58 4 2009 4
1000-3290/2009/58 04 /2654-6

Vol.58 No.4 Apr. 2009

ACTA PHYSICA SINICA (©2009 Chin. Phys. Soc.

AIN/Si, N,

AIN/Si; N,
PACC 6860 6855 6460M

SisN,
Si0,

TiN SN,
1000C
600°C

33GPa

TiN
Si, N,

22GPa

00774001
. E-mail gyli@sjtu. edu. cn

-AIN AIN/Si; N,

*
¥
200240
2008 6 23 2008 7 14
Si,N, AIN/Si; N, X
Siz N, AIN/Sis N,
AIN
Si; N, 1nm AIN
SN,
AIN/Si; N,
Si; N,
Cr,N/Si;N, HIN/Si;N, NbN/Siy N,
5—7
TiN/
Si; N, ZrN/Si; N, Si; N,
Inm TiIN  ZiN
NaCl
AIN/Si; N,
Si; N, AIN h-
Si; N, AIN
35—45 GPa
1—3 2
ZxN/
¢ Si; N, AIN/Si; N,



4 Si,N, h-AIN AIN/Si; N, 2655
AIN Si;N, ANELVA SPC-350 Si AIN
) AIN/Si;N,
Al 99.99%  Si
99.999% . Si, N,
AN . 1b
5 cm. h-AIN 0001 1120
4 x 107" Pa Ar
99.99% N, 99.999% AN Si;N,
3.2%x107"' Pa 1.2x 107" Pa.
80 nm Si, N,
AIN Al Si AIN . 1b
AIN SN, HRTEM
) h-AIN
AIN Lun 4.0 nm Si;N, Sis N, . XRD
Lsix, 0.3—2.3 nm. Siz N, AIN
2 . h-AIN
JEM 2100F
HRTEM  Rigaku D/MAX
2550 VB/PC X XRD Siy N AN
Fischerscope H100 VP
20mN
10
2 AIN/Si; N, XRD
3. Si; N, 0.3 nm
Bragg
3.1. 8
1 AN 4.0 nm /Si;N, 0.6 nm AIN
HRTEM . la HRTEM
Si AIN 20 nm Si, N, Isx, 2 SN,

1 AIN 4.0 nm /SizN; 0.6 nm



2656 58
0.3 nm Si; N,
1b HRTEM Si; N,
Sis N, 0.3 nm AIN AIN
Si; N, AIN
0001
Igi N, =2. 3nm 3.2.
lSi3N4=1' 6nm
% lSi3N4=1' 1nm 0
Isj3N4:0. 8nm . 50 H]N
lSi3N4=0' 6nm
ISi3N4=0' 3nm 2SH]N 20 H]N
Oliver-Pharr 10
1 2 3 4 5 6 .
26/0) 4 Si, N,
2 Siz Ny AIN/Sis Ny XRD 4 AIN
21 GPa 270 GPa Si; N,
3 XRD 18 225 GPa. AIN
Si; N, AIN Si; N,
0001 . Si; N, Si; N, 0.6 nm
0001 32.8 340 GPa. Si; N,
Siz N,
0.6 nm AIN
30 . Si; N, AIN 26%
0001 . SN, 56.2% . 3
2.3nm XRD
Si; N, Si; N,
AIN Si; N,
Si; N,
g 36 450
200 1 z B & _
160 | T T T 32 /;lL oo
3 . P 4 400
<2 120 | : : 2.3 "
= Z . 28
S| —— 746 |
2 %0 N.Q‘ ra 08 o & ol I \;\E 1350 o
T a0t  — 0.3 N\ g /l \ S
- ~ AIN < N ~
30 10 - 50 60 70 SiaNe ¥ = or ¥ \f ' 1300 )
L 1
20/(%) 16 / T
$ T
1 [ SisNa \, 1250
3 Si;N, AIN/Si; N, AIN Si;N, . . . \ , SigNy .
XRD 0.0 0.5 1.0 1.5 2.0 2.5
lsiSNd/nm
3
4 AIN/Siz Ny Siz N,
Si; N, Si; N, ;
Si3N4

