7@
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BRHDEAIL, 1ZEAEEANRLENRD, D UABT =— /W XRS5
MBRRONIZEVIZETHD. ZOMEIANL, ZZTITo7 & D InGaMnAs B DJE 2 O #i[H]
TiZ, InGaMnAs BDOEZIEFE T, (DB A bB RSN, 2o/ RIL, 200
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Synthesis of GaN and multinary nitrides by the Na flux method

RALKRZ FHEREERSFME L5 —
(AR A8k
Hisanori Yamane
Center for Interdisciplinary Research
Tohoku University

Abstract Single crystal growth of GaN was carried out at 700-800°C and
nitfrogen pressure around 5 MPa by using a Na flux. Colorless transparent
prismatic crystals of 1-2 mm and platelet crystals of 6-10 mm were obtained.
Single crystals of novel ternary and quaternary nitrides and nitride-related
compounds containing alkaline-earth elements were prepared. The crystal
structures were analyzed by single-crystal X-ray diffraction. Nitridometallate

anions and Zintl polyanions were found in the nitride-related compounds.

1. iEL®ic

—TCRDBEEME TIHIEIE 100%ZF DREDMSNTH L, TROMAEDLEDH
4000 H 2R DILEMICE T 2 AEMEIL B0 L EHZEEEDLNTWS. %k
{LEWDL CIXRNICER T 20 ZDEBIRAT, 9 100 BHEOKEBEED
BCHMT BRI ENTES. 2L, SR T, TTERDMAES DRI 100,000
T, #3700 FMEHOEIDH SN TWBD, ERBITHLNT WV BEFITH 20MEE & A5
N5, Kiff3edE 5%, BILDewmitnia SR 2 L hF W MEREDEAT
WRWESTTRELI DWW THRMEDINEZITo T /=,

ZWMEIZDIFEA VBT Z R DRT I, ZOHFERE(EELTS
CLYIEWEELEINTEE. BEEDERIIBONRWT &P, ZlOREBIE DR
b ER )R DERZHOGRBR DD o TWS ., KIFZEE SIE, Na Blvkz 7
SO RZAWSZEICE Y, 7IVA) THEEEZEUIIR=TTREAMDEER
BEEITE 22 L L, TNOHOREMBEEZASHICLE. CO—ED=ZTTRE
BN BT 2FTEHEROBIET, ZaxREBIMTH S Gal ICODWTHEERZE
RCEZZ L ERR L. GaN DNV 7 BERIE, B EET N AORETY
FEv)VEIRE LTHELEED, AR ETESEBERIEASNTWS. KiF
Tlx, Na 72w 2k L % GaN BEEREE, =R, TR TERSINEZER
EEUH LWL EWICEE T A0S 28N T 5.

2. Na 75w 2L GaN BEEEERK

GaN H{thD% < DEW & BEk, RKLETEDORM TIEBRTERT S &R {1
AT D ba & N ICART 2. IRGPREAR, EAGIEIC X 2EMEEZRFAH LT
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Fig. 1 Progress inthe size of GaN platelet
single crystals by the Na flux method.

Ca BV ICAET S GaN H o MERE2 S Fig. 2 Schematic drawing of the
T2 AT, | ASERBRD N, EH apparatus used for GaN single crystal
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IFZEBAR LWL, X5V LV ARF—)VF
2—7PNZ NaN; & Na, Ga ZEHA L, &
SHFHNTF 2 — 72 MET % 50 TER
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3. BehEfRR0E X, BEolE
BRI,

Z0D%, Fig 213 L 57N, #EHE  Fig. 3 Photographs of GaN single
AMER L D AT = 224EB Iy, Bl crystals prepared by the Na flux
Hefd BN Z W32 LT, dnm OARIRE
REPEFOLNDLDICRo2Y. I5I7, HHRIRE TR U TRREEEZ IR L
mﬁﬁ@Naémmgzgf,—ﬂ@%muL@W%ﬁm%%,mmuL®§é@E
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RORSfEmRIE, i%ﬁ:@é: AEFHATH 10mm, BEX# 0.1lm @ﬁﬁﬁfuua
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t.mm&§%%i3Mhumf,wyfm®EﬂGa &tht?«wanamo
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~7®D /ﬂF/ﬁﬁ Tr2RELZE A, ZOHMIRIZAO~OMTH oz, ZiR
BT B ELEFEIZ0.04QenT, nBOFEBRTH B DRIz, ¥+ 1) 7r—
i}%)ﬁ&ilvaxlOmcm':*, EIEIZ100cm® Vs TH o /=,

3. ZHRARELYOEH
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REWDHS.

—{l& LTC,Ba,6a,N, Dt E % Fig.
412779 Y. BagGa,N, &, Z2f9&f Pnna, a=
6.2010(12) , b = 10.511(2), ¢ =
10.070(2) RORHFRZATH B. B2D Fig. 4 Crystal structure of Ba3Ga,;N,*

Ga JRFIX N JRFIZ L b TYHEKIYNE AL

NTHL, MEAED 2 20BEBIEEINZZ &IZL b LIGaN,,]0—RkciHbIEs s
NTWn3, Ba JEFIE N BEFINEfIENTWS. NLJEFIZ2D0D Ga & 4 DD Ba
JRFIZ, FEN2JRFIZ2DD6a & 5 DD BaRFICHDFHEFNTWS.

