The Korean Journal of Ceramucs, 3 {4] 249-252 (1997)

Preparation of Highly Oriented ZnO Thin Films Prepared
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Highly oriented Zn0O thin films were fabricated by dip-coaling technique using zinc acetate - 2-methoxyethanol - 2-
aminoethanol solution as starting materials, and effects of substrates on the film's orientation were investigaled.
Product films were obtained by prefiring at 300, 400, 500 and 550°C for 10 min, followed by final heat-treatment at
the same temperatures as prefiring for 1 h. The c-axig oriented films on glass substrates were prepared hy heat-
treatment of prefiring films at 300-550°C, while films on alumina showed polycrystalline structure. Films with c-
axs orientalion exhibited lower specific resistivities than those of polycerystalline films with partial crack and pore.
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I. Introduction

nQ) is TI-IV group compound semiconductor, having

the wurtzite structure and cheap, abundant and
stable materials. Because of their semiconducting, op-
toelectric, pyroelectric and transparent properties, it is
used as varistor, transducer, sensor, infrared reflection
films and transparent electrode ete,”” and in particular
those with preferential orientation along the c-axis have
been demonstrated to work as surface acoustic wave
{SAW) devices.”

In recent years, a number of physical and chemical
methods, which include rf sputtering,” chemical vapor de-
position (CVD)'"™ and sol-gel method" have been em-
ploved to fabricate highly oriented ZnO thin films. Chem-
ieal golution process such as sol-gel method is a promis-
ing technique because of its low processing cost, ease of
thickness control and large and complicated surface ap-
plieation. It is difficult, however, to obtain highly orient-
ed films along the c-axis, although there have been sev-
eral papers on the preparation of preferred oriented ZnO
thin films by sol-gel method. ™™

In present work, we report the effect of the substrates
on the orientation, specific resistivity and surface mor-
phology of the produet films.

II. Experimental procedure

A homogeneous coating solution was prepared by mix-
ing of zinc acetate [(CH,CO0Zn - 2H,0] and 2-methox-
yvethanol (HOCH,CH,OCH,). Since zinc acetate has a low
golubility in 2-methoxyethanol, 2-aminoethanel (FLHCH,
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CH.OH} (MEA) was added to obtain clear solution
{concentration: 0.6 mol zinc acetate/l 2-methoxyethanol)
The molar ratio of MEA to zine acetate was fixed at 1.0.
The mixing solution was stirred for 2 h to obtain a homo-
geneous selution,

Gel films were prepared by dip-coating technique on
successively cleaned slide glass and alumina plate at
room temperature (withdrawal speed: 10 cm/min). The
as-deposited films were immediately preheated at 300,
400, 500 and 550°C for 10 min, respectively, by directly
inserting the samples into a preheated furnace. The dip-
coating and preheating were repesated 15 times to adjust
the thickness of the precursor films. After the final coat-
ing, precursor films were heat-treated at the same tem-
peratures as prefiring for 1 h.

The thickness of ZnO films was about 1.2 pm con-
firmed by observation of the cross section of the frac-
tured films with a scanning electron microscope (SEM;
JEOL, JSM-5400). Crystallinity of the final films were
analyzed by X-ray diffraction (XRD) 6-20 scans using
CuKc radiation. Specific resistivity of the films was
measured by four probe method using silver paste as the
upper electrode.

TI1. Results and Discussion

Fig. 1 shows XRD 8-28 scang of ZnO thin films on slide
glass heat-treated at various temperature. The (002)
oriented ZnQ thin films were obtained by final heat-
treatment at 300°C and higher and the reflections of oth-
er phases were not recognized in these ZnO films, which
means the films are highly oriented. Films heat-treated
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Fig. 1. XBRD 8-20 scans of Zn0O films on slide glass sub-
strates heat-treated at various temperature.

at the higher temperature gave the stronger Zn0 peaks.

