26 3 Vol.26 No.3
2005 3 CHINESEJOURNAL OF SEMICONDUCTORS Mar. ,2005
*
Zn0O
t
( 330047)
: (0001) Al2O3 ZnO
710 860 . X Zn0O
. ZnO(002) X w (FWHM) 770 ,
ZnO(102) w FWHM . 770 Zn0O X wBd ZnO; (200)
. ICP , wD Zn0O2 (200) PL ,
Zn0O;
: X
PACC: 6855; 7280E; 7865K
: TN304 2*1 A 1 0253-4177 (2005) 03-0498-04
(MBE) (LP
1 MOCVD) [ 11
(AP-MOCVD) ZnO ,
(ZnO) - ZnO
, a=0 325nm, c =
0. 521nm, 3 37ev* . znO
1 2
ZnO 60meV
, MOCVD ,
L EDs,LDs (2 GaN (0001) Al>Os , (Zn(C2Hs)2)  Zn
,H20 (O) N2 ZnoO
, ZnO H. :
(s 7] , , ZnO
ZnO , 600 ZnO 4l 7Zno
, 710,740,770,800,830 860
; , 10min. 860
Vo ,VZn ,OZn ,Vo' (|CP) . ICP
(8 101 , , 500W , 50W , (BCl3)
,ZnO 20sccm, (Ar) 3scem, 20min.
(PLD) BEDE QC200 XRD ., He
* ( :2003A A302160)
,1978 , , ZnO
T ,Email :Jiangfy @vip.163.com
2004-03-04 ,2004-05-21 6 2005



3 Zn0O 499
Cd 325nm P,
103 L(a)
ZnO(002) ALO,(006)
10°F
10°F
3 10°F .
o MMM bl
1
X oo® 1[0 z 0(002) | AIJO (006)
n 23
1 ’ ,a, by C z 104+
860 860 20min g» 107 7n0,(200)
X w® Zno g 1}
(002) Al2 O3 (006) 1otk M
Al20s c 105 (c). — '
| Zn0(002) ALO,(006)
ZnO . 710 740 X 10°F
w®D 10k
Zn0 (002) Al,0s (006) ( 100 J
). 770,800,830 860 , 10 l‘hllfl“.. ﬂ‘..l..htln.n u \I A
X wD ZnO (002)  Al.Os B3 3729/(0)39 a4
(006) Zn02 (200) (
1 MOCVD Zn0O X w®d
860 ). ZnO(002) (a) ; (b) 860 ; () 860 + 20min
( J Fig.1 Xrayw® scan curve for ZnO films grown by
), 1(b) 1(c) 860 APMOCVD (a) Asgrown;(b) Annealed at 860
20min wBd (c) Annealed at 860 and etched for 20min
) ZnO: (200)
ZnO: . Fu (191 420 002 @
650 S(111) ZnO Zn0:. > 410F
Al,0s ZnO = 400
Zn0; . , E 390t
’Zno Zn 380 -41; | L L L i
[16] 820r (b)
! ! 780} (102)
Zn/ O , § 740}
, 170 Zn0: :35 700+
X (002) = 660}
620 W 1 1 1 1 1
(102) w ( ) ! (FWHM) 600 650 700 750 800 850 900
2 T/C
(002) FWHM , 770 2 MOCVD Zno XRD w
FWHM . (102) FWHM FWHM (a) ZnO(002)
. Heyi ng [17] ® FWHM ;(b) ZnO(102) FWHM
! (002) FWHM Fig. 2 Dependence of XRD w-rocking curve FWHM on
(102) FWHM annealing temperature for ZnO grown by AP-MOCVD
, , 170 (a) Zn0(002) ;(b) ZnO(102)
( um), FWHM (102)
, (002) (102) FWHM ,770 FWHM . w ,

,(002)

Zn0O>



500 26
] w ] Oi OZn
3 ZnO ICP ( 3 h
,ZnO ) , , 0]
Om
; (Vo) (V) 4
(OZn) . l
. ZnO MOCVD ZnO
X L ’
I ., , 770
5 JL,,% 5 Zno;. PL
i
el N T
g d L L
2| —— ' S
L ‘——/\v\‘f Zn02
g
N ;
| I Lo 1 T o 1 1 J ¢ |
350 400 450 500 550 600 650
Wavelength/nm
[1] Klingshim C. The luminescence of ZnO under high one- and
3 MOCVD ZnO two-quantum exditation. Phys Status Solidi B,1975,71(2) :
PL a: ;b:710 ;€740 ;d:770 ; 547
e:800 ; £:830 ; 9:860 ;h:860 + [2] Tang Z K,Wong G KL ,Yu P. Roomtemperature ultraviolet
20min laser emisson from self-assembled ZnO microcrystaline thin

FHg.3 PL spectrafor sngle crystal ZnO films grown
by APMOCVD a:Asgrown;b:Annealed at 710 ;c:
Anneadled at 740 ;d:Annedledat 770 ;e:Annealed at
800 ;f:Annededat 830 ;g:Anneded at 860 ;h:
Annealed at 860 and etched for 20min

Vo, 600 Zn0O
1 H—
m , DXRD
' Zn o]
) X Zn0O:2
VZn ,Oi OZn ’ [9]
,Oi (2. 28€V) Om (2. 38eV) PL

