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Study on Crystallographic Properties of Li Doped ZnO Thin

Khine Khine Linn1,Than Than Win2, Yin Maung Maung3 and Ko Ko Kyaw Soe4

Abstract

Li-doped ZnO film is prepared on highly polished Si substrate. The process
temperature are range from 400oC to 6OO0C and maintained 1 hr for
homogenization. According to the experimental results, it is significant that
the growth chemistry is quite feasible and expected to be crystalline at
above-mentioned temperatures.
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Introduction

ZnO has the hexagonal structure (Wurtzite) with four-fold tetrahedral
coordination and lies in the border between ionic and covalent semiconductor
(II-Vl) with large direct bandgap (3.1-332eV), it is both suitable and important
for fabrication of a high-quality oriented or epitaxial thin film which shows
typical n-type piezoelectric semiconductor character [Takada S and Mohamed
GA et al 2001]. Recently, we found ferroelectric activity in Li-doped ZnO,
although no phase transition has been reported in pure ZnO at atmospheric
pressure. The large difference in ionic radii between host Zn(0.74A) and
doped Li( 0.60 A ) is important in the appearance of the ferroelectricity. The
nonstoichiometric ZnO films although have excellent electrical and optical
properties, but they are not chemically stable at high temperatures and this
makes them unusable for practical applications. However, doped films can be
made to have very stable electrical and optical properties [Chang J F 2001,
Minami T and Yamamoto T 2000].

However, sol-gel is a low cost, non-vacuum and low substrates
temperature deposition technique as compared to the other techniques. Since
zinc belongs to the group of elements, which form polymeric hydroxides, a
fundamental requirement for sol-gel chemistry, this technique can be easily
used to deposit thin films of ZnO [Kokubun Y and Nagakomi 2003]. This
paper describes the preparation and characterization of the Li(25mol%) doped
zinc oxide films by sol-based deposition technique. To study of X-ray
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diffraction peak intensity, Li(25mol%) doped Zinc oxide films have been
deposited on p-Si (100) substrate by spin coating technique and changing the
process temperatures (400°C ~ 600°C) on the lattice constants, positional
u-parameter and bond length of the produced films have been investigated.
Effect of process temperature on the full width at half maximum (FWHM) are
also determined from the maximum peak intensity.

Experimental Procedure

The mixture of (1-x) ZnO and (x) U2CO3 are prepared according to
the stoichiometric composition of x = 0.25(mol%). The mixture of powder is
ground by an agate mortar to obtain the homogeneity. Methanol (CH3OH) is
added to the mixture and then stirred and heated in a vessel with water bath at
100°C for one hour. The homogenous precursor solution is obtained when the
mixture is cooled down at room temperature.

The substrates used in the study are silicon with dimensions 0.5cm x
0.5cm. Firstly, the substrate is cleaned with acetone for 10 minutes to remove
the impurities. After that, it is rinsed by distilled water for 20 minutes. And
then, it is dried out at room temperature for a few minutes.

After cleaning process, the precursor solution, is deposited onto the
substrate by spin coating technique. Later, layer is first dried at room
temperature and annealed at 100°C for 30minutes. The growth of Li
(25mol%) doped ZnO thin layer on p-Si is represented at Figure (1) as flow
chart.

Results and Discussion

X-ray diffraction analyses (XRD) are carried out for the Li(25mol%)
doped ZnO on p-Si films to investigate phase assignment, crystallographic
orientation and lattice parameters. Measurements are performed on a
diffractometer (Rigaku Multiflex, Japan) operating at 40kV and 20mA. The
films are scanned from 30° to 70° in 26 with a step size of 0.05° using (Cu /
K-alphal).The XRD patterns of Li(25 mol%) doped ZnO thin films with
different process temperatures ranging from (400°C to 600°C) are shown in
figure 2 (a ~ c). Since XRD patterns show peaks of (100), (002), (101), (102),
(110) and (103) planes in all films. These thin films crystallize into hexagonal
structure. Overall X-ray diffraction patterns are very similar between pure and
Li (25mol%) doped ZnO thin films, although some structural changes, in
general, occur in association with small structural distortion. Thel average,
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value of;laftice constants are a;= 3.2542A and c = 5.2136 A for Li (25mol%)
doped ^ ' t h i n f i i m i The reported values are a =3.249858 A and c= 5.206619
A for pure ZnO. The ratio c/a of Li (25mol%) doped ZnO is 0.6242, which is
identity trmt-of pure ZnO (0.6242). This value is related to the positional
u* parameter in the wurtzite structure and the Zn :0 bond length. The
positional u-parameter are (0.3798 A, 0.3805 A, 0.3792 A, 0.3794 A and
0.3805 A) for all films.

The average Zn-0 bond lengths are 1.9798A for Li (25mol%) doped
ZnO films and 1.9778 A for pure ZnO. The difference in Zn-0 t)ond length is
only 0.002A. According to the experimental result, very srriall structural
distortion (of order 10"3A) at the ferroelectric phase transition. The average
hexagonality c/a values are found that (1.6020) for Li(25mol%) doped ZnO
films. Figure 3 (a ~ c) shows the variation of lattice constants and c/a ratio as
a function of process temperature for all films. Figure 4(a) shows, variation of
positional u-parameter as a function of process temperatures for all films. The
variation of bond length as a function of process temperature for Li (25mol %)
doped ZnO films as shown in figure 4 (b).Effect of process temperature on the
full width at half maximum (FWHM) of (101) plane for the Li (25mol%)
doped ZnO films as shown in figure 4 (c). Figure 4(d) shows the variation of
intensity of (101) plane as a function of process temperatures for all films.

Conclusion

Li (25mol%) doped n-type ZnO films have been obtained by sol-based
deposition process. To examine the lattice parameters, positional u-parameter,
bond length and full width at half maximum, XRD analysis is carried out. It
has been found that a-axis and c-axis orientation of the films varied with
process temperatures. The average value of lattice constants are identity that
of pure ZnO. As already mentioned above experimental results, fabrication
technique is found to be suitable for the main reason that it is cheap and easily
available. I
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Figure (1) Flow diagram of preparation of Li(25mol%):ZnO/p-Si tlun films.
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Figure 2(a) XRD patterns of Li(25 mol%);ZnO thin films with process
temperature(400°C and 450°C)
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Figure 2(b) XRD patterns of Li(25 mol%);ZnO thin films with process
temperature(500°C and 550°C)
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Figure 2(c) XRD patterns of Li(25 mol%);ZnO thin films with process
temperature(600°C)
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Figure 3(a) Variation of lattice parameter "a" as a function of annealing temperatures.
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Figure 3(b) Variation of lattice parameter"c" as a function of annealing temperatures.
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Figure 3(c) Hexagonality versus annealing temperature of Li(25mol%):ZnO films.
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Figure 4(a) Variation of positional u-parameter as a function of annealing temperatures.
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Figure 4(b) Variation of bond length as a function of annealing temperatures.
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Figure 4(c) Full width at half maximum (FWHM) as a function of annealing temperatures.
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Figure 4(d) Intensity of (101) plane as a function of annealing temperatures.
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