Recently, a variety of slightly c-axis oriented Zn0Q films
have been prepared by the sol-gel method using zine ace-
tate and iso-propanol as the starting materials. ™" It is
difficult, however, to obtain preferred orientation of the
films because other mis-oriented peaks such as (101) or
(100) were easily recognized. On the contrary, in the
present work, films strongly oriented along the c-axis
can be prepared from 2-methoxyethancl and MEA as a
solvent and an additive, respectively These can be ex-
plained by structural relaxation of the films as a fune-
tion of vaporization rate of the solvents. Since the boil-
ing points of 2-methoxyethanol and MEA are 125" and
170°C, respectively, the structural relaxation of the
present film, which is induced by the lower vaporization
rate of the solvent, resulting in dense precursor films
and preferred crystal orientation On the other hand, in
the case of water and iso-propancl with lower heiling
points, unidirectional crystal growth may be suppressed
by abrupt vaporization of the solvents during preheating,
resulting in the lower orientation.'

Nextly, in order to investigate the effect of substrate
structure on crystal growth, we prepared ZnQ films on
polycrystalline alumina substrates. Fig. 2 shows XRD 6-
26 scans of Zn0O films on alumina substrates heat-treat-
ment at various temperature. As clearly seen, evidence
of mis-oriented peaks such as (101) and (100} was ob-
served, while preferential orientation along the c-axis
was observed for Zn0 films on non-crystalline slide glass
substrates. Ohyama et al.'”” reported that, in thinner film
(<100 nm), the glass substrate probably disturbs the
oriented crystal growth because of the random atomic ar-
rangement of the substrate. On the other hand, the
oriented grain growth in thicker film (multi-layered film)
may easily occur because of the presence of shightly
oriented grains in bottom layer. Thus, c-axis orientation
of the present filmg on glass substrate may be attributed
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Fig. 2. XRD 8-26 scans of Zn0 films on alumina substrates
heat-treated at various temperature.

to film thickness.

Conclusively speaking, there are three possible effects
on preferred orientation in present films on glass sub-
strates. Firstly, Zn0O oriented grain growth take place in-
herently, secondly, the lower vaporization rate of the sol-
vent caues dense precursor films and preferred orien-
tation. Finally, the film thickness may be sufficient to oc-
eur highly orientation. In the case of films on alumina
substrates, on the otherhand, it is difficult to obtain
oriented films. We assumed that polyerystalline sub-
strate causes mis-oriented phases in Zn0 films.

Further, tn investigate the electrical property of these
films, specific resistivity in the room temperature was
measured. As seen in Fig. 3, in the case of preferred
oriented films on slide glass substrate, the specific resis-
tivity exists lower than that of polycrystalline films on
alumina substrate.

To elucidate the effect of the surface morphology of the
films on the specific resistivity, SEM ohservation was
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Fig. 3. Resistivity of ZnQ films as a function of varions
heat-treatment temperature
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performed for each of the substrates, and some diff-
erences were recognized among these films. Fig. 4 shows
SEM photographs of the free surfaces for films on glass
substrate (a) and alumina substrate (b) and the frac-
tured ecross section for films on glass substrate (c). When
comparing these two films, an apparent large pore and
micro-cracks were clearly recognized in films on alumina
substrate as shown in Fig. 4 (b). This may be attributed
to an effect of porous surface structure of alumina sub-
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Fig. 4. SEM photographs of the free surfaces of films heat-
ed at 500°C on slide glass (a) and alumina (b} and fractured
cross section of films on slide glass (c).
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strates, resulting in higher specific resistivity than that
of films on glass substrates. Fractured surface of films
was uniform and dense along the crogs section direction
(film thickness =1.2 pm), in Fig. 4 (¢}. It should be em-
phasized that highly oriented films on amorphous sub-
strates were successfully prepared by the simple and low-
cost preparation procedure such as chemical solution pro-
cess.

Further investigation is in progress to investigate the
effects of substrates such as metal and lattice-matched
crystal, to obtain highly oriented ZnO films with very
smooth surface.

IV. Conclusion

Highly oriented ZnQ thin films were fabricated by dip-
coating technique using zinc acetate - 2-methoxyethanaol -
MEA solution as starting materials, and effects of sub-
strates on the film's orientation were investigated. Pro-
duct films were obtained by prefiring at 300, 400, 500
and 550°C for 10 min, followed by final heat-treatment
at the same temperatures as prefiring for 1 h. The c-axis
ariented films on glass substrates were prepared by heat-
treatment of prefiring films at 300-550°C, while films on
alumina showed polycrystalline structure. Films with c-
axis ortentation exhibited lower specific resistivities than
those of polyerystalline films with partial erack and pore.
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