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Effect of annealing on optical properties of ZnO thin films

WEI Xian-Qi, WANG Yong-Jie, ZHANG Zhong
(School of Physics, University of Jinan,Jinan 250022, China)

Abstract: Zinc oxide thin films fabricated on si (111) and sapphire substrates by pulsed laser deposition (PLD) were an-
nealed at different temperatures and in different ambient, respectively. The effects of annealing temperature and annealing
ambient on structural and optical properties of ZnO thin films have been characterized by X-ray diffraction (XRD) and pho-
toluminescence (PL) spectra. The experimental results show that with the increase of annealing temperature the compres-
sive stress of ZnO thin films is decreased and shifted towards strain stress. PL spectra of ZnO thin films annealed at differ-
ent temperature indicate that the UV emission is increasing with increasing annealing temperature, and the visible emission

is decreasing. The results annealed at various conditions show that the thin film annealed on sapphire substrate at 700°C in

oxygen ambient possesses a small strain stress and the highest ratio of UV emission to visible emission.

Key words: PLD; ZnO thin film; stress; crystal structure; photoluminesence spectra

PACS: 81.05. -t, 68.55. Jk, 42.70. -a

515

Zn0 J& — Ff E A M S B (7R = T oA
3.37eV) 2GR BORE, 70 % I T B 3T R 45 e
60meV. 75452 HL 7~ FIAE YOG = A5 15 7 T AT ) 2 1Y
ISE T, A 7 il AR A RE RO T T AT AR R B 1
B R UAR E Y AMIF S O G S T
AE R e 1 , B 2o 22 o i o | I ol o v JE 1Y
ZnO WM. AR 2Rl R TR R AR R 26
A PO TR LAERE IR, i A, B
BRI YA IS 45 e T 0 SR AR R AR
1117, 7R A AR TR] R A b ks AR L, v Y

I #s B #A:2010 - 09 - 04, f&[E HHA:2010 - 10 - 27

AL, AN AR A 2% 1 2 S5 B0 1D B4 s 4
T3 R R R e T A T i AR A R ) 254 B
R BATLURT I T AR, REEMOEIE T4 Kl
JE HOCRERE U S5 IR ) 25 4 A A e 1 B2
U, B8 5 14 700 JEE BB ) 0 AL AR R S
PE— AR R AE AL BRI, A, $8 e R i
A Z A ER T-BL AWEFEN BN ZnO WA 1 )
AT TRSE Y A0 BRI 5 W e i O
FAEAR IO FRoA T 1 A IR K, R GE A
FE TR IR A RIIE KA X IR ES F B A
KR

Received date: 2010 - 09 - 04, revised date: 2010 - 10 - 27

EEWA (1R ARRHARES I (Y2008A21) 5 3 jg K LA G 00 H (XBS0833 ) 5 L AR 4 BH 35T H (2009GG20003028 )
EBER T BLRAR (1964 ) 55 INARERIRA , B2, T, SR ADRHED A 4RI 5T, E-mail: xqwei666@ sohu. com.



34 LA B JOW ] PLD 34 % ZnO K A6 R 225

1 5

ARBIFFEIR IR 7 LARGT B TAE b i) 28 1 /Y
ZnO ST BB it 3 1o R O (K R
1064nm, #5513 10 #f 2% , I (8] S 10 975/ Jik )
TURBORAE 400°CHRE N E 5 A F1 Si(111) K F
il 25 1Y ZnO . 1R KR EE Sy 400 ~ 800°C , 1R K 4R
Bl o s AR BB KAETUR % hitt
A7, FA B, 107 Pa. 7E B b (515 14513
1 -2/7QWZ) 73 i) AT 8RR KA B, /AR
SRS H 800cm’ /43, BT AT (3R B[] Sy 20 43
B RE A S5 AL R 1 Rikagu D/max-rB A X S
AATEHAL, P 0. 15418 nm Y] Koo 5 2 48 5
RRAE. J6# kO (PL) 1% Edinburgh 73 #7 4%,
FO00 #Y 5 Sh-n] WL OG i AL kA7 1 &, 3 HE A
0. Inm. ¥ &GIE N Xe &1, &% K~ 280nm.

2 ERMITIL

2.1 SiEZnO EHERSHEBRA

BB TAE Si(1D) &S il 4 59 ZnO 3
AR U M 400°C £ 800 °C 3R KA ) XRD i
FEMMEESEER T st WXRD B, 4
3B KR B B0 ¢ IR, ELRG R R
R PE = Y o I B hr. AR LB A
1B R B 4R TR Y XRD (002 ) i B2 b 25 1
2 A 5 (FWHM) 3 7 980/ . 35 1 B 38 1R ok
ZnO VI 25 i — 24 . 3 Ak, (002) B pn) g
A7 B A 1R KU BE B v vl v AR RE RS B, 2 WD R Y
AL SCE S =m0 e A (TS e S VA [ M N =

32549
k 800°C
T T T T T T T
. \ 700C
f=]
5
£ j\ 600C
<
= T T T T T T
J\ 500°C
T T T T T T T
| 34206
A 400C
T T T T T T T T T T
25 30 35 40 45 50

20/(°)

BT 7E N, b ORTRHEEE TR K ZnO SR XRD 3%
Fig. 1 XRD spectra of ZnO thin films annealed at different
temperature in IV, ambient
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Table 1 Structural parameters of ZnO thin films annealed
at different temperature

Annealing Intensity Stressor

temperature  2theta/°® Jath, un{ts FWHM/° d/a.u J10°Nm -2
/C
400 34.206 9831 0.733  2.6226 -3.59
500 34.303 14686 0.580 2.6137 -2.39
600 34.376 19440 0.435  2.6064 -0.76
700 34.485 14001 0.416  2.6005 0.26
800 34.549 18802 0.239  2.5961 1.03
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Fig.2 PL spectra of ZnO thin films annealed at different tem-

perature in N, ambient
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Fig.3 XRD spectra of ZnO thin films annealed at different

temperature in vacuum
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Table 2 Structural parameters of ZnO thin films annealed
at different temperature

Annealing

Intensity Stress
temperature  2theta/°® /anr:n:i:i}ts FWHM/° d/a.u /1():\7;10: N

/C ‘

400 34.040 10549 1.230  2.6316 -5.16
500 34.040 18809 1.230  2.6316 -5.16
600 34.100 18055 0.870 2.6271 -4.37
700 34.200 25817 0.690 2.6197 -3.08
800 34.300 29916 0.540 2.6112 -1.60
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Fig.4 PL spectra of ZnO thin films annealed at different tem-

perature in vacuum
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Fig. 5 XRD spectra of ZnO thin films annealed at different

temperature
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Table 3 Structural parameters of ZnO thin films annealed
at different temperature

Annealing Intensity Stresso
temperature  2theta/°® fienst } FWHM/° d/a.u 0 s
. /arb. units /10°Nm
/C
400 34.360 8887 0.540 2.6078 -1.01
500 34.400 19279 0.450 2.6049 -0.51
600 34.420 23989 0.420 2.6034 -0.24
700 34.440 16288 0.420  2.6020 0
800 34.440 15603 0.420  2.6020 0
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Fig.6 PL spectra of ZnO thin films annealed at different tem-
perature in O, ambient
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