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Electrochemical deposition method has some advantages over the conventional methods
such as large area deposition at low temperature. ZnO thin films were prepared by this
method with various electrolytic current in a range of 4.5 - 122 pA/cm’ to evaluate the
relation of growth rate to the surface morphology. All samples showed 0002 preferred
orientation tendencies. Furthermore, it was confirmed that the shape and size of grains
depends heavily on the electrolytic current. The ZnO films deposited with electrolytic
current of 22 - 71 um/cm’ had especially large hexagonal grains with sharp liner edges

and flat planes.
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1. INTRODUCTION

ZnO is a II-VI semiconductor with wide band gap of
3.3 eV [1] and large exiciton binding energy of 60 meV
[2]. ZnO has spontaneous n-type conduction because of
O vacancies [3] and/or Zn interstitials [4]. ZnO thin film
is expected to apply transparent conductive film [5]. Low
resistivity was achieved by doping Al [6, 7], Ga [8] and
In [9]. In addition, there are several expected applications
of ZnO such as light-emitting diode (LED) [10] and gas
sensor [11]. There are many deposition methods for
preparation of ZnO thin films, such as rf magnetron
sputtering [12], molecular beam epitaxy (MBE) [13],
pulse laser deposition (PLD) [14], chemical vapor
deposition (CVD) [15], spray pyrolysis [16], and sol-gel
method [17]. However, some of their equipments are very
expensive. Other means need expensive and/or toxic raw
materials. The deposition temperature and area of MBE,
PLD and CVD are fairly limited, though epitaxial films
can be prepared.

The electrochemical deposition (ECD) method [18, 19]
has some advantages, for example enormously
in-expensive and simple equipment, low operation cost,
high efficiency in the use of element, large deposition
area and low deposition temperature below 100 °C.
However, ECD method is not used, by ordinary, for
practical preparation of advanced functional thin films
such as semiconductors, so far. The most serious issue of
ECD method is lack of fine controllability of crystal
growth in comparison to the others such as MBE, PLD
and CVD.

In this paper, we focused on the surface morphology,
especially the shape and size of grains, of ZnO thin films
prepared by ECD method. The shape and size of grains
affect light scattering. Therefore, it is very important to
apply transparent electrodes of solar cells and others.
Furthermore, control of them is a very important issue to
reduce defects in the film and to improve the electrical
transport properties which are essential for preparation of
advanced ZnO devices such as LED. There are several
factors effective to the surface morphology, such as
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pressure and kind of atmosphere in vapor phase growth,
degree of super-saturation in liquid phase growth and
deposition temperature in general. Among them, it is
expected that deposition rate of the film is one of the
most effective factor to the surface morphology. In case
of ECD, the deposition rate is directly related to the
number of electrons supplied per unit time per unit area,
i.e., the cathodic electrolytic current density, L, because
the reactions for production of ZnO at the surface is
limited by the supply of electrons [20].

In general, ECD is carried out under constant potential
(C.P.) condition to maintain the potential in the optimum
range for depositions [18]). However, the electrolytic
current under C.P. condition, ie., the deposition rate
wildly fluctuates during a deposition. Therefore, constant
current (C.C.) method is employed in this study. The
shape and size of grains of films prepared by ECD
method with C.C. were investigated. Furthermore,
relations between I, and the surface morphology was
evaluated and discussed.

2. EXPERIMENTAL

Fig. 1 shows the schematic view of the equipment for
preparation of ZnO thin films. The electrolyte was an
aqueous solution of Zn(NOj3), [18] with concentration of
0.1 M [18]. Temperature of the electrolyte was fixed at
60 °C during a deposition. Working electrode was a
polycrystalline Au film on glass substrate prepared by
DC sputtering. The thickness and area of the Au is about
100 nm and 1 cm? respectively. 99.5 % Zn plate was
used as a counter electrode. A reference electrode was an
Ag/AgCl in saturated KCl. The I. for a deposition was
fixed at a value in range of 4.5 - 122 pA/cm’. Total
amount of charge supplied to the substrate was 2
Coulomb. After a deposition, the ZnO films were rinsed
by water and blown with N, gas.

