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Abstract Transparent conductive tungsten (W) doped indium oxide (In,O5; IWO) films were deposited at different substrate
bias voltage (-Vy) conditions at room temperature on glass substrates by radio frequency (RF) magnetron sputtering and the
influence of the substrate bias voltage on the optical and electrical properties was investigated. As the substrate bias voltage
increased to -350 Vy,, the IWO films showed a lower resistivity of 2.06 x 10 Qcm. The lowest resistivity observed for the film
deposited at -350 V,, could be attributed to its higher mobility, of 31.8 cm*/Vs compared with that (6.2 cm*/Vs) of the films
deposited without a substrate bias voltage (0 V},). The highest visible transmittance of 84.1 % was also observed for the films
deposited at the -350 V,, condition. The X-ray diffraction observation indicated the IWO films deposited without substrate bias
voltage were amorphous phase without any diffraction peaks, while the films deposited with bias voltage were polycrystalline
with a low In,0; (222) diffraction peak and relatively high intensity (431) and (046) diffraction peaks. From the observed
visible transmittance and electrical properties, it is concluded that the opto-electrical performance of the polycrystalline IWO
film deposited by RF magnetron sputtering can be enhanced with effective substrate bias voltage conditions.
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Table 1. Experimental conditions of IWO deposition process.

Base pressure (Torr) 5.0 x 107
Deposition pressure (Torr) 1.0 x 107
RF power density (W/cm?) 2.5
Ar gas flow rate (sccm) 5.0
Target composition 95 wt% In,O5 - 5 wt% W
Substrate temperature (°C) 62
T-S substrte distance (cm) 5
Deposition rate (nm/Min) 10

Substrate bias voltage (-Vy,) 150, 250, 350, 450

I Eylr = UV-Vis. Spectro-photometer® =74 3}9t}.
uhulo] A A A(crystallization) T} Ar” 0] £ZEo] w2 vt
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P
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Fig. 1. Energy dispersive x-ray spectroscopy (EDS) analysis of
IWO thin film.

Table 2. Effect of substrate bias voltage (-V}) on the deposition
rate of IWO films.

Bias voltage 0 150 250 350 450

Deposition rate

12.1 114 11.1 10.8 10.6
(nm/min)
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Fig. 2. XRD patterns of IWO thin films deposited at different sub-

strate bias voltages. (a) 0 Vy, (b) -150 Vy, (c) -250 V4, (d) -350 Vs,

(e) -450 Vs,

(2) RMS: 6.24 nm
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Table 3. Compared carrier density, mobility, band gap and resis-
tivity of IWO films deposited at different substrate bias voltages.

Bias Carrier

voltage density Mol:z)ility Band gap Resijtivity
Vo (<107 em) (cm”/Vs) (eV) (x10™ Qcm)
0 1.35 6.2 3.933 75.20
150 6.33 10.7 3.941 9.29
250 8.72 12.1 3.947 5.95
350 9.55 31.8 3.957 2.06
450 26.30 59 3.968 4.02

(b) RMS: 4.32 nm

Fig. 3. Surface images and RMS roughness of the IWO films deposited at different substrate bias voltages. (a) 0 Vy: 6.2 nm, (b) -150 Vy: 4.3

nm, (c¢) -250 Vy: 2.3 nm, (d) -350 Vy: 1.7 nm, (e) -450 V,,: 2.2 nm.
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Fig. 4. The visible transmittance of the IWO films deposited at dif-
ferent substrate bias voltages and compared visible transmittance
at 550 nm in wavelength is included in the figure. (a) 0 Vi, (b) -150
Vb, (€) -250 Vy, (d) -350 Vs, (e) -450 Vi,
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Fig. 5. The XRR spectra of the IWO films deposited at different
substrate bias voltages. (a) 0 Vi,: 6.13 g/em?, (b) -150 Vy: 6.17 g/
e, (¢) -250 Vi,: 6.28 g/em’, (d) -350 Vi: 6.45 g/em’, (e) -450 Vy:
6.37 g/em’.

Table 4. Compared density, sheet resistance (Ryp), visible transmit-
tance (T) and figure of merit (FOM) of IWO films deposited at
different substrate bias voltages.

Bias voltage  Density Rsn Transmittance FOM
(-Vb) (g/em’)  (0)) (%) @
0 6.13 751.0 81.8 1.8x10*
150 6.17 92.8 83.1 1.7 %107
250 6.28 59.4 83.8 29107
350 6.45 20.5 84.1 8.6 x 107
450 6.37 40.1 84.0 44x107°
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