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Abstract: Indium tin oxide thin films were deposited on glass substrates via high-temperature annealing
technique and RF sputter coater system from a high density target (90 wt% In,0s-10 wt% SnO,). The effects of
film thickness on the structural, electrical, and optical properties of the ITO films were investigated. The
resulting ITO films with different thickness values were polycrystalline. The transmission, resistivity, and
optical band gap of the ITO films decreased with increasing film thickness. By contrast, the grain size, intensity
of the diffraction peak, and root-mean-square roughness increased with increasing film thickness. X-ray
diffraction and field-emission scanning electron microscopy experiments were performed in this study.
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Introduction

Transparent conductors have gained increasing interest since the first report of transparent conducting cadmium oxide
films by Badeker (1907) [1]. Indium tin oxide (ITO) thin film are used as transparent conductive layers in various
optoelectronic devices because of its high transparency to visible light and low electrical resistivity [2]. ITO is used as
transparent conductors in liquid crystal display (LCD) [3], solar cells [4], and various light-sensitive solid-state devices.
In organic light-emitting diodes (OLED) displays [5], ITO films with exceptionally smooth surface morphology are
needed. High-quality ITO films have been prepared via various deposition methods, such as electron beam
evaporation[6],thermal evaporation CVD [7], spray pyrolysis [8], pulse laser deposition [9],as well as DC and RF
sputtering[10].Post-deposition annealing at 350 °C in a furnace significantly improves the grain growth or crystallinity
of ITO thin films, thereby resulting in reduced structural defects. This study focused on the effect of film thickness on
the structural, electrical, and optical properties of ITO films.

Experimental

The ITO thin films were deposited via RF sputtering onto a glass substrate by using an ITO target composite mixture
(90 wt% In,O5 and 10 wt% SnO,). The pressure before the deposition was approximately 10" mbar. The highest power
value delivered by the generator was 3000 W at 13.56 MHz radio frequency. The samples with thickness values of 50,
200, and 380 nm were prepared at 100 W. The glass substrates were cleaned via sonication with detergent (acetone and
methanol), rinsed with deionized water for 15 min, blown dry with nitrogen gas, and finally dried in an oven at 120 °C
for outgassing. Structural properties were identified via X-ray diffraction (XRD) and field-emission scanning electron
microscopy (FESEM). XRD was employed at 20 mode with Cu Ka radiation (XRD; Rigaku,D/MAX-Rc) at 1.54 A.
Resistivity values were measured using a Kethley 2400 source meter. Transmission curves were obtained using a
spectrophotometer (Varian—Cary system 5000 UV-Vis-NIR spectrophotometer) to determine the optical transmission.
Annealing was performed in air at 450 °C for 1 h.

Results and discussions

For our results Fig. 1 shows the XRD patterns of the ITO thin films with different thickness values (50, 200, and
380 nm) annealed at450 °C. Fig. 1(a) shows the XRD pattern of the 50 nm thick film, in which one major peak is found
and one reflection from (222) plane with 30.566 intensity in the standard XRD data. Fig. 1(b) shows the XRD pattern
for the 200 nm thick film, in which three major peaks are found and reflections from (211), (222), and (440) planes,
with relative intensities of 21.48, 30.56, and 50.99, respectively. Fig. 1(c) shows the XRD pattern of the 380 nm
thick film, in which five major peak are found with reflections from (211), (222), (400), (440), and (622) planes with
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relative intensities of 21.48, 30.56, 30.43, 50.99, and 60.62, respectively, in the standard XRD data [11]. Reflected X-
ray intensity depends on the penetration depth of X-ray [12]. For the 50 nm thick films, we obtained only the reflection
at high intensity in the standard data, which is significantly small compared with those for thicker films. The absence of
reflection from (211), (400), and (622) plains in the 50 nm thick film is not due to the orientation but to the sample
thickness [11].
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Fig. 1: XRD pattern of ITO films with different thickness.

The grain sizes were derived from the XRD spectra following the Scherer method [12]. Grain size D is given by D =
KAMA(20)cos(0), where A is the X-ray wavelength (1.5406 A), K= (180/)=(0.94), and 0 is the diffraction angle at which
the peak of a particular orientation occurs. The grain size increased from 31.77 nm to 41.82 nm with increasing film
thickness (Table 1).

Fig. 2 shows the FESEM images of the ITO thin films. The grain sizes increased with increasing film thickness.

Fig. 2: FESEM of (a) 50 nm, (b) 200 nm, and (c) 380 nm thick ITO films.

Fig.3 shows the atomic force microscopic (AFM) surface images of a 5 pm x 5 um ITO thin films. Fig. 3(a) observed
shows that the 50 nm thick film has a smooth surface, good adherence to the substrate, and narrow size distribution. By
contrast, the thicker films have hills and craters [Fig. 3(b.c)]. Thus, roughness increased with increasing film thickness.
The root-mean-square (rms) roughness for the thin films increased from 1.7 nm at 50 nm thickness to 4.8 nm at 380 nm
thickness (Table 1).
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Fig. 3: Three-dimensional AFM images of the (a) 50 nm, (b) 200 nm, and (c) 380 nm thick ITO films.
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Fig. 4 shows the variations in resistivity as a function of film thickness. The resistivity of the ITO films decreased with
increasing film thickness, thereby suggesting that the electrical properties of the ITO films were strongly influenced by
the film thickness. The lowest resistivity (3.8x10™ Q-cm) was obtained from the 380 nm thick film (Table 1).
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Fig. 4: Variations in resistivity of the ITO films.

Fig. 5 shows the optical transmission of the ITO films in the300 nm to 800 nm wavelength range. The optical
transmission of the ITO films decreased with increasing film thickness.
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Fig. 5: Optical transmission spectra of the ITO thin films.

Fig. 6 shows the energy gaps of the ITO films. The energy gaps were calculated from the plot of (ahv)? versus hv for
the ITO films. The absorption coefficients (o) were calculated from the optical transmission (T) by using the following
equation: o = (In 1/T)/D, where D is the film thickness. The photon energy (hv) values were calculated using the
following equation: hv = 1240/A, where A is the wavelength of the thin film [13]. The average energy gap decreased
with increasing film thickness. The highest value of the energy gap (3.80 eV) was observed for the 50 nm thick film
(Table 1).
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Fig. 6: Variations in the optical band gap of the ITO thin films
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Tables 1: Grain size, roughness, and energy gap for the ITO thin films.

Film thickness  Grain size (nm) rms Resistivity energy gap
(nm) roughness (nm) (Q-cm) (eV)
50 3177 1.71 4.5x10° 380
100 3432 2.54 9.7x104 3.75
380 4]1.82 4.81 3.8x101 344
Conclusion

ITO thin films with different thickness values were deposited on glass via RF sputtering and high-temperature
annealing (450 °C). The structural, optical, and electrical properties significantly depend on the film thickness. The
transmittance, optical band gap, and resistivity decreased with increasing film thickness. By contrast, the rms roughness
and grain size increased with increasing film thickness. These results showed that ITO films can be used as transparent
electrode for OLED and touch screen monitors, as well as in piezoelectric crystal applications.
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