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Effect of annealing temperature of substrate on the morphologies
and luminescence properties of ZnO nanostructures

CHEN Sujuan, ZHENG Wet-feng, LIN Suan-zhi, QU Yan., LAl Fa-chun*
(College of Physics and Energy, Fujian Normal University,Fuzhou 350007, China)

Abstract: ZnO nanostructures were successfully grown on Au/Al-doped ZnO (AZO) film/quartz sub-
strates by thermal evaporation of Zn powders. In order to investigate the effect of post-annealed sub-
strate on the growth of ZnO nanostructure, Au/AZQO/ quartz substrates were annealed at 300 °C, 500
°C ,and 700 °C in vacuum,respectively. The surface morphologies of substrates were observed by atomic
force microscopy (AFM). The microstructure, morphologies, and optical properties of ZnO nanostruc-
tures were studied by X-ray diffraction (XRD) ,scanning electron microscopy (SEM) ,transmission elec-
tron microscope (TEM) ,and fluorescence spectrophotometer, respectively. The results show that high-
density ZnO nanorods were grown on the as-deposited and annealed substrate at 300 “C , while nanoparti-
cles were observed on the substrates annealed at 500 “C and 700 “C. The average diameters of the nano-
rods with single-crystalline structure are about 50 nm and 80 nm. The grown mechanism of nanorods is
vapor-liquid-solid (VLS) mechanism. Room temperature photoluminescence (PL) spectra show that the
PL spectra of all samples have a UV emission peak and a broad deep-level emission peak. Moreover, as
the annealing temperature increases, the intensity of UV emission enhances and the intensity of deep-lev-
el emission declines.
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Tab.1 RMS and GS of surface particles of the Au/AZO films

Unit:nm
Temperature/ C As-deposited 300 500 700
GS 73.3 55.0 51.2 48.9
RMS 9.05 11.9 13.8 12.4

:(a)
Fig.2 AFM surface morphologies of the as-deposited Au/AZO films and those annealed at different temperatures:
(a) As-deposited; (b) 300 C ;(c) 500 C;(d) 700 C
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Fig. 3 XRD patterns of samples grown on
substrates with different annealing temperatures:
(a) As-deposited;(b) 300 C ;
(¢) 500 C;(d) 700 C
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Fig. 4 SEM images of ZnO nanostructures grown on substrates with different annealing temperatures:

(a) As-deposited;(b) 300 ‘C ;(c) 500 C;(d) 700 C
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