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Optical studies of off-stoichiometry of CuCa$S; crystals

Akihiro Qce , Masakazu Yact and Seishi Iina

PAS and photoluminescence studies were made for various undoped and Zn-doped GuGaS, crystals prepared by
TIodine transport method, The results are discussed in terms of growth and heat-treating conditions which are
considered to govern the stoichiometry of the crystals. The PAS spectrum consists of the band-to-band absorption
and a broad band absorption extending from 550 to 800 nm. The latter PA signal is large for crystals having a high
possibility of existence of Ga vacancies and small or non-existent for Zn-doped crystals and crystals heat-treated
under saturated Ga vapor at growth temperature. This signal corresponds to the absorption which was reported by
several authors and is believed to be related to some kind of off-stoichiometry of the crystal. These results seem
to indicate that this off-stoichiometry giving the PA signal mentioned above is due to Ga vacancy. The
phatoluminescence appeared at 1.44 eV for ¢rystals heat-treated under saturated Ga vapor. This emission was not
detected for crystals having a high possibility of existence of Ga vacancies. These results suggest a possible relation

to Cu vacancies as the origin of this emission.

Key words | CuGaS./ Off-stoichiometry/Vacancy/ PAS/ Photoluminescence

1. L&

CuGaS:iz, FBT2.43eV oo ¥y w75 L b,
PRNEM LR TENETH Y, &8 LED ikl —
W p BB ~DERANTRERE L > T3, LiL,
CuGaS,; IZ=TILEWTHS 5 212, MlEE AL o<
T4 MEY 2L TwB0T, TILh ol FRMEAT
BT, AMAXA ALY v 2hEERIIBIG, £
LT, 2k 21, ORI T, B, &6, BE,
BE, FELIIMEINTHIHID, —hLnfn
M, bbb RENEENE N, AL X+ 4L
o THIZELLEZ LNTVE

CuGaS, *BART AT R0z, A MM ¥4
ARV sEnth BTREE) XEEOBEEOMEE
BHLPILTLLEYHE, I, KEEGORL 24
RAEFDPAS 2T ST x bR iR er 2kl
B L, Ga =L Cu 3L & e ayheit & OBR & Ml L
P THET 5,

Bt PREBfI61E4H 18
* RMEMHEAERRE
tE, BEA 2Lk SH

IFFEME ¥ 8 5 (1986)

2. BARK:WE

2.1 #eRE

AR, TRTIVRREE 2L - T
WL AT, BET > 7 AORKAPE 12 mm,
& 150mm, HABOMERIT 4x10-Torr 25, &
BELXIRURMAIAS 900°C, scEfl#y 700°C, MHPi2 3 ~ 4 B
ThHd, B iaRis Table 11254, Nosl-4 ot
RLANBOBEN L 2L 0 THY), Cad—ME InTh
25 2 THAATWS No. S 30729- 2 D#E S (CuGag.ses
Zngois Sp | AER) I2NO L HEML 2 LT hH 5,
No.860225- 1 d&diz, No8l- 4 DREBIIH~T 39 %
DHSARA DR, 2L, 3 R R TR R
FAHIGTRATERLEHD L EZ LI TVBDT, Y

2Cul +GaiSs+58:~2CuGaS + 1, a

ITRNMARE LU TEI LIz - TCun k%
ML, NoBl-4 sk L Ga-rich m#t & % (R L &
FERALLOTH B, 12771, ZO#ETIL, Ga-rich
Lid, GagsTMRF, H2vi Cu LR ey

— 161 —



KFERLL - KARIESD - HHKZ

Table. 1 Preparation conditions.

Sampie No. Sample Charges
-~ brown Cu;z 50.0025mol Ga=Ss 9.0025mol
CuGas, I 425mg 25mg /cc

Cu 318mg 0.005mot
Ga 343mg 0.00493mol

530729-2 brown Zn  Smg 0.00007mol
CulGac.ses Zn 001552 S 321mg 0.01mol

1 425mg
Cu 0.004mol
Cu 684mg
ellow green Cul 0.001mol
860225-1 yerlow & <[ 127mg
CulGas,
Ga S8, 0.0025mol
E) 0.0025mol
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Fig. 1 Schematic arrangement of apparatus
for Photo Acoustic Spectroscopy.
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Fig. 2 PAS spectra of brown and yellow
green CuGa$; crystals.
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Fig. 3 PAS spectra of as-grown and
Ga-annealed CuGaS; crystals.
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Fig. 5 Photoluminescence of a brown
CuGaS, crystal (860301-3).
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Fig, 6 Photoluminescence of a4 Ga-annealed

CuGas$, crystal.
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Fig. 7 Photoluminescence of a yellow
green CuGasS; crystal (860225-1).




