57 6 2008 6 Vol.57 No.6 June 2008

1000-3290/2008/57 06 /3661-05 ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.
*
T
071002
2007 9 4 2007 10 24
N, /SiH, /H,
N, . -
N,
PL
N, PL

PACC 6146 5275R 7865 7855

1.
/
N, /SiH, /H,
HWP-CVD /
12
SiN,
7 x 10°—10 x 10° V/em
5.3 eV 2.
SiN,
56

34 N,/SiH,/H, SiH,
N, 150°C R
/ . =N,/SiH, 0.3 0.8 1.2 Si 100

/ 1.5 Pa.

/ / 300°C

30 min ' . Bio-Rad 60 V

* 2006000999 2007000201 2004000119

f E-mail yuwei @hbu. cn



3662 57
400—4000 cm™'
Si FTIR. PL
10 mW 325 nm He-Cd
Tra f«,
Ref Tra/ 1 - Ref %
a ® &
=
3.
1000 2000 3000 2000
1 R 0.8 BeH/em!
TEM .
Si SN, TEM FIR
H Si—H
SiN, 7.0x 10" em™?
4.0 nm.
Aja w lodw 1
10
Aa w
.Si—N Si—H N—H
PL QCE 6.3x 10" em™" 9.2 x
10° em™  2.8x10° em™' " .
o Si—N Si—H N—H 1
N, N—H Si—N
Si—H
1 R 0.3 0.8 1.2
1.95x 10% 2.33 x
107 2.54x 107 em™® N,
R =
0.8 1.84 x 107 em™ " .
_ /
= LO0nm! N2
1 R=0.8 TEM N,
N—H Si—N
N—H
FTIR Si—H
2 /102 cm ™3
FTIR 842— R 0.3 0.8 1.2
884 cm™! Si—N Si—N 1.70 2.04 2.5
2099—2201 cm™' Si—H N—H 0.22 0.93 1.40
3344—3365 cm ™ N—H Si—H 1.73 1.40 1.14
N, Si—N N—



6 3663

Si—N NH N,
Si—H . N,
4 N, He—Cd
SiH, N, 325 nm PL
B 1.6 2.15 2.45 eV
3 . R=0.8
2.4 2.9V
Tauc
14
a><Ep”2=BEp—Eg 2
a E, Tauc E,
B 3 1.82.4 3.0eV N, N
E, 2.31 2.43 2.87 eV Si N,
. 15
R=0.8 2.9 eV
2.4 eV
Urbach .R=1.2 2.9 eV
a hw = ajexp hv - E, /E, 3
2.9 eV
Qy E, E, Urbach €
3 3
E, 143 271 416 meV
N,
SiN,
N,
2.15 eV
10° 1.8 3.0eV
mlaky
0R=0.3 o 4°
4 R=0.8 g a9 <
x R=1.2 o 49 X
[m] < X X
- 104+ DD qq X /
5 o <f x
< o d <X
) a 444 ><><X
X 0 X%Xxxx .PL N,
B 103t
W
é .
fgﬂ
< 4 PL
2 [y . . . . .
R 2.0 2.5 3.0 3.5 4.0 N,
HTRER /v .3 N,



3664

57

PL&FE / arb. units

4.
. TEM
N,
. . . N,
1.5 2.0 2.5 3.0
HTER eV
4 / PL
Canham L T 1990 Appl Phys. Lett. 57 1046 8 Hishikawa Y Nakamura N Tsuda S Nakano S Kishi Y Kuwano
Ma Z X Liao X B Cheng W C Yue GZ Wang Y Q He] Y 1991 Jpn. J. Appl. Phys. 30 1008
Kong G L 1998 Science in China Series A 28 555 in Chinese 9 Pack NM Kim T S Park S J 2001 Appl. Phys. Lett. 78 2576
10 Molinari M Rinnert H Vergnat M 2001 Appl. Phys. Leit.

1998 A 28 555 79 2172
LuC LiCR JiAL MaLB WangY Q CaoZ X 2005 Appl . 11 Hasegawa S He L. Amano Y Inokuma T 1993 Phys. Rev. B
Phys . Lett. 86 223111 48 5315
Aydinli A Serpenguzel A Vardar D 1996 Solid State Commun . 12 FuGS YangYB Yu W Lu W B Ding WG Han L 2005
98 273 Modern . Physics . B 19 2704
YuW Wang BZ Iu WB Yang YB Han L Fu G S 2004 13 Pak NM Kim SH Sung GY Pak SJ 2002 Chem. Vap.
Chin. Phys. Lett. 21 1320 Deposition . 8 254
YuW WangBZ YangYB Lu W B Fu G S2005 Acta Phys . 14 Tong L Jerzy K Wei K Fred L Terry Jr 2000 J. Appl. Phys.
Sin. 54 2394 in Chinese 88 5764

2005 54 2394 15 KmBH ChoCH KimTW Pak NM Sung GY Pak SJ

Wang Y Q Chen W D Liao X B Cao Z X 2003 Nanotechnology
14 1235

2005 Appl. Phys . Lett.. 86 91908



6 3665

Bonding configurations and photoluminescence of amorphous
Si nanoparticles in SiN, films™

Yu Wei'  Li Ya-Chao Ding Wen-Ge Zhang Jiang-Yong Yang Yan-Bin Fu Guang-Sheng
College of Physical Science and Technology —Hebei University Baoding 071002 China
Received 4 September 2007  revised manuscript received 24 October 2007

Abstract

The Si-in-SiN, H films were prepared by helicon wave plasma chemical vapor deposition technique with active gas
N,/SiH,/H, and the tuning photoluminescence of the films from red to blue-green is achieved by changing the N, flow rate. The
analysis of Fourier transform infrared spectroscopy and ultraviolet-visible absorption demonstrate that the deposited films have
higher hydrogen contents. Increasing of N, flow rate makes the hydrogen bonding configurations change and the size of amorphous
silicon particles decrease to which corresponds the increase of band gap and also the decrease of the microstructure order. The
tuning photoluminescence is mainly related to the quantum confinement of amorphous silicon particles. The broadening of the
spectral widths of main photoluminescence and the enhancement of their intensities are obtained for the films deposited with

increasing N, flow rates.
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