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Effect of deposition parameters and RTA conditions on
electrical properties of AIN thin films

ZHOU lJi-cheng, HU Li-min

(School of Physics Science and Technology, Central South University, Changsha 410083, China)

Abstract: AIN dielectric thin films were deposited on N type Si(100) substrate by reactive radio frequency magnetron
sputtering under different sputtering-power and total pressure. And rapid thermal annealing (RTA) was preformed on
these films respectively for 5 min under different temperatures. The breakdown voltage, permittivity, crystal structure,
composition, surface and refractive index of the thin films were studied by /-V, C-V, XRD, EDS, AFM and elliptical
polarization instrument. The results show that the breakdown voltage of the thin films strongly depends on the
sputtering-power and total pressure, the greatest breakdown voltage is found at 250 W and 0.3 Pa. EDS analysis shows
that the mole ratio of N to Al of AIN thin films changes with total pressure, and reaches its peak value of 0.845 at 0.3 Pa.
The crystal structure of the as-deposited thin-films is amorphous, then it transforms from blende structure to wurtzite
structure as the rapid thermal annealing(RTA) temperature changes from 600 to 1 000 C. The refractive index also
increases with the RTA temperature.
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Table 1 Sputtering parameters for fabrication of AIN thin

films
Sample No.  Power/W Pressure/Pa Time/h
1 200 0.20 1
2 250 0.20 1
3 300 0.20 1
4 400 0.20 1
5 250 0.10 1
6 250 0.15 1
7 250 0.20 1
8 250 0.25 1
9 250 0.30 1
10 250 0.35 1
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Fig.1 Relationships between sputtering power and deposition

rate and breakdown voltage of sample 1—4
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Fig.2 Relationships between total pressure and breakdown

voltage and deposition rate of samples 5—10
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Table 2 Dielectric properties of sample 5

& CFB/ pF VFB/ A\ VT/V

4.22 339.220 -1.2 0.629
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Fig.4 XRD patterns of sample 9 at as-deposited (a) and
after RTA at 600 (b), 800 (c), 1 000 ‘C (d), respectively
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Table 3 EDS testing results of sample 5—10

Sample No. n(N)/n(Al)
5 0.504
6 0.623
7 0.672
8 0.736
9 0.842
10 0.692
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Fig.5 EDS pattern of sample 9
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Table 4 Breakdown voltage of different samples(MV/cm) 18
Sample No. As-deposited 1000 C RTA 16F
5 5.83 8.12
1.4+
6 5.33 7.52
E 12t
7 6.5 8.50 £ "
=S
8 7.18 8.7 LOF _
As-deposited
10 9.47 9.12 0.8+ ;
’ B I T 0.6
%ﬁu 7 F)T/j—% ﬁﬁXﬂéUﬁ’ *j*#@@ﬂ%’[jﬁm?ﬁgyfﬁﬁ 400 60() 800 ] 00() 1 200

L RT3 R 22 51, 3 B T
F AT S K 7 AL, Bl IR R
T, R AT S e R KR 2.215 $n 3 2.365. —
AL, LRSS A4 S 6 2 DR DA 3B K VRS o 14 ok
oD SRR RE (s i B U, AR X S AT AR
FI 2 LR K G R c-AIN A 45 h-AIN A,
SR o] LA B 00 8 R 4 i 334U R
3.26M, R M RE LGS A R, AN A AS R A
(SR AA RS AIN J LT 5 26 (1) 24 Silva 5544 28
— MRS 7R WIETE T c-AIN [T AR
1.5~1.7 Z 1A%, 1fif h-AIN 85 1) 47T S 56 7 2.1~2.5
Z IR, BT AAR SR A BT S5 S (¥ i A2 S 3 e
AIN 1) FAAE 51 .

2.40

2351

2301

Refractive index

225¢

2.20 . . . .
400 600 800 1000 1200

Temperature/C
79 TR N R A A IR R BE R AR 1L

Fig.7 Variation of refractive index with RTA temperature of

sample 9
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Fig.8 Relationship between root-mean-roughness and RTA

temperature of sample 9
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Fig.9 AFM image of sample 9 after annealing at 1 000 ‘C
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