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Photoluminescence and Electrical Properties of CuGaS,
Crystals Doped with Zinc

Hiroshi KawaGucHi, Tsumoru INacaki and Seishi Iipa

Vapor grown CuGa$, crystals, which are of the p-type conduction, have been found to be able to lower
the resistivity by Zn doping. Zn doped low resistivity crystals were prepared with the following two
methods; a) diffusion of Zn to as-grown crystals under an atmosphere saturated with Zn +35, and b) iodine
tranport growth from source elements, where a part of constituent of Ga was replaced by dopant Zn. The
room temperature resistivity of these crystals became 10-10%#2 cm for the former and 10°-1042 cm for the
latter, compared to 10°-107 £ cm for as-grown non-doped crystals. The acceptor level responsible for lower-
ing resistivity has an ionization energy of 100-130 meV, the values which were determined from the tem-
perature dependence of the resistivity. The photoluminescence spectra of the doped crystals showed a
corresponding change, exhibiting a new emission at around 570 nm at 77 K.
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5:(x=0.015) ¥ X ¥ CuGa,-Zn,S; oz (x=0.015) &55D
Zx b iFyrAiR, Zo580nm OALZ AR
CASEA PR Aot 5[ RN SR Sl Nl TR
In PBIE LR YTHDEH#HL D LHTES, —F,
550 nm fF¥L o € — 73 as-grown FEHCHEHNIILE
¥ERA—DEOEEL LRD.

ZhEHLT, SHUBEROT + bA IRy R
i, In DY - e TotcbdEit &£ Rizh, =
O EaH SEAEIT X LEERMAE Zn F— Sz

ARBEE 6 S (1984) —

IhEhErfloERc L2023,

In+SBMBERD7 s PA IR, 2 VAL 22D
—7HRAGR, ThOOHMNEENERORE ST X
R -THWEOWR, ZIn O Y- v 7 235l 50
DEHNEE T In OEEA T LR TR OESR,
KB MEA B as-grown fEdh &R URESAREL TS
Dhs, FLRM O OBEETHEEOMBI X O R¥dB.L
DEERREL D EBRLNS.

L. L. Shay %542, CuGaS. # % ZnS+S BB L Zn
DY—EVIETED7 4 P IF g VAART B
MZODWTHELTEY, ZhiIZL3E, A7 Fa
BB b Zn oREWIKT LT 510 nm A
5 590 nm ~EFECEL TVvA. H3wsELEe Cu
Gay 2 Zn, S Figa DALY b ad, xTibY Zn O
LZEPRBICT B LA 5T, 560~590 nm ~ZF(L L
LOBGELAROLEETVELTVE. Chboa S
7 AN, TR E S EINEES - s A E e
FAF—fl~7 b TEicn, D-A7THERESYCH
ZEEZBAL. L L ZIn OBENEMI, TruTs
BECHEALTHMTAEELL L D-A ~7 0N
RN E B EEL LR, ANS LB R
F—f~o7 b T AR T CHEIRBRB R - T
LA, SRIROWTHL, T2 e T R T < R
E15 Fd—vnd e Rpl T 88 b5,

BT 2 HED baRD G L= * L ¥ —iT
BIL T, M6~8RLEBERDIEHE T H30meV
BEEE L= 2 ¥ —DlRRiL 2T B®, Zn+S
BB SO 540nm OV CHIE L 450 meV LS
ENFhAB - v L aEhorR Ly~
CELdhofdnlibhbil. LOHLWTFhice
L, AR EhERPETEL E1LEL TSI
Fob— b~ BR LA b D Ch B ATREE A S,

A 531k, CuGaS,, CuAlS; 35 L 7F CuAly.,sGag.s:S,
EOWTEREREEEEONEL TV, FhFhOE
Pk = L ¥ — o\ TR (105/T=5~10) T 10~
24meV o\ o, FHE (103/T=3~5) ‘T 62~144
meV OIFEG-HOFHEL, A2 P ARE- Fh— b
BT 77 2BOD-ARETH D LTV 5.