ZY TR 2BEA T BTRT N THH2DIIH L, Hi=l ﬁdﬁ_‘hk =1
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A HEHE R INnDY Y MY - 724 L EDHAEDERSRD.

Ba,Ge,N, i&, BERIER, ?FﬁﬁﬁPZl/m, FEFEH a=9.6196(6), b =4.0466(2), c
= 10.1337(5)A, £ = 113.553(4)° T, lintl 7=A4 4> D ¥V V¥ 1 il
Ee[Batl*o ) X LE, B A T L E(Z N KX L= T =4 2)D
[(GeN,]* L 072 V. ZBHEEFIL Ba BLU Ge JRFH 574 2 B\ FAAICALEB T
%. [GeN,]*Ik S0, * HFEFHEEZE L, BN A4 L EDRDTE 8{IETZ2EHD
DTOHITH 3.

Ba2 Q
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SryCusInN; DS % Fig. 5 IcRg
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IIFIFERICEM S =8 v ~)VELE
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BEWOELAFFIIEEEELT a @i5MA
WZF v o RIVEEBRLTWS. Fv¥ %
WVIEE Sr BFICL D BREh, Zod
W2 In [ RFPERZ—/TY > ML - iR
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2@ In RFOEINE, EFRRDOELRE g
A IO LOEETHOND ¢ WTTED Fig.5 Crystal structure of SrsCuslnsNs
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4. BphiZ
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RHxhTcnwizwn, LrL, ThsOWEDARDBIE TR N=A 70 X
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Fabrication of a self-organized GaN nanotips and its antireflection and transmission properties

ZERFLIFH BEXEFIER
=% FA, IS EH, FR I
Hideto Miyake, Hiroki Yamaji and Kazumasa Hiramatsu

Department of Electrical and Electronic Engineering, Mie University

Abstract We have fabricated a self-organized GaN nanotips on a GaN
surface by reactive ion etching (RIE) with SiO; cathode plate using chlorine
plasma. The nanotip structure with periods smaller than wavelength of light
can provide antireflection and enhanced transmission effects from the
ultraviolet (UV) to the visible region (300nm ~ 900nm). Height and Density
of the nanotip can be controlled from 50nm to 2.0pm and from 10°cm™ to
10*'em™ by changing etching condition, respectively. The transmittance of
the nanotip structure with the density of 6.2x10"%m™? was improved more
than 10% in the UV region compared with that with the density of
2.2x10"%cm,

1. [ZU®iC

GaN RIMEZ (L8 KIL, FEREB S A4 —F(LED)RCL — X A4 —R(LD), %
NBRZHBFOLIRAT ASAAGHICB W TEFIZEB SN TWEM B THD, ZD LD
RS T SAADYERER) EIZBWT, YHEARm TOT L LRI L D= 30
—BROEBEPBEERRBETHD, B, FMLEIECR AT &R E B0 B 4t %
MMRBTOIZANGITEY, ERCHEERMUIFEIEE ARSI TNE,

BT, B2 L RSHEAA Y =y F U (RIEWZ LY GaN R 28+ nm DERE D EHK
(Nanotip) i iE A2 AL FIRE THDI L FREL72[1], 29 GaN Nanotips DFZAUIITY Y 757
ABMTERAWTELT, =yF I HOMUNE Si0; K+ A BRI/~ A7 R
IV ENBEE X TWD, AIRIEDER IVEWE R (~100nm) TREIZ—FIZS AR LT
V% Nanotip #3&E 21T, MBS FIHRIRE COEWVE R I THROKHES Ik 2FE &R E
DR BFBOONIZ[2, 3] TITAMETIL, =vF U7 R ELEE2ZE2EY GaN
Nanotips DS - 3 EMEIZITVY, UKD IO REFLIE - E@m FWV RO ERD k=
B IEL72[4],

2. ERFIE

GaN O RIE 1%, M3 (Cl)& 7 V322 (An)H 2% AV TIT572[5]), GaN I3 H 144 B S A8RK
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P TNAT VR FFoTEY, BIRITAKMIILTUV S, Nanotip iE1EE RS 572012,
et EICAEE(SIO) M —2 B E, SiO; h—DHMT GaN K EHARRB LI, Clh+Ar 75X
<X 13.56MHz @ RF NU—%BRENZE 2 DI Lo TRAESE T, Cly+tAr DIRTTE
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Crystal Structure and Optical Properties of defect-chalcopyrite-type compound MnGa,S4

