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Undoped and Co-doped ZnIn,Se. single crystals crystallized in the tetragonal space group 142

m, with lattice constants a=5.748 A and ¢=11.475 A, and a=5.567 A and ¢=11.401 A. The optical ab-
sorption measured near the fundamental band edge showed that the optical energy band structure of
these compounds had an indirect band gap, the direct and the indirect energy gaps of these compounds
decreased as temperature changed from 10 to 300 K. The temperature coefficients of the direct energy
gaps were found to be 0=3.57x 10° eV/K and B=519 K for ZnIn,Se,, and 0=2.79 < 10" eV/K and B=
421 K for Znln,Se,: Co. The temperature coefficients of the indirect energy gaps were also found to be
=2.31x 10" eV/K and P=285 K for Znln.Se,, and 0=3.71 x 10" eV/K and P=609 K for ZnIn.Se.: Co,
respectively. Six impurity optical absorption peaks due to cobalt are observed in ZnIn,Se,: Co single cry-
stal. These impurity optical absorption peaks can be attributed to the electronic transitions between the
split energy levels of Co™ ions located at T, symmetry site of Znln,Se, host lattice. The 1st order spin-or-
bit coupling constant (L), Racah parameter (B), and crystal field parameter (Dq) are given as -243 cm’,

587 cm’, and 327 cm’', respectively.

.M B

29 332 BT A9 ZnlnSe,= E7HEo| 142 mQl
AP A 212 2As 53, BaS a=5.7905 A,
c=11.4490 Ao [2], o] #3HE WE Aol o4 o T

fof =R
ol o

sl

1995 % ddigta
HAAS

EEEETE

A 9%

129

23

Z 1t} Ao A Znln,Se, $}5HE vt &
o] 1 Aol o 2] (1AL 1.82¢V ¥
1.74 eV[3]o2 7hA gl A Ml AR we
% oA °§‘~’3°ﬂ"‘1 - FADEE 23 7] W
optoelectronic devicedl] &840l 7|=]= B2 3t
olt}. Znln,Se, 3t3HE WHE A E optoelectronic devicedl]

o] £317] A=, ZnlnSe, BAY A3 A7 3

az

o

H %
A

oo
163 !

E}L o

=
[
]
-

e O
IX -



130 HYF -
B 2By FY 2L 26 Wbl 9% /12BN
Aolol| that A7t = asich ZnInZSe4 3 e A
of e A AYTES} ARG, 5] FHEE &
Mol 93t & £9 EA[6,7], BH7IH 71 E 8],
Adzujo] Wapde] 3wk Mol[9,10], 22| 2 n-CdS/p-
Zaln,Se, vt glokdzjof tizh GF[11) S0l B1H 1
Axut w45 ZnlnSe, ZA o] 3d Hol¥Ael cobalt
2 arsle] AN BAE 24 ATE Choe[12]
8

o] AT E A9t ob 7% By 6 gk
A"B,"X." ghghg vk Ao A7) 4 aHE WebAl 7] L,
58 3 oula] Goll M HHREE =S a7 e

Hq,3d dolag BeEE Wb W vehte &4

Aofolf thd 7} BaE 1 QIth13]. 53] 3d 2%
cobalt A"B,"-X." 8152 wheAld] 28R WY
AL waA o] 7HAo] 7HAdu, H7HE cobaltd
S Z7hAI71E HEHE ojuA AL GAs] astA
i 15].

B oA A9sige atoAe] Fatd EAS i
871 9g A9 shtE ZninSe, HAARH o] ©AA
o] cobalt® ¥4E2 H¥7)3h ZnlnSe: Co GHAAE
Bridgman ¥ o2 A7)0, X-H H4FHE 53
sto] Mate wdge A4HR AANTE P
], 10~300 K &% ¢ Qojr] #E&4 spectrum S £ 3}
of o] AYEe] #ek o7 AL $Abeta, B34
quix| +Ael exofEHE FHEsUT LI e
of olat EF BAE sl BE HET 2Ue

2.1 Znin.Se, % Znin,Se,:Co AN ME
Ingot 344 ampoule> FHA G Tl 1=(99.

9999%)2] zinc, indium, selenium F4& FAVE AF

ste] Wi, &4A F7|¢to] A7) wEo] R selen-
wumg EE317] 938ke] 5mole%e] selenium$ Yo
2 A7 2x 10" orre] AF &AM s vhE

Act. olwl W Alg MA|e] ¥ 20 gram, H7HE
cobalts 2 mole%7} 5| £ & apivt.