AEHIL - KRARIEH - SHKS

Chizb 70— FaX¥ERIR S FEBRALTHN,
700°C, 3.5atm o S BALTE (BEFNFEFE T4 20 atm) T
BLICEHF AL EW|EL T3 (Fig 8), Zo%EEI:
%, Feit L 8 MRIEAHET S v Y HEY L H 34,
SR, MEHOKEE»LHEEI L RN Fe &
EPMA i e 2 ot d b il L Tk nd,
Yamamoto 5% 4, /B L FEHEORIL - FEBRL T
VAD, EhiL, CuSrich n &G TEML - B6HERT
FAHBEETH), £ FeESRBEIBMZN LD

PHOTON ENERGY (ev]
CyGaS,-813 RT

TRANSMITTANCE (

ey

5000
WAVELENGTH ()

Fig. 8 Transmission spectra of as-grown and S-annealed
CuGa$, crystals (by Y. Qguro).

T, FORWANL FlgRA b4 XA A )b Fhizk
BLATHAEILBELTWD, ZhLOZEDL,
BB E CuGaS, TEREML 2R Fid, GaZ
LA S EIBFEL T3 e Bb b, 50, BRIZEL
% Signal 0 2 A8 @ 2 1 72 550~800nm & $E B D
PAS 27 b i, TR FA XA A P U Lo
L BRI S FIZHGL T b & %2 L, 4.3 THL
(i~ B A, Curich o 458 T Signal 78 <, %
P2, IHTA A XA AT NSRBI ABRAEE
% Ga B | 7282 8 7 Signal AT LA, 20l
It Ga BiLIcBR L 2L oThEEELLNS,

CuGagges Zng1s Sz 122 T (3, N0 &% (L, Zn A —F
HGat A Pt A TwA EEZLNDLERELTSE
0, ke iRiEe PA Signal 22 & EFEL v,
IngifimlLzzoE&nE, CurichBbhh b
CuGaS, (&) XiIIFL HHEL T, HHAYIZIZ
Curich #2505 TH 2 3,

4.2 7xbniFo kA

Fig sic Ron bR, E—72 X —a
2.25eV, REMEIZ0.15eV TH B, ZHULE, A4 Ga

— 164 —

ZILE SEIIZL B DARTRETHAH EBELT
WERLNEE— 7T AAY—, H{EEE LI -BLTE
N, FA—ntLnr®Ez Lk, hHBEREET Ga EILIH
FL2DA~TREXBELN, GasE | 280 R
BEBESTERALA TV W LI, PAS 227 } 1o
HREFBL T,

Fig. 6 iz R &0 2K, Fig TORFERLY
7Ta—FTHE, Hobler 53, Gavi@#iz & » T
1.7—~1.8eV ORI FHIB0.3eV B XHBLNILE =
EERWEL TR, GapB L 2 ECRLLEK
kA, MEBRAERIZRL B HRARI L Hobler &
OYELTVIRENVE L -2 Lo, FhELERE
HOIIALShIRAREIMIITo— il o
2, BENEZHbh by,

Fig. TItR Lt ARNREE, E—723 0% —1.44
eV, H2EMR0.22eV ThH Y, IBRLYFEREL T2
— 7 A NX—~1.45eV, F{liE 0.227eV o RHIZIE
v, ZOMRICRLAIREII D THOREZIIMzIR
ZwlihonT, REBERIZRLSRAZFFRKIE,
BooBELLAR—TH2LBbNDH, IRy
2, TORXEFIHEHETHIL. TEY, R2Dhs
S (No86030l-3) TERBMRMERT ARV EEF
BLTwa, ZoOREZ2NT, BYL, AHEBET
RBRMINAFHRREMETIIRUNI L LI WEL T
V43N B LG, RRBEORRILIITAL X
* ALYy 2, BOBEOFEAITRP Corich, BB
it ) Corich L #E 2 LN b4, ZORBRLD
N BokHERELSC Ga BB | S E L TRBRE
BICRLNBZ 246, CuBILizBFR L T\ 3 TTEEMEA
H5,

ZH Fig 7Ti2Ron35HB-@EREE, E—7 20
¥—A¢ 2488 eV (498 nm) T A ", Bardeleben 5% ¢
HHELTWBEE— 7T AAX¥—2.486eV (498.6nm)
FAMETRELR—OLNTHL L EBLLAD,