FRRELER, HRRERERBARBIEIZR, R LRSEFFFIER
PSR, SR, RERIE*, RAO—a, IWHREE, 705
N. Tsuboi, K. Ogiwaral, Y. Suda'!, K. Oishi?, S. Kobayashi and F. Kaneko
Faculty of Engineering, Niigata University
'Graduate School of Science and Technology, Niigata University
2Nagaoka National College of Technology

Abstract  Crystal structure of MnGa,Sy4 crystals, grown by the iodine transport method,
was refined by Rietveld analysis of powder X-ray diffraction data, and found to be the
defect-chalcopyrite structure. There appeared an only intense red broad emission band
due to the transition from the lowest excited state 4T1(4G) to the ground state 6A1(GS) of
Mn’" ion. Five excitation bands for the emission, corresponding to five ogtical

absorption bands, were interpreted to be due to transitions from the §rou11d state 6Al( S) to
the excited states ‘T, (*G), “T2(*G), “E(“G)+*A,(“G), “To(*D) and *E('D).

1. BEUDiC
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Fig. 2 Photoluminescence spectrum of Fig. 3 Photoluminescence excitation spectrum
MnGa,S;. at 77K and transmission spectrum at room

temperature for MnGa,Ss.
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New optical functionality based on dielectric systems ; an old but new materials

RRELILERT HIFWER DERFER ER fif

Department of Materials Science, Tokyo Institute of Technology

Abstract: It is an attractive target for materials science tofind a system which shows the
phase transition triggered by external stimulation of light. The purpose of our study is to
report experimental evidences indicating that the photo-injected local excitation can really
trigger the cooperative changes in macroscopic lattice order (ferroelectric order) resulting on
the carrier dynamics in dielectric materials. In this sense, dielectric system which is a well

known old one is becoming important for an exotic photo-effect so called as photo-induced
phase transition.
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Fabrication and optical characterization of Cr: AI,O; ceramics with Jow light scattering

RIBRFEIFHISHEZRETZER
EARSFHE, BG0E
Moriaki Wakaki, Hiroshi Murotani
Course of Optics and Photonics, Dep. Applied Science, Tokai Univ., 1117 Kitakaname, Hiratsuka,

Kanagawa 259-1292, Japan
Phone +81-463-58-1211 ext. 4429, wakaki@keyaki.cc.u-tokai.ac.jp

ABSTRACT The solid-state laser medium made of single crystal is generally restricted in
several factors relating with fabrication of large size crystals and heavily doping of optically
active elements. It is proposed to use ceramics for the laser to improve these factors. We
have succeeded to fabricate highly transparent ceramics ruby by using CIP and vacuum sintering
techniques.  The fluorescence and absorption spectra comparable with the single crystal ruby

was observed.
1. INTRODUCTION

Recently, down sizing and maintenance free operation are required for a laser. The needs of the
solid-state laser are expanding due to its high output power and good stability. At present time, single
crystals are mainly used for solid-state Jasers [1], [2].

The laser medium made of a single crystal is generally restricted in several factors to fabricate large
size crystals and to dope optically active elements heavily. For the improvement of these factors, it is
proposed to use the polyerystalline medium (ceramics) for the laser [3]-[5]. As for the use of the
polycrystalline medium, the following merits are considered. There may be a large degree of freedom for
the shape of the laser mediums which are the large sizing and forming a complicated shape to maximize
the pumping efficiency. It may be possible to dope laser active elements at a high concentration.  From
such points, we have been studying the feasibility of the sintered materials (polycrystalline materials) for
the application to the solid-state laser medium.

In this study, we succeeded to fabricate highly transparent ceramics ruby by using both CIP and
vacuum sintering techniques. The fluorescence spectrum of Cr ions in the ceramics ruby corresponding

to that of a single crystal was observed.
2. EXPERIMENTAL

An Al,O; powder (purity: 99.99%) with grain diameters of around 0.4-0.6 micrometer was used as a
matrix (base) material. A Cr,05 powder (purity: 99.0% up) with grain diameters of about 3 micrometer
was selected as a doping element for an optically active ion. The raw powder materials were mixed
using ball-mill system for 8 hours. After mixing these raw powder materials, a green body was made
using a CIP (Cold Isostatic Press) method (CIP pressure> 490 MPa). As a next step, the green body was
sintered in vacuum of around 107" Pa at 1800 Celsius degree.  The surfaces of the sample were
polished to an optical grade for optical characterization of transmission, reflection and PL.

