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Effect of nitrogen concentration on microstructure and
mechanical properties of reactive radio frequency magnetron
sputtered AIN thin films
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Abstract: The wurtzite structural aluminum nitride (AIN) films were deposited on Si(100) wafers by reactive radio
frequency (RF) magnetron sputtering system, using a gas mixture of Ar(sputtering gas)and N, (reactive gas) with varying
nitrogen flow ratio. The properties of aluminum nitride thin films were investigated by X-ray diffraction (XRD), scanning
electron microscopy (SEM), atomic force microscopy (AFM) and nanoindentation techniques. The results show that the
preferred orientation, crystallinity, deposition rate and nanomechanical properties significantly depend upon the nitrogen
flow ratio. The microstructure and the surface roughness are also influenced by the nitrogen flow ratio. As the nitrogen
flow ratio increases, the thickness and deposition rate of the film decrease, and the crystallinity of the films changes
obviously. The growing of AIN films along preferred orientation (002) is improved under higher nitrogen flow ratio. The
nitrogen concentration has little influence on the elastic modulus but obviously affects the hardness of AIN films. The
AIN films fabricated in this study have excellent nano-mechanics properties with hardness in the range of 12.0~29.3 GPa
and elastic modulus in the range of 184.0~209.8 GPa.

Key words: AIN films; reactive sputtering; preferred orientations; nanoindentation; hardness

AIN [[V;
AIN GHz (SAW) (BAW)
AIN 8
(21271188) (2012M521541)
2013-03-04 2013-04-22

: 0731-88830335; E-mail: giupwei@csu.edu.cn



102 2014 2
N, Ar (1)
( ) N
( 5%)
g AIN
6.2 eV @(N,) __ FMN2) 1000 (1)
F(N,)+F(Ar)
(= AIN 1
22 GPall TiN/AIN F(N2)  F(Ar) N, Ar
30 GPa® cm®/min
AIN 5
F(Ny):F(Ar) 37 46 55 64 123
N 9(N) 30%
[6-7] 40% 50% 60% 80%
AIN 30~150
SAW Dmax-2500VBX X (XRD)
8] Cu Ka A =0.154 nm
20 69.17° Si(400)
20°~68° SOLVER P47
AIN (AFM)
Quanta200 Environmental (SEM)
CSM
UNHT
N, AIN 3~5
N, AIN
10% 0.46~2
Si(100) AIN Ar mN
N, P
AIN )
AIN
AIN AIN 21
1 AIN SEM 1
o(N;) 30% 40% 50% 60% AIN
186 157 133 122um
1 31 26.2 222 20.3 nm/min N,
AIN
CSU550-1 o(N) o(Ar)
AIN 60 mm 4 mm
Al 99.999% N,
Ar N, 99.999% [5-101 o(N,)
Si(100) 10 mm>10 mm>0.5 mm AIN
10 nm AIN
5%( ) HF
1.8><10° Pa 200 W 30 2.2 AIN
mm 0.2 Pa 1lh D08-3B/EM 2 AIN XRD 2 0]



19 1 AIN 103

1 N, AIN SEM
Fig.1 The cross-sectional SEM images of AIN thin films deposited at various volume fraction of nitrogen
(2)—30%); (b)—40%; (c)—50%; (d)—60%
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Fig.2 XRD patterns of AIN thin films deposited at various B: B; =

nitrogen volume fraction B, (002) (103)
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Fig.3 Surface AFM (atomic force microscope)images of AIN films deposited at various ¢(N;)
(2)—30%); (b)—40%; (c)—50%; (d)—60%; (e)—80%
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