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Growth and Photoluminescence of ZnO and Zn;,Mg,O Nanorods by
High-pressure Pusled Laser Deposition
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(1. School of Physics and Technology, University of Jinan, Jinan 250022, China; 2. School of Material Science and Engineering,
University of Jinan, Jinan 250022, China)

Abstract: The influence of the experimental parameters such as temperature, target, and thickness of catalyst layer on
the growth of nanorods were systemically studied by a newly designed and home-built high-pressure pulsed laser
deposition Zn, ,Mg,O (PLD). The growth mechanism and photoluminescence properties of ZnO and Zn, ,Mg,O nano-
rods were also investigated. It was found that c-orientated ZnO nanorod arrays grown on silicon substrate were ob-
tained when the growth temperature was 925°C and the thickness of gold catalyst layer was 2 nm. It was also proved
that growth temperature and catalyst layer thickness were both crucial for the diameter and growth density of ZnO
nanorods. A combination of vapor-liquid-solid (VLS) and vapor-solid (VS) mechanism was proposed to describe the
growth of ZnO nanorods by high-pressure PLD. Zn; ,Mg,O nanorods and nanobelts with random orientation were
grown by doping the ZnO target with MgO. The bandgap of ZnO was effectively expanded together with de-
fect-related levels formation in the forbidden gap, which also induced enhancement of visible peak emission.
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Fig. 1 Scheme of high-pressure PLD growth system
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Fig. 2 SEM images of ZnO nanorods grown on Si substrate at
different temperatures

(thickness of Au thin films is 2 nm (a) 850°C; (b) 900°C; (c) 925C;
(d) 950°C)
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Fig. 4 SEM images of ZnO nanorods grown on Si substrate
with different thicknesses of Au thin films at 910°C

(a) Without-catalyst; (b) 2 nm; (c¢) 3.5 nm; (d) 5 nm
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Fig. 5 Schematic growth process of ZnO nanorods with Au
catalyst by high-pressure PLD

(a) Au-Zn alloy particles formed by zinc atoms dissolved in gold drop-
lets at high temperature; (b) The Au-Zn alloy is supersaturation due to
absorption of ZnO precursor, and the quasi-hexagonal islands are formed
with the precipitation of ZnO; (c) After transferring to the top of ZnO
basement, the ZnO precursor is collected and grows into nanorod by
screening effect; (d) ZnO nanorods grow quickly along (002) orienta-
tion, and the down of basement slowly growth into thin film
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Fig. 6 SEM images and EDX analyses of Zn; ,Mg,O nanostructures
with increasing Mg contents

(a) ZngosMgp0sO nanorods; (b) ZngoMgo ;0 nanobelts; (c) and (d) are
EDX spectra corresponding to (a) and (b)
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ordinate is not successive
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