The Cr concentrations of the samples were estimated using an atomic absorption spectrometry as 0.1
wt.%. The crystal structure of the sample was characterized using powder X-ray diffraction (IMAC
Science Co. Ltd.: MXP18VA-SRD). The grains and grain boundaries structures were observed by a
SEM (scanning electron microscope) and an EPMA (electron probe X-ray microanalyzer) (JEOL Ltd.:
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JXA-840).  The optical properties of a ceramics ruby were characterized with the transmission spectra
in the 200-1000nm wavelength region using a spectrophotometer (HITACHI Co. Ltd.: Type 330).  The
macroscopic PL (Photoluminescence) spectra of doped Cr ions were characterized at room and liquid N,
temperatures using a home made fluorescence spectrometer with the excitation at 532nm of Nd: YAG
(SHG) laser. The microscopic PL spectra of high spatial resolution of hundreds nm were observed by
SNOM (Scanning Near-field Optical Microscope). Especially, the spatial distribution of optically active
Cr ions were observed by SNOM.

3. RESULTS AND DISCUSSION

A corundum structure was obtained for the ceramics ruby and no other structural phases were found by
XRD (X-ray diffraction measurement).  The precipitations of Cr in the form of metallic or cormpound
phase were not observed by EPMA.  Moreover, the optically active Cr ions were observed by SNOM

and found out that they are dispersed

uniformly within a grain. These results

were consistent with the results of XRD (a)Rough suuface swmms=g>

measurement.

The light scattering is a big problem for
optical application of ceramics (Fig.l). (b)Pore( O )
The light scattering at a surface depends on Inclusion( @ )

the polishing process. The most intense
(c)Boundary

scattering factors are relating with grain ) ,
Grain boundary — emmes@s

boundaries and pores within the ceramics.

We perforimed two stage processes ‘to
. Domnin boundary ewmmmgs

decrease the loss. First, decrease of pores S borme

was realized using both CIP and vacuum

sintering techniques. ~ As the next step, the Fig.1 Factors causing light scattering in ceramics with
grain was enlarged by optimizing the microstructure.

sintering condition and the number of grain
boundaries was decreased. As a result, the
influence of light scattering from grain
boundaries decreased drastically.
Appearance of grains and grain boundaries
of ceramics ruby was observed with an
optical microscope (Fig.2). As shown in
Fig.2, we succeeded in fabricating the pore
free ceramics ruby by using CIP and vacuum
sintering techniques. Moreover, the size of
grain was enlarged by this process (average

grain size:>1000nm), and the number of

grain boundary has been decreased.

As a result, we succeeded to fabricate 2 Fig.2 Grains and grain boundaries of highly transparent

eeramIps by vith SER) la Mighit seatishing ceramics ruby observed by optical microscope after

(Fig.3). The absorption spectrum is shown .
) : . thermal-etching.
in Fig.4. The absorption peaks were

observed at 400 nm and 550 nm, which
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corresponded to respective ligand field transitions *A; — *T; and *A; = ‘T, of C° " These
absorption spectrum agreed well with the absorption spectrum of a single crystal ruby [6].  The scattering
loss estimated from the absorption coefficient at transparent wavelength region was 0.18cm™*. This
absorption coefficient was comparable with the value of single crystal [6]. Photoluminescence
spectrum of ceramics ruby at liquid N, temperature is shown in Fig.5. The emission peak of R line
(694nm) was observed.  The R line is typical emission of ruby corresponding to the luminescence of E
— *A, transition at Cr jon.  The peak wavelength and the half width in the PL spectra of the ceramics
ruby were comparable with those of the single crystal ruby. It was found from these results that the
optical quality of this ceramics ruby was comparable with that of the single crystal ruby.

Fig.3 Appearance of highly transparent ceramics
ruby (Cr:0. I wt.%).
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Fig.4 Absorption spectrum of highly transparent ceramics ruby (Cr:0. [ wt.%).
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Fig.5 Photoluminescence spectra of highly transparent

ceramics ruby (Cr:0. 1 wt.%).

4. CONCLUSIONS

The results were summarized below. (1) We succeeded to fabricate highly transparent ceramiics

ruby by using both CIP and vacuum sintering techniques.  (2) Absorption spectra and PL spectra of the

ceramics ruby were comparable to those of a single crystal.  The feasibility to obtain the laser material by

using this method was suggested from these results.
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Abstract  We report the magnetoresistance measurements up to 30 T by using a
pulse magnet for polycrystalline CazCosOq by Y** substitution for Ca** site. The
magnetoresistance of CasCo4qOy is -25% for 7 T, which is in good agreement with
the previous report, and reaches -50% for 30 T at 4.2 K. On the other hand,
CapgY0.1Co409 shows a giant negative magnetoresistance at temperatures below 20K
and reaches -90% at 1.5K. The Y*" substitution may emphasize the tunnel
magnetoresistance due to the suppression of magnetic scattering or the collapse of
spin-density-wave state.
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