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Abstract: The growth of high quality ZnO films is highly desirable due to the promising applications of ZnO in opto-
electronics. In this paper, ZnO films were grown on the MgO(111) substrates via the growth technique of molecular-
beam epitaxy and their structural and optoelectronic properties were characterized. In particular, the influence of growth
condition on the film qualify was investigated. The results show that, inducing a low temperature ZnO buffer layer be-
fore the high temperature growth of ZnO films will help to improve the film quality. /n situ reflection high-energy elec-
tron diffraction (RHEED) and ex sifu X-ray Diffraction (XRD) measurements indicate that the ZnO film and the MgO
substrate follow the epitaxial relationship: ZnO[1-210]//MgO[1-10] and ZnO[1-100]//MgO[11-2]. Transmission Spectra
show the characteristic optical bandgap of ZnO.
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Figure 1. Evolution of RHEED patterns during the ZnO film
growth on MgO(111): (a) MgO(111) surface after oxygen plasma
treatment; (b) ZnO buffer layer at 380°C for 10 mins; (c) After the
annealing of the buffer layer at 525°C for 45 mins; (d) After the
growth of thick ZnO films at 550°C for 60 mins. The two dashed
boxes corresponded to the two reciprocal lattices (al*, cl*) and (az*,
¢,") in (c), respectively
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Figure 2. XRD results: (a) 0-20 scans of the MgO substrate and the
ZnO films grown at different conditions; (b) ® scans of the ZnO
thin films {10~11} with low temperature buffer layer and MgO
{111} reflections; (c) The epitaxy relationship between cubic
MgO(111) and hexagonal ZnO(0001)
2.XRD &8: (a) MgO WIEMTFE &K TEKN Zn0 HHEH
0-20 1FEE; (b) SIANKEBREHRER ZnO FHEER { 10-11} F1 MgO
#EE {111} F751H9 XRD © LR (o) 35 MgO(IIDRE
FSMERA RN ZnO FHEBRXFR

Table 1. The Gauss fitting FWHM and screw density of ZnO thin
films

= 1. FEIRET ZnO MENEHME S SRMIRMIERE

Ff & KR/ C ETES MR (fem?)
1 200 0.1054 139 x 10
2 300 0.1021 1.30 x 10°
3 350 0.0633 5.0%107
2 550 + buffer 0.055 3.77 x 10
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Figure 3. Surface morphologies of ZnO films grown on different
temperatures observed by AFM: (a) 200°C (b) 300°C (c) 350°C (d)
550°C (with buffer layer). The three-dimensional view of (d) is
shown in (e)

B 3. EFREIRE TEKMN Zn0 HRREHEE: (2)200C (b)
300°C () 350°C (d) S50°CGINEHR), Ed(a)EN=4SREM
(Bl:3ian

Copyright © 2013 Hanspub

HH R — 4 R AR KA, 5 RHEED 45 R — 0.

42 5 NG EFAE R T AE K 1) ZnO R
FEIRIFE G o OB AT BROKLIAE 380 nm (3.26 eV) b/
i, ARERITERI A AR W s A s,
7 SRR () 2 BN 12.96 nm,  SEANE IR IE AT 5
ZnO MR, 40 meV HIZLH, XIRATAER H
TG KA ) A R EC AN RS 51 L 5 1 R D08
IrIIE S 255 90% LA L.

3. &g

FAAE B MgO(111)4¢ € _E I MBE £ KAl 4% 1
ZnO ERE S . BT MgO(D)HE K IENLE S
ZnO(0001) I /N MVLHED, ZnO HARYSE C BB E
A . XRD [#10-20F1 @ $#35% B ZnO RNEEN
PRI Z5 4L ;s XRD A7 5 0 (1 F- i B2 R B 4 v AR Kl
G| NG 2 Re A B R AL B B, 2 W)
f PR L. RHEED 45 %W ZnO #RE 1 /ME R R 2
ZnO[1-210]/MgO[1-10]F1 ZnO[1-100]//MgO[11-2]. &
TRESHE R ZnO (B A SR AT 58 A AR
Z A R R, TR F A S R R A K ZnO
RS, s gl N MgO(11D)2EM 2, 5 KR ZnO
ZME, MK B D ZnO MR . R0
AFM 45 FLR Wy — 4k BpiR AR Kot A 36 TR
FRHEDRE P o DRI T U] S B ZnO (RS ) A AE — 4k K
B DR E R e, R IRAT R B L E

\\\\\

ARG EF BARFRES T 11204253),

550deg buffer

Band-edge
Absorption 380nm

Transimittance

350 460 450 560 550
Wavelength (nm)

Figure 4. Room temperature transimittance spectra of ZnO thin
film showing a strong band-edge transition at the peak position of
380 nm (3.26 eV)
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