I nm AIN 1/4 XRD



4 Si,N, h-AIN AIN/Si; N, 2657
Si,N,
4.
4.2.
4.1. Si;N,
Koehler
AIN/Si; N,
Si; N, 1nm h- 13
AIN AIN Hall-Petch "
Si,N,
TiN/Si,N, '™ ZiN/SiyN, *
Si; N, 4.2.1.
TiN/SisN, 3 Koehler 12 H
Si;N, TiN 111 TiN 111 .
ZiN/SiyN, Si;N, AH ~ %‘*2“‘9 1
ZiN 200 ZiN 200 R= G- G,/ G+ C G G
G,> Gy 0
AIN . L
SuN, 0001 Schmidt m 032°.G
6= 51y
E
0.25. AIN
270 GPa Si, N,
225 GPa. 0
Si;N, 0001
cla<1.633 1010 1011
SisN, Inm AIN @ =0.3110 nm ¢ = 0.4980 nm cla
Si; N,y =1.601
Si, N, XRD AIN/Si; N,
Si; N, 0001 1 0
0° 90°  66.2°. AIN/ SiyN,
Si;N, AH =3.05 GPa
0 =90°.
Si;N, Si;N,
TiN/Si;N, * ZiN/SiyN, * AIN/Si;N, " 4220
13 16
Cr,N/Si;N, ° HIN/Si,N, ©  NbN/SiN, ’
Si; N, Inm
Si,N,
Inm AH,, ~ 10z, . 2



Films 240 267
TianJW HanZH Lai QX YuX]J LiGY GuMY 2004

2658 58
T 1
/6 Si,N,
Tu = ¢ AEY :
Si; N,
A Si,N, o
E .
Si; N,
7 AIN 1/4 2
17 18 A .
Si,N, AIN
A 0.25 E AIN
Si,N, E 264 GPa. ,
AN SiN,
Si,N,
2% —3%
5—8 GPa
: 5
Si; N .
3N AIN/SEN,
1 AIN/SizN, :
B h-AIN Si; N,
Siz Ny AH .
Si; N, Inm
AH AH AH,
AIN
/GPa /GPa /GPa
0001
3.05 5—8 15+1
1 32.8 GPa. Si; N,
Chen Y H Lee KW Chiou W A Keer L M 2002 Surf. Coat . Surf. Coat . Technol. 176 267
Technol . 154 162 10 Oliver W C  Pharr G M 1992 J. Mater. Res. 7 1564
Hultman L. Bareno J Flink A Soderberg H Larsson K Petrova 11 YuLH Dong SR XuJ H 2008 Acta Phys. Sin. 577776 in
V Oden M Greene ] E Petrov 1 2007 Phys. Rev. B 75 5437 Chinese 2008 57 7776
Kong M Zhao W] Wei L Li GY. 2007 J. Phys. D 40 2858 2 Koehler J S 1970 Phys. Rev. B 2 547
Zhao W J Dong YS Yue JL Li GY 2007 Acta Phy. Sin. 56
a0 W J - Dong ve J L Li o Sy, om 13 Kato M Mori T Schwartz L H 1980 Acta Metall . 28 285
459 in Chinese 2007
56 459 14 Anderson P M Li C 1995 Nanaostruct . Mater . 5 139
. . . . o 15 Chu X Barnett S A 1995 J. Appl. Phys. 77 4403
Xu J H Hattori K Seino Y Kojima I 2002 Thin Solid Films 414
239 16 Cahn J W 1963 Acta Metall . 11 1275
Jeong ] | Hwang S K Lee C M. 2002 Mater. Chem. Phys. T 17 Mirkarimi P B Barnett S A Hubbard KM Jervis T R Hultman L
27 1994 J. Mater. Res. 9 1456
Jeong J ] Lee C M 2003 Appl. Surf. Sci. 214 11 18  Shinn M Barnett S A 1994 Appl. Phys. Lett. 64 61
Kim C Qadri SB Scanlon M R Cammarata R C 1994 Thin Solid 19 DingWY XuJ LuWQ Deng XL Dong C 2008 Acta Phys.

Sin. 57 5170
2008 57 5170

in Chinese



4 SN, h-AIN AIN/Si N, 2659

Crystallization of Si;N, on h-AIN and superhardness
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Abstract

A series of AIN/Si3N, multilayers with different Si; N, thickness were synthesized by reactive magnetic sputtering. The
microsructure of the multilayers was characterized with X-ray diffraction and high-resolution transmission electron microscopy
and nanoindentation was employed to measure their mechanical properties. The crystallization behavior of Siz N, modulation layer
in the multilayers and its influences on the microstructure and mechanical properties of AIN/Si; N, multilayers were studied. The
results show that when Siz N, thickness is less than about 1 nm SizN, normally amorphous in deposition state could form a
wurtzite-type pseduocrystal structure same as the structure of h-AIN  due to the template effect of AIN crystal layer. Crystallized
SizN, layers and AIN template layers grow coherently into columnar crystals. Correspondingly the hardness of the films is
enhanced showing a superhardness effect. Further increasing the thickness of Si;N, layers the coherent interfaces of the
multilayers are damaged and Si;N, layers become amorphous accompanied by the decline in hardness of the films. The
discussion indicates that the superhardness effect in AIN/Si3N; nanomultilayers is related to the enhancement of modulus

difference between the two different module layers caused by the alternating stress field in the coherent growth structure.
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