The #-20X-ray diffraction (XRD) measurement was
performed with CuKa radiation operated at 30 kV and 30
mA. The surface and cross section of the films were
observed by scanning electron microscopy (SEM) to
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Fig. 1. A schematic view of the equipment for
the electrochemical deposition method.

evaluate the shape and size of grains and to estimate the
film thickness.

3. RESULTS AND DISCUSSION

Fig. 2 shows the deposition rate versus I.. The
deposition rates at 4.5 and 122 pA/em’ are about 0.35
and 5.28 nmy/min. The deposition rate increases almost
linearly with increasing I.. Therefore, it is presumed that
the deposition rate is changed in accord with I, i.e., the
deposition rate is able to be changed by controlling I.. It
is confirmed that the cathodic potential during a
deposition with constant I, of 4.5 - 122 pA/em’® was
almost in the optimum range for ZnQO deposition [18].

The XRD patterns from the films deposited with
various I, are shown in Fig. 3. All diffraction peaks from
all samples are confirmed as that corresponding to ZnO
and Au. In some patterns, the intensity of 0002
diffraction peak is larger than any others, though the
intensity of 0002 diffraction peak from ZnO powder is
not the largest according to the JCPDS card #36-1451. To
evaluate the 0002 preferred orientation tendencies, we
use a parameter Ry, defined as follows. According to
the JCPDS card, the diffractions with three largest
intensities are 10-10, 0002 and 10-11. Ry, is defined as
the ratio of the 0002 diffraction peak intensity, Iggg, to
the sum of that of the three largest diffractions, i.e., I, /
(1010 + Tgooz + Liga1)- L. dependence of the preferred
orientation tendency parameter Ry, is shown in Fig. 4.
All Ryggy are larger than the value of random orientation
derived from the JCPDS card, which means that the films
show 0002 preferred orientation tendencies. Furthermore,
the degree of 0002 orientation depends on I.. Ry
increases up to 0.71 with increasing I, to 42 uA/cm’, and
decreases.

The SEM images of the films are shown in Fig. 5.
Magnification ratios -of all images are unified. As is
evident from the images, both shape and 'size of grains
are changed drastically by I.. Large grains were observed
in the films prepared with I, of 4.5 - 11 pA/cm? as shown
in Fig. 5 (a) - (¢). Though the diameters of the grains are
up to 10 pm and more; they consist of very small
sub-grains. Some of the - grains show hexagonal-like
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Fig. 2. Dependence of deposition rate on L.
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Fig. 3. 6260 scan XRD patterns from ZnO
films prepared with I, of (a); 4.5, (b); 9.9,
(©); 11, (d); 22, (e); 42, (D); 71, (2); 91 and
(h); 122 pA/em?®. The filled circles indicate
diffractions from Au as substrate.

shape with rounded corners. By increasing L, the shape
of grains changes to hexagonal with sharp liner edges and
flat planes. The average size of grains are less than 10 pm
and decreasing with increasing I., as shown in Fig. 5 (d) -
(f). The grain size is drastically reduced by increasing I,
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Fig. 4. Electrolytic current density dependence
of the preferred orientation tendency parameter,

up to 91 pA/em?® and more. The average grain size shown
in Fig. 5 (g) and (h) is less than 1 pm. Though, they have
sharp edges and flat planes.
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4. CONCLUSION

ZnO thin films were prepared by the ECD method with
various I, The degree of 0002 preferred orientation
depends on I, Both size and shape of grains strongly
depends on I.. The grain size is as large as several pm at
I, of 22 - 71 pA/em® These results suggest the possibility
for control the surface morphologies of ZnO thin films
prepared by the ECD method and for novel application of
ECD.

