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Fig.1 XRD patterns of ZnO films electrodeposited in elec-
trolytes with different Zn’* concentration. Zn’>* con-
centration (mol - L™"): (a) 0.05; (b) 0.02; (c)
0.01; (d) 0.005; NO; concentration: 0.20 mol -

Lfl; current density: 2.0 mA - cm 2.
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Fig.2 XRD patterns of ZnO films electrodeposited with dif-
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ferent current densities in 0.05 mol + L' Zn** elec-
trolyte. Current densities(mA - cm ™) : (a) 2.0;
(b) 1.0; (¢) 0.5.
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Fig.3 XRD patterns of (101 ) preferred orientated ZnO
films before (a) and after (b) annealing at 400 °C
for2 h
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Orientation-controlling Growth of Electrodeposited ZnO Films on Cathode

LIU Wen-jun, CAI Shao-min, XIE Hong-si, CAO Pei-jiang,
JIA Fang, ZHU De-liang, MA Xiao-cui, LU You-ming

(College of Materials Science and Engineering, Shenzhen University;

Shenzhen Key laboratory of Special Functional Materials, Shenzhen University, Shenzhen 518060, China)

Abstract; It is important to control the orientation of ZnO film because many properties of ZnO film vary with
its preferred orientation. Most of ZnO films ever reported are orientated towards c-axis. However, in the light-
emitting application, nonpolar or semipolar ZnO films grown not along with c-axis are much preferable because

the luminous efficiency of the c-axis orientated ZnO film is low due to the quantum confined Stark effect.
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Thus, the study of ZnO film grown along with other than c-axis is necessary. In this paper, ZnO films were
fabricated on 304 stainless steel substrates by the cathodic electrodeposition in Zn ( NO ), aqueous solution,
and the influences of Zn>* concentration and the current density on the preferred orientation of the ZnO film
were studied. X-ray diffraction results showed that as Zn>* concentration and the current density increases,

the preferred orientation of ZnO film changes from (002) to (101) gradually. When Zn>* concentration is

2+ -1

0.005 mol - L ™" and the current density is 2.0 mA - ¢cm >, or Zn>* concentration is 0.05 mol + L ™" and the
current density is 0.5 mA - em ™, the prepared ZnO films are (002) preferred orientation. When Zn** con-
centration is 0. 05 mol -+ L. ™" and the current density is 2.0 mA + ¢cm >, the prepared ZnO film is (101) pre-
ferred orientation. The phenomenon can be explained based on the two-dimensional nuclei theory. When Zn®*
concentration or the current density is low, the supersaturation of ZnO around substrate is also low and the nu-
cleation activation energy of two-dimensional (002) nuclei is lower than that of (101) nuclei, therefore ZnO
film is (002) preferred orientation. When Zn>* concentration and the current density is high, the supersatura-
tion of ZnO is also high and the nucleation activation energy of (002) nuclei is higher than that of (101) nu-
clei, therefore ZnO film is (101 ) preferred orientation. The results suggested that orientation-controllable
growth of the cathodically electrodeposited ZnO films can be achieved by adjusting Zn** concentration and the

current density.
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