BAx ORGE L bR R EHEL= & L $ - 150~200meV
(10%/T=6~8) ik, WHORBRKTH 62~144meV X
U S R Y . X 5 RS TR L 7 CuGaS,
as-grown FESRO M — & LU BRSO V- 1E, Sz
fleLsdbo, T5RMNSHS r~ADEBHEIhELD
THD. G Massé” S4f, I 5 BT CEHELA
CulnS, ko2 USZflic ks 0meV @ F+— L~




N AR « FRiEd - s

FHEGLTEY, froREHED 5 S & 150~200
meV OE#MEFAF -0 L5 SEILicks ¥
F- LT H LTRSS D,

CuGa,_xZnygSse (x=0.015) EHOBRROBEKRE X
hRWI 130meV D7 7 7 & L3 (Ba) &, BEH
X hkebic 150~200meV @ F+-— v~ (Ep) &%
nz -3¢ Ea+Ep=280~330 meV {3, CuGaS, D77K
TOA Y EFE 4 » F2520eVIMmE7 4 PATF oY
AOEY— = — 214eV (580 nm) # 5\ 7o {E 390
meV iCHEBENE S Sh b LS ADREERTHEIRS.
LaL, ZHio2WTik CuGa; 2 Zn,S; #5daD 7 + b
{1y vAD In T 5 BENA, Bk D-A <7
CHHTER I, SR FF— LA LERLTR
HT 0B B S,

BEHEC VT, EBEC D-A ~7REKGTCE
BRITH - 12 b ONRE R -Dh free to band FK
EfboTn Vi 2 (M ELLALDT, FRE
T 7 4 Pl kgt w ARASLZ P ARRIET I
IhELV LA DEBINTEALSS.

Zn+S FHAEEE B2 OWT, 540 nm THIE S #1.72450
meV OEME=3 2 F —1iERCE VLA OFEY
MLTED, as-grown X 0SBABES O EROER
R L bR o 400meV OFM L = F A F — KT
Vv CO LS REGCLSARI LSOt SDE D
AHiibinhs, SEBEGEO 7 » LI R 2V AD
PR AF L 146eV THD, AV FFp Tk
DT 1.07eV Fio o dEEIm G v amBE LTS
EXTHE I LA S SFELED 400meV 25
FLSARZORECMEL TGS AL 5.
4-4 L HEOEEC LT

CuGaS, as-grown #5fhts X O, BLREHEHC In Ini iz
B L S BHREYAVTERL TG-S0, ok
EHAETHD L OENSHA FAAD FF—FBNTD
v Bz EAEL BE, EE as-grown #dDEHE
AIEFICELV-DIE, R EBRAS T B D TH
BZETBLTVWAREY 4H50T, LHFEL2-T
SIMS HHi%k 1T - Taiz. Lil, LiFoxTaBE
BIEREREG o, A d s b 10,000 ppm LBV A -
Tl WA RECER LM bR af Lo
2T, YHFNA-TOLHMERL SV SEI LD
A HEE AbR TEFOLENSD.

5 #% E

CuGaS; ffhic2>uvT, thETtHEEh TV Zn
DF—-ErZE2M0ONETT - 4. Thib as-

grown #5F% (Zn+S) ORFIZKEFCHLETLHF
Iz ¥—evyk, BRERERCERC Zn M
Lol XAF—E vy ThHD, WHETE as-grown
FEET < B IR ST 5 6 R L 10~102 2 cm
Efrc b EETI, 255 4 TR 102~10¢ 2 em & 7
<7,

In @V — v %7 - im0t 7 A £ — 11,
WEROHFET In % F—7 Lich o Th, KERLL
DT T eTx A F bzl — 100meV IV -100
~130 meV THh - fo. SIMS ic X 54080 5i1%, KER
R Zn R TAA KRR oVC In Bk E 4,
CuGa,_ 21, S, i T fEiA L Zn B LT Zn OfF
TR L o

CuGa,-.Zn,S; &M T, fLAAR Zn oBCHEL
CT7 4 b iRy Ry AASRZ b AR 560 nm A5 550
nm ¥CEL LA FhsmaEc s In oREYT-
TR LS80 nmiTREiC Zn ©a D LA ENRDLH AR b
AEEIERE TRz, Ind F-E vy ET ok
BRON I, B RASY b L, as-grown BRI X
Hhobkd, SBNBERCIAZLDOEL R, Tw5S.

LIEo X o AR, 3 IO0BESN, JEFEMEE X
hZn @ F— v 2T L AERAROCE TR, EEkroH
HokHs SHNEK I D EEALERRARD, Zn 25Ga
FA P AALHT L BARBERE LRV T 2w T 2w
Et2HicLa40Ths BRI

6. M ®

FWECIT -1, A~ SER OGRS LT SIMS
HEO eI, AYBIRHEFHRTOEEERE
B L L. FFEHSCESGLET. £
7z, SIMS A #fic i\ Tid, RESW = v & — KEFIEE
EEroREEc) LA
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