ACKNOWLEDGEMENTS

The authors would like to thank Takeshi Oshio and
Keiichiro Masuko for their technical support. This
research was partially supported by the Ministry of
Education, Science, Sports and Culture, Grant-in-Aid for
Scientific Research (C), #18550181, and by a research
grant from the Mazda Foundation. -

REFERENCES

[17 C. Kligshirn, Phys. Status Solidi B, 71, 547 (1975).
[2] D.M. Bagnall, Y.F. Chen, Z. Zhu, T. Yao, S. Koyama,
M.Y. Shen, and T. Goto, Appl. Phys. Lett., 70,
2230-2232 (1997).

[3] D.C. Look, J.W. Hemsky and I.R. Sizelove, Phys.
Rev. Lett., 82, 2552-2555 (1999).

Fig. 5. SEM images of ZnO films prepared with I, of (a); 4.5, (b); 9.9, (¢); 11, (d); 22, (e); 42, (f); 71,
(2); 91 and (h); 122 pA/em?. Magnification ratios of all images are unified.



1304

ZnQ Thin Films Prepared by the Electrochemical Method with Various Electrolytic Curvent

[4] K. Vanheusden, C. H. Seager, W.L. Warren, D.R.
Tallant and J.A. Voigt, Appl. Phys. Lett., 68, 403-405
(1996).

[5] H. Agura, A. Suzuki, T. Matsushita, T. Aoki and M.
Okuda, Thin Solid Films, 445, 263-267 (2003).

[6] Z.L. Pei, C. Sun, M.H. Tan, J.Q. Xiao, D.H. Guan,
R.F. Huang and L.S. Wen, J. Appl. Phys., 90, 3432-3436
(2001).

[711.G. Lu, Z.Z. Ye, Y.J. Zeng, L.P. Zhu, L. Wang, J.
Yuan, B. H. Zhao and Q. L. Liang, J. Appl. Phys., 100,
073714 (2006).

[8] B.H. Choi, H.B. ImJ. S. Song and K.H. Yoon, Thin
Solid Films, 193-194, 712-720 (1990). '

(9] KJ. Kim and Y.R. Park, Appl. Phys. Lett., 78,
475-477 (2001).

[10] A. Tsukazaki, A. Ohtomo, T. Onuma, M. Ohtani, T.
Makino, M. Sumiya, K. Ohtani, Sigefusa F. Chichibu, S.
Fuke, Y. Segawa, H. Ohno, H. Koinuma and M.
Kawasaki, Nature Materials, 4, 42-46 (2005).

[11] H. Nanto, T. Minami and S. Takata, J. Appl. Phys.,
60, 482-484 (1986).

[12] H. Nanto, T. Minami, S. Shooji and S. Takata, J.
Appl. Phys., 55, 1029-1034 (1984).

[13] ZK. Tang, G.K.L. Wong, P. Yu, M. Kawasaki, A.
Ohtomo, H. Koinuma and Y. Segawa, Appl. Phys. Lett.,
72, 3270-3272 (1998).

[14] X.L. Guo, H. Tabata and T .Kawai, J. Crystal Growth,
223, 135-139 (2001).

[15] T. Moriyama and S. Fujita, Jpn. J. Appl. Phys., 44,
7919-7921 (2005).

[16] S.A. Nasser, H.H. Afify, S.A. Fl-Hakim and M.K.
Zayed, Thin Solid Films, 315, 327-335 (1998).

[17] A.E. Jiménez-Gonzélez, Jose A. Soto Urueta and R.
Suarez-Parra, J. Crystal Growth, 192, 430-438 (1998).
[18] M.Izaki and T.Omi, Appl. Phys. Lett., 68,
2439-2440 (1996).

[19] S. Peulon and D.Lincot, Adv. Mater., 8, 166-170
(1996).

[20] M. Izaki and T. Omi, J. Electrochem. Soc., 143,
L53-L.55 (1996).

(Recieved December 8, 2007 ; Accepted July 15, 2008)



