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Effects of ZnO Buffer Layer Thickness on the Crystallinity
and Photoluminescence Properties of Rf Magnetron
Sputter-deposited ZnO Thin Films
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Abstract Highly c-axis oriented ZnO thin filims were grown on Si(100)substrates with Zn buffer layers. Effects
of the Zn buffer layer thickness on the structural and optical qualities of ZnO thin films were investigated using
Xray diffraction (XRD), photoluminescence (PL) and Atomic force microscopy (AFM) analysis techniques. Tt
was confirmed that the quality of a ZnO thin film deposited by rf magnetron sputtering was substantially
improved by using a Zn huffer layer. The highest ZnO film quality was obtained with a Zn buffer layer 110 nm
thick. The surface roughness of the ZnO thin film increases as the Zn buffer layer thickness increases.
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Fig. 1. X-ray diffraction spectra of as- deposited and annealed
ZnO thin films grown on Si substrates with buffer layers of
different thicknesses. (a) as-deposited, without a Zn buffer
layer, (b) annealed, without a Zn buffer layer, (c) as-deposited,
with a Zn buffer layer 90nm thick, (d) annealed, with a Zn
buffer layer 90 nm thick, (e) as-deposited, with a Zn buffer
layer 110 nm thick, (f) annealed, with a Zn buffer layer
110 nm thick, (g) as-deposited, with a Zn buffer layer 130 nm
thick and (h) annealed, with a Zn buffer layer 130 nm thick
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Table 1. The FWHMs of the (002) diffraction peaks for ZnO
thin films grown with Zn buffer layers of different thicknesses
on Si (100) substrates

Zn buffer layer  As- deposited

Sample thickness (nm) or annealed FWHM

A 0 As-dep. 0.30

B 0 Annealed 0.25

C 90 As-dep. 0.36

D 90 Annealed 0.25

E 110 As-dep. 0.27

F 110 Annealed 0.24

G 130 As-dep. 0.36

H 130 Annealed 0.31
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Fig. 3. Dependence of the RMS surface roughness of the ZnO
thin film on the Zn buffer layer thickness.
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Fig. 2. AFM images of annealed ZnO/Zn/Si (100) samples with Zn buffer layers. (a) 0 nm, (b) 90 nm, (c¢) 110 nm and (d) 130 nm

thick.
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Fig. 4. PL spectra for ZnO thin films with and without a Zn
buffer layer.
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