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Characterization of AIN Thin Films Grown by Pulsed Laser Deposition
with Various Nitrogen Partial Pressure
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Abstract

Aluminum nitride (AIN) is used by the semiconductor industry, and is a compound that is required when manufacturing
high thermal conductivity. The AIN films with c-axis orientation and thermal conductivity characteristic were deposited by
using the Pulsed Laser Deposition (PLD). The AIN thin films were characterized by changing the deposition conditions. In
particular, we have researched the AIN thin film deposited under optimal conditions for growth atmosphere. The epitaxial
AIN films were grown on sapphire (c-Al,O5) single crystals by PLD with AIN target. The AIN films were deposited at a
fixed temperature of 650 °C, while conditions of nitrogen (N,) pressure were varied between 0.1 mTorr and 10 mTorr. The
quality of the AIN films was found to depend strongly on the N, partial pressure that was exerted during deposition. The X-
ray diffraction studies revealed that the integrated intensity of the AIN (002) peak increases as a function the corresponding
Full width at half maximum (FWHM) values decreases with lowering of the nitrogen partial pressure. We found that highly
c-axis orientated AIN films can be deposited at a substrate temperature of 650 °C and a base pressure of 2x10” Torr in the
N, partial pressure of 0.1 mTorr. Also, it is noted that as the N, partial pressure decreased, the thermal conductivity

increased.
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Table 1 The deposition conditions of AIN thin films
fabricated by PLD

Deposition parameter Conditions

Target Materials AIN (dia.=2 inch)

Substrates c-Sapphire (10x10 mm)
T-S Distance 45 mm
Substrate Temp. 550~750C

Base Pressure 2.00E-07 Torr

0.1mTorr, ImTorr,

Working Pressure (N,)
5mTorr, 10mTorr

Deposition Time 30 min
Laser Density >200 mJ
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Fig. 1 X-ray diffraction analysis of AIN thin film
deposited on c-Al; Oz substrate at different
N, atmosphere; (a) c-Al, Oz substrate (b)
base pressure, (¢) 0.1 mTorr, (d) 1 mTorr, (e) 5
mTorr, and (f) 10 mTorr
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Fig. 2 FWHM values and grain size of AIN thin film
deposited on c-Al; Os substrate with Base
Pressure, 0.1 mTorr and 1 mTorr N
atmosphere
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Fig. 3 The three dimensional AFM images and surface
roughness of AIN thin films deposited at N
atmosphere of ; (a) 0.1 mTorr, (b) 1 mTorr, (c) 5
mTorr, and (d) 10 mTorr
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Fig. 4 The SEM cross-sectional images of AIN thin films
deposited at N, atmosphere of 0.1 mTorr
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Fig. 5 HR-TEM cross-sectional images of AIN thin films
deposited at N, atmosphere of 0.1 mTorr
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Fig. 6 Absorbance spectra and Band gap with energy of
AIN thin films grown on various N, atmosphere;
(a) 0.1 mTorr, (b) Base pressure, (¢) 1 mTorr, (d)
10 mTorr , and (e) 5 mTorr
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g. 7 Thermal conductivity of AIN thin films deposited
with various N, pressure
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