4.3 R A4 XX AP NBLOTNERENE

CuGaS, # S0 & =ML T, Shay 53, MR E*C
F BRI OWT, FOBTENS> L, BARSL
2P A XA AR 7T kit GaSs-rich TH 2 L §
HLTHY, —F Yamamoto 52, I 7EMRIEIZ L
LiERII DT, REFRMGE R 222 P ariGy
5, BEESIL Cu,Srich, AL Ga:S;-rich T,
BHEBZHINLDI HTEL AL X4 4 F TR
FHELTWE, IhsnfiEs, 40, AHEEEY
Gaghn | THREHER B2, 272 CuGaS: nE
BTHy F¥ % 7H12.43eV (510nm) THdE

F R R4




CuGaS# @& A b 4 % 4 2 F b0 Th X e

LEEEZ YL E, EWBRN L LGB ML 7
FA %2 Iz, Garich dBREDE L 2510 L
AT, RE, B, RECLLEEILAL. G
B IIL Garich TI3HBHITIZA L £ A4 2 R
TH A&, 3 TEROEARY EREREZOE
i EvnTs TEMEENRER N> L E T,
Curich ThHB L Bbi s, Lirl, IBY, Hofass
g% S B T Ga =iz POLR L 72 BRT A 50 2 7 s i
BELHBLLEE Ty (Fig.8), &orfustsfis,
BEHREFECEaERII LT, Ga I, DF
 Curich DEEENHPHTH L & EiLs,

5 % M

HH 8 CuGaS,, ®ike CuGaS,, Ga me | » R
CuGaS,, # T Gay—8% Zn T3 A THIIAAT
TERL 72 CuGagessZngss Sp i2 20T, PAS 22 b
E7 bR w22 BlE L KL, 550~800
nm ORI, R A4 F A AL ) hsoFRIZED E
FL LN BHFIRIL < FAREI T AP %S ]
LZ:PAS 22 F Lk ¥+ 5 &, = nEMo PA
Signal i3, Cutich k@S LD, 2 | 4 *F AL
l:i&“ﬁ‘ﬂ@.%ﬂ.-ﬁbGa-riCha’)%Eﬁa‘%, LT
CuGayess Zngors S, DHEIED 212, Lidi-T, Fiked
HHRI < Fit, GaZ=FLimBEL 7 Lo ThatH
Zhhb,

TA R Ay e AOKETE, GaBILIcRES
LEHEIN T BT AN ¥—-2.25eV, ¥@
¥E0.15eV > DA ~ 7 8%, Cu-rich DHHERER(Z
DARLNT, ZOREDPAS 222 L L, Liko
Ga ZFLIZBIR L 2RI E L T B LEZLNBH

M EEL L (1936)

BT IO R I~ T Signal % ¢, PAS 2~ 7 }
NETF PRy A EDMEHRD 72, £, &
REHMEPRERSIZR SN2 FAREIZ D0 T2, Cu
EIHAFEL T BTHEROBCHRIIELN A0 T,
CoZ=ILIZMIR L Ty 2 ThetEAh 2,

6. W 34

AMET, BERRICHIT2FEAT 4 Hig 77
WEREARBENREAS AR 23, 27, Ags
ERIZA 2T, Pe~ABAL TN ERTSED
MR MR - T,

* % X m

L EhEfE HRE RiEE S CRRE 4
840 (1977,

2) Nobuyuki Yamamoto, Noburo Tohge and Takeshi
Miyauchi : Jpn. J. Appl. Phys. 14 192 (1975).

3} I.L.Shay, P. M. Bridenbaugh and H. M, Kasper : J.
Appl. Phys. 45§ 4491 (1974),

1) RE— BEERELR (1982),

5) Nk, FHEW, EAHY  EREHAHTHS B
6% 1 (1984),

6) ERAREN  REHEARBIFESRE (1586).

7 RE—, EHEEZ  EREMAHEESS E3S
37 (1981},

8) EEBBE- SEHBY  EMHHAHETRES %2
4% 13 (1982),

9) Teruo Teranishi, Katsuaki Sato and Kenichi
Kondo : . Phys. Soc. Japan 38 1618 (1974},

100 Mo REEEAHERY (1985),

11) H.]. Hobler, G. Kthn and A. Tempel : J. Crystal
Growth 53 451 (1981},

12) J. Von Bardeleben, B. Meyer, A. Goltzene and C.
Schwab ; Journal De Physique 3§ C 3-165 (1974,

— 166 —