A4 ampoule® FYUE LLE ze Al
2o} 2obo) 223t 50°Chre] £E2 1200C7HA] &
LA A M 2407 7HE R Bk Wi EA |
FHEE ggirt o o ampouled -¢-2

st Fsle] ), A 6, A 2%, 1997

o
% w»oﬂ T 2x10° torre) Loﬁoﬂﬁ P
sto] B A4 ampouled THEYTE o] wAH A

44 ampoule& -2 Bridgman X7|29] Sl FA
& %, 1100CE £§4171 g 23 mmhre) s34 5
Z Bridgman 7|29 std7tA] A7 A Znln.Se,
2 Znln,Se;: CothZ g AN 438 GAd S
Huhsle] AA doje} siaby AntE slo] FE &
Qg AJH O & ALEEY o, Xoray 8| 4R 248 4)
v 4% U M

2.2 ZninSe, %! Znin,Se.Co CIZNQ| E4 3&

A 2%] Znln,Se, 2 Znln,Ses: Co WAl AT X
X-ray diffractometer( Rigaku Gigerflex, D/Max YA)E A}%
dto} B AR E 7Eeka, o HYFHE st 2
Yrzel ANFE FelATh Xray AT KL
23E A%y ZnnSe,Z ZnlnSes Co YA e] AT
Z= tetragonal 20| 7 ARAIFE ZnlnSed] HY o=
5748 A 2 c=11475 A0 2 Trah[2]%0] ZnlnSest2 %A
oA T AR 0=5.7905 A, c=11.4490 A} w8
B 2 4|38 grolt}h wit Znln,Se,: Co A A o} A4}
A4 0=5.567 A, c=11.401 Ao& Zyzd Foj Mt

P& 2HE UV-VIS-NIR spectrophotometer(Hita-
chi, U-3501)& A}-&3}e 400~ 3200 nm7H| & o A of| 4
4Rk 43 ouia] A 2rAEYE T
9]3)A] UV-VIS-NIR spectrophotometer system®l] cryo-
genic system(APD, CSW-202-6.5)8 #- 43l ZAH 2%
Z 10 Kol 300 K72 #aAl7|H A 400~900 nm 2]
_4,;], oioio“ /q J,Lﬁ_,_ spectrum—-— 14 ) o};" 224-5}010
™, o] #&F spectrum Q2 HE FEFAF()E T8}
o EA oz 7HAe AAEEd. w3 Wk
2242 400~ 3200

3. AEZnel na

3.1 ZninSe, % Znin,Se,:Co CHZHHO| W&+ BY

2| &2F2) 7} Bzg UV-VIS-NIR Spectrophotometer
Abg8to] 10 K-300 K7H4] 258 W3hA 7| A Zaln,Se,
dARe] N xFFY GG 650~800 nm F el F



ZnIn.Se, ¥ ZnIn,Se,:Co

Znin,Se, SINGLE CRYSTAL

300K
250K
200K
150 K
100 K

50 K
10 K

OPTICAL ABSORPTION (Arb.Units)
~
o
[=]
| Fﬁ/
o
o

650 800

WAVELENGTH (nm)

Fig. 1. Optical absorption spectra of Znln,Se, single cry-
stal at 10~300 K.
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Fig. 2. Optical absorption spectra of ZnIn,Se,: Co™ sin-
gle crystal at 10~300 K.
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Fig. 3. Plot of (o - hv)' vs. the incident photon energy
hv in ZnIn,Se, single crystal at 10~ 300 K.
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Fig. 4. Plot of (o - hv)* vs. the incident photon energy
hv in Znln,Se, single crystal at 10~ 300 K.
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Fig. 5. Plot of (o - AvY vs. the incident photon energy
hv in Znln,Se,: Co single crystal at 10~300 K.
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