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Fig.1 XPS spectra of an indium doped ZnO single crystal sam-

ple

El 2 # In ZnO MG FE R 1= il CL % (300K, H20,1p28,25kV)
Fig.2 CL of ZnO:In (300K,H20,1p28,25kV)

SO RE DL KA AE — S T 4 (8] B AL A9 b M In SR
HR A 3 $8 43#7 , AT LLIA Sk 78 A= K R B2 A 6] 0% 2% 1 T - 38
BB In BEEE AT LI B BEE0 ZnO B G BB T E X
S R4 . 5 —Jr i, 7€ 1000C BT & In 19 787K
JEARMIK (1. 333Pa) , 4l In ZE V00 73 FE A 2 DA SE 3 4 ot
T SR 1A B FB 2R MR B L 1T 850~ 1000°C IHEE M In 4k
AW (In, 0, In0) A 7835 » 4l B 7E ZnO P,
AR R A T AR RO
ZnO(s) + In(s) - Zn(g) + InO(g)

M In 2% B S2 B T A5 R0 B AR A% B » 72 ZnO HL
an A B T R B AW .

B2 451 T —1~18 In ZnO B 5 FE 5 = 3 CL
REEHE. CL 4 T W7+ 380 H 520nm 1) P A~ I .
Horp 380nm (%2 66l ZnO PG S i T 5 A a8
T B A G i G T 520nm 1) 28l I S —
AP K 420 F 600nm 1) U . S ARL I LR S P O I HE
SCHER A KRR IE B E T &M B AR A K T %
AT ZnO #Hp L F TN B 5 ZnO M8 AE B
l}/éﬁéé(z.llwlﬂ .

F K ZnO B Bl G SR I 1Y) 7 AR LB 2 1B
— Al B R LR R A A DG 2 A R R R A A
Ov.Zn SEP Zn, FIRAED . 1] LB H X 26 R 58 9 B I
1) % 6 I AL 4G WO 400 B G AR JEis W , CL 5% 3%
#1425 In ZnO H @ R A FEARTE VR BE LB FG . 30 % 4 5
T Oy A5 BAE Ak FH AT LA ARG i3 26 B B £ 9k

B 3 45t T —~4 In ZnO H & F 5 1Y Raman 5
U . B ZnO B &b 7S J7 S5 48 BT R A 1 7 F O A, AT
VLB B — 50 T 580em ™! A2 A W I 06 L TIESE T 8
In ZnO L HAETE Oy BRFG> 7 it Raman H5T14&
WHAES N [ ZnO gt v, K7 51 76 1 4 BRI
ZnO B U] LOEE S Ll ] X N g S 2% G
K ZnO HL I AR AR B G LB I AEAE S kg Al
K. iX 5 CL Wl 25 R — 3 @ik 78 O, UK T = iR
KALBRJS  b Raman ST 04 2, R K FE(E T O
25 I MR

FATXE In ZnO H 5L FE SL AT TR 30 Wl &
SR ANE 4 FroR . AT LU .98 In ZnO 5 A G A
T 450nm Zi A7, iR K G 9 ZnO B RE S B W 0 1 5
H AT LAGA F) 380nm A2 AT A TT ANk 2 ) = 5 5 R A



1542 T ko M %29 &
8000 - 1400
E, (high) 1000 ——
T (low) 1200F 07 Bth 1 _ oot P2
B 2 £ 600F
- 6000 1600 Z 400t
S 5000} __; 2 200}
- A oF
= 4000 + S 800F  Of; : " ? 1000300 0300 1000
% ;’ -3000 —I()();) y 1000 3000, )
) B 7] )
E 3000F  PE(M) A(LO) g, g 600f
2000 | annealed =
400+
1000 - doped
0 i 1 1 1 1 | 200 i
0 400 800 1200 1600 2000 o
Raman shift/cm™! | ] ! ! I
-2000 -1000 0 1000 2000
B3 4% In ZnO %t kK9 Raman U3 i 261)
Fig.3 Raman spectra of an indium doped ZnO single crystal B5 15 In ZnO & 5 03U XM AR 6 5 B4 JE 5 2

sample
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Fig.4 Optical absorption spectra of an indium doped ZnO sin-

gle crystal sample
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Fig.5 XRD curve of an indium doped ZnO single crystal sam-
ple The insets are the XRD results of two undoped ZnO sam-

ples (samples 1 and 2 in Table 1).
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Bulk Single Crystal Growth and Properties of In-Doped ZnO"
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Abstract: The Hall effect, XPS,optical absorption, Raman scattering,and cathode luminescence have been used to study the electrical

properties, crystal quality,and defects of indium-doped bulk ZnO single crystals grown by the chemical vapor transport (CVT) meth-

od. Indium doped n-type ZnO single crystals with a carrier concentration of 10" ~ 10" cm™® have been obtained reproducibly by

CVT. The doped indium exhibits high activation efficiency as a shallow donor in a ZnO single crystal. As doping concentration in-

creases, the optical absorption and electrical properties of the In-ZnO change significantly. Defects and their influence on the In-ZnO

single crystals have been analyzed.
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