, V(3 06eV)
H— )

films. Appl Phys Lett ,1998,72(25) :3270

[ 3] Ye Zhizhen ,Chen Hanhong,Liu Rong,et a. Structure and PL
spectrum of ZnO films prepared by DC reactive magnetron
sputtering. Chinese Journa of Semiconductors,2001,22(8) :
1015(in Chinese) [ , , )
ZnO PL
1015]

[4] Tomlins GW ,Routborti J L ,Mason T O,et a. Znc sdf-dif-
fuson ,electrical propertyes,and defect structure of undoped,
single crystal zinc oxide.J Appl Phys,2000,87(1) :117

[5] Ogata K,Sakurai K,Fujita S,et a. Efects of therma annea
ling of ZnO layers grown by MBE.J Cryst Growth,2000,
214/ 254 :312

[ 6] Du Guotong,Wang Jinzhong,Wang Xingiang ,et a. Influence

,2001,22(8) :

of annealing on ZnO thin film grown by plasmarasd sted
MOCVD. Vacuum,2003 ,69 :473

[7] shi wS,Agyeman O,Xu C N. Enhancement of thelight emis-
sonsfrom zinc oxide films by controlling the post-treat ment
ambient.J Appl Phys,1996,91(9) :5640

[ 8] Bylander E G. Surface effectson the low-energy cathodol umi-
nescence of zinc oxide.J Appl Phys,1978 ,49:1188

[ 9] LinBixia, Fu Zhuxi, Jia Yunbo, et a. The ultraviolet and
green luminescence centersin undoped zinc oxide films. Acta
Physica Snica,2001 ,50(11) :2208(in Chinese) [ ,

) v ZnO



3 : Zn0O 501

,2001 ,50(11) :2208] growth temperature on properties of sngle crystaline ZnO
[10] Vanheusden K,Warren W L ,Seager C H ,et a. Mechamisms films prepared by atmospheric MOCVD. Chinese Journa of
behind green photol uminescence in ZnO phosphor powders. Semiconductors,2004 ,25(12) :1628 (in Chinese) [ ,
Appl Phys Lett ,1996 ,68:403 , .. MOCVD ZnO
[11] Choopun S, Vispute RD, Noch W, et al. Oxygenpressure- . ,2004 ,25(12) :1628]
tuned epitaxy and optoelectronic properties of laser-deposted [15] Fu Zhuxi ,Lin Bixia,Zu Jie. Photoluminescence and structure
ZnO films on sapphire. Appl Phys Lett ,1999,75(25) :3947 of ZnO films deposted on S substrates by meta-organic
[12] Shi W S,Agyeman O,Xu C N. Enhancement of the light e chemical vapor depostion. Thin Solid Films,2002 ,402 :302
missonsfrom zinc oxide films by controlling the post-treat- [16] Kobayashi A ,Fujioka H,OhtaJ et al. Room temperature lay-
ment ambient.J Appl Phys,2002,91(9) :5640 er by layer growth of GaN on atomically flat ZnO.JpnJ Appl
[13] Bang K H,Hwanga D K,Jeonga M C,et a. Comparative Phys,2004 ,43:L53
studies on structural and optica properties of ZnO films [17] HeyingB ,Wu X H,Keler S,et a. Role of threading didoca
grown on cplane sapphire and GaAs(001) by MOCVD.J tion structureon the X-ray diffraction peak widthsin epitaxial
Cryst Growth,2002,243:151 GaN films. Appl Phys Lett 1996 ,68(5) :643

[14] Xiong Chuanbing, Fang Wenging, Pu Yong,et a. Bfect of

Influence of Annealing Temperature on Sructural and
Optical Properties of ZnO Thin Films’

Wen Zhanhua, Wang Li, Fang Wenging, Pu Yong, Luo Xiaoping, Zheng Changda,
Dai Jiangnan, and Jiang Fengyi

( Education Ministry Engineering Research Center for L uminescence Materials and Devices,

Nanchang University, Nanchang 330047, China)

Abgtract : Undoped ZnO single crystal films are deposited on cplane sapphire substrates by atmosphere metal-organic chemical
vapor deposition. Thermal annealing of ZnO thinfilmsiscarried out inair from 710 to 860 ,and the effect of annealing on the
structural and optical propertiesof ZnO filmsis characterized by DCXRD and PL spectra. The results show thefull width at half
maximum(FWHM) of ZnO(002) w-rocking curve first decreases with annealing temperature up to 770 and then keep un-
changed as annealing temperature further increasing. While the FWHM of (102) w-rocking curve decreases with annealing tem-
perature up to 860 . It isfound by the X-ray w8 scan that the new phase ZnO: occurs at annealing temperature of 770
Roonrtemperature photoluminescence spectra reveal that the band-edge emisson becomes weaker and disappears at 860 ;
Meanwhile ,the deep-level emisson gets stronger with the annealing temperature increasng. The ZnO. phase and green band
vanish in thew-® curve and the PL spectra respectively ,as the surface layer of annealed ZnO is etched by ICP ,which indicates
ZnO: phase and the defects related to the green band emisson only exist in the surface layer of ZnO films.
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