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ABSTRACT: ZnO:In thin films was deposited on glass substrate by magnetron DC sputtering

method from ceramic target. The ZnO:In ceramic targets have concentrations of In,O; varying between

1 and 4wt%. The ZnO:In film has the resistivity with value of 1.79 x 10° Qcm, at a layer thickness of

about 1um, corresponding with ZnO:In target (2%wt In,O;), at the substrate temperature of about 240-

C. All ZnO:In thin films have the transparence above 85% in the visible spectra.
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1. INTRODUCTION

Transparent and conducting oxide (TCO)
thin films with unique characteristics of low
resistivity and high transparency over the
visible wavelength region have numerous
applications in optoelectronic devices including
thin film solar cell, organic light emitting
devices (OLED), and other flat panel displays.
One of the common TCO films is ITO, it is
used as anodes of several devices. However,
indium is a rare metal in nature and the cost of
experiment is increasing drastically. Recently,
Al, Ga or In doped zinc oxide films have been
considered as possible alternatives to ITO films
because ZnO thin films are less expensive than
the ITO films. ZnO thin films were deposited
by several techniques such as radio frequency
(RF) sputtering process, pulsed laser deposition
(PLD), sol-gel method, and chemical vapor
synthesis (CVS)...In this research, indium

doped zinc oxide (IZO) thin films were
prepared by magnetron DC sputtering method
on glass substrates. the structural, optical, and
electronic properties of the 1ZO films have
been investigated with some different
parameters depositing films such as the
concentrations of indium and substrate

temperature.

2. EXPERIMENT

1ZO films were deposited on glass
substrate by magnetron DC sputtering process.
The ZnO:In ceramic targets were prepared by
sintering the mixing 99% ZnO and 99.5%
In,O3 powders with the indium concentration
changed from 1 to 4wt%.The sputtering
chamber was pumped down to 1 x 10 Torr by
oiled diffusive pump. The substrate to target
distance, sputtering time, working pressure,
and sputtering currency, sputtering potential

were kept at 3x3 cm, 35 min, 3m Torr, 0.2 A,
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600 V, respectively. The substrate temperature
of 1ZO films was changed from 50 °C to 300
0

C.

The crystal structure, electrical and optical

properties were investigated by X-ray
diffraction (XRD) measurement, four probe

method, UV-vis spectrometer.

3. RESULTS AND DISCUSSION

3.1. Structural and electrical properties

Fig. 1 shows XRD spectra of IZO films
correspond with the indium concentration
4wt%.  As

concentration of indium increases, the crystal

changed between 1 and
structure of 1ZO films decrease, corresponding
with the decrease of the (002) intensity peak.
This could be explained that indium inserted in
1ZO films when the indium concentration
increased, and the Indium itself had induced

the crystal structure of IZO films.
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Fig.1. XRD patterns of IZO films with differences in concentrations of indium

Table 1. Researching the resistivity of IZO films deposited with different indium concentrations in IZO

ceramic targets

Y%wt In,O3 0% 1% | 2% | 3% 4%
Thickness (nm) 1080 | 880 | 960 | 950 | 950
Resistant sheet Q/o 31.3 | 34.1|22.1 | 22.85 | 35.16
Resistivity p(x10°) Qem | 3.38 | 3.00 | 2.12 | 2.17 | 3.34
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Fig. 2. The resistivity of IZO films deposited with different indium concentrations in IZO ceramic targets

Tab.1 and Fig.2 show that the resistivity of

[ZO films decreases when the indium
concentration in target increases from 1 to 2-3
wt%, but if the In concentration continues
increasing, the resistivity of IZO films also
increase. This could be explained that firstly
the increasing In concentration makes the
carrier concentration of IZO films increase,

result as the resistivity of 1ZO films decrease,

On the contrary, when the In concentration
exceeds the threshold value (about 2-3 wt%)
the mobility of carrier will be decreased due to
occurring in grain boundary scattering and
leading to the resistivity of films increase.
Therefore, the best In concentration is
about 2-3wt%. We can compare this results
with that of scientists (J.Wienke va A.S

Booij)[1] and shows that it is well appropriate.

Table 2: The resistivity of IZO films deposited with different substrate temperatures.

Ts (°C) 100 | 140 |180 |200 |220 |240 [260 |280 | 300
Thickness(nm) | 920 | 1010 | 960 | 970 | 1020 | 910 |980 | 1050 | 950
Resistant sheet | (55| 3356 | 20,10 | 215 | 18.04 | 197 | 195 | 194 |23

Q/o
Resistivity (p) | 136 | 339|212 [209 [1.84 |1.79 | 191 |204 |219
(x 107%) Qem
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Tab.2 shows that as the substrate
temperature increases, the resistivity of films
decrease, because substrate temperature plays
as catalysis to aid In inserting in IZO films

more easily, and leading to the increase in

3.2. Optical properties

carrier concentration. Moreover, temperature
also helps films to improve their crystal
structures, and the incorporation between
substrate and films, and the incorporation
between films and In donor. From that the

resistivity of films decreases.[2,3]
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Fg.4. Oatical transmittance of IZ0 films deposited with

diffe ent substrate fem peratu res.

Fig.4 shows that all IZO films have the
transparent highly about 90% in the visible

spectra. However, in the near infrared, the
transparent of IZO films trend to decrease due

to the high carrier concentration.[4]
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Fig.5 AFM images on 1ZO films with different substrate temperatures.

Fig.5 shows that the lowest root mean
square (Rgrms) of surface roughness was 5.47
nm. This value corresponds with the IZO film
at the substrate temperature 240°C and this
sample also had minimum resistivity 1.79 x 10°

*Qem.[5]
4. CONCLUSIONS

From the results of this research, we can
conclude that IZO thin films has been
sucessfully deposited by magnetron dc

sputtering technique on glass substrate.

- Studying the electrical and optical
properties of 1ZO films with difference of In

concentrations in ceramic targets, it has been
indicated that the best concentration in target to
make best IZO thin films is In 2-3wt%, with
the resistivity at 2.12 x 10° Qcm and the

transparent above 80% in the visible spectra.

- As the substrate temperature increases,
the resistivity of IZO films trends to decrease.
At the temperature about 240°C, the resistivity
of films can reach 1.79 x 10® Qcm and the
transparent of films about 85% in the visible
spectra, corresponding with the transparent

conducting very well.
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CHE TAO MANG DAN PIEN TRONG SUOT ZnO:In BANG PHUONG PHAP PHUN
XA MAGNETRON DC
H Vin Binh, Lé Vii Tuin Hung, Lé Queo, Pham Thanh Tuin,
Duong Ai Phuong, Lé Vin Hiéu
Truong Pai hoc Khoa hoc Ty nhién, PHQG-HCM

TOM TAT: Ming ZnO:In duwgc ché tao trén dé thuy tinh bang phirong phiin xa magnetron dc tir
bia gom ZnO:In. Cdc bia gom ZnO:In c6 nong do In,O; thay déi tie 1 dén 4% khoi lwong. Mang cé dién
tré sudt 1.79 x 107 Qem véi dg day mang khodng 1um teng voi bia gom cé 2%lIn,0s, nhiét dp dé khodng
240°C. Tat ca cdc mang ZnO:In déu cé dj truyén qua trén 85% trong viing dnh sang kha kién.

Tir khod: Mdng oxide dan dién trong suét (TCO), Phiin xa magnetron dec, ZnO:In
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