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Influence of Residual Oxygen on the growth of AIN Thin Films with
Substrate Temperature
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Abstract

Aluminum nitride (AIN) thin films have been deposited on Au electrodes by using reactive RF
magnetron sputtering method in a gas mixture of Ar and N2 at different substrate temperature. It was
found that substrate temperature was varied in the range up to 400 C, highly c-axis oriented film can
be obtained at 300 C with full width at half maximum (FWHM) 3.1 °. Increase in surface roughness
from 3.8 nm to 59 nm found to be associated with increase in grain size, with substrate temperature;
however, the AIN film fabricated at 400 C exhibited a granular type of structure with non-uniform
grains. The Al 2p and N 1s peak in the X-ray photoelectron spectroscopy (XPS) spectrum confirmed
the formation of Al-N bonds. The XPS spectrum also indicated the presence of oxynitrides and oxides,
resulting from the presence of residual oxygen in the vacuum chamber. It is concluded that the AIN
film deposited at substrate temperature of 300 T exhibited the most desirable properties for the
application of high-frequency surface acoustic devices.
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Table 1. Sputtering conditions of AIN thin films.

Deposition parameter Condition

RF Power 300 W

Base pressure 7.6X 107 Torr
Working pressure 3 mTorr

Target-Substrate distance | 8 cm
Ar/N; flow rate 19/19 sccm
Substrate temperature RT, 200 °C, 300 °C, 400 °C
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Fig. 1. XRD patterns of AIN films deposited at
different substrate temperature.
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Fig. 2. XRD patterns of AIN films deposited at
substrate temperature of 300 C as a
function of oxygen concentration.
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Fig. 3. (002) peak intensity and FWHM of AIN
films deposited at different substrate
temperature.
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Fig. 4. The surface SEM images of AIN thin
films deopsited at different substrate
temperature.
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Fig. 5. The surface AFM images of AIN thin
films deposited at different substrate
temperature.
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Fig. 6. The grain size and surface roughness
of AIN thin films deposited at different
substrate temperature.
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Fig. 7. The XPS spectrum of AIN thin film
deposited at substrate temperature of
300 C.
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Table 2. The BE and relative area under the peaks of Al 2ps2 and N 1s as a function of substrate

temperature.
Core level Peak assignment RT 200°C 300°C 400°C
BE (eV) Arca (%) BE (¢V) Arca (%) BE (¢V)  Area (%) BE (eV) Area (%)
Al2p,, AN 73.6 81 73.7 82 738 82 738 75
Al-O 74.9 19 74.9 18 75.0 18 748 25
Nls N-Al 396.7 87 396.9 88 396.9 86 396.8 84
Al-O-N 398.4 13 398.5 12 398.5 14 398.2 16
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