55 4 2006 4

1000-3290/2006/55 04 /1936-06 ACTA PHYSICA SINICA

Vol.55 No.4 April 2006
©2006 Chin. Phys. Soc.

67

HWP

071002
2005 5 27 2005 12 12
Raman
. Raman
200 C..
PACC 6146 5275R 7865
1.
nc-Si H
3—7
nm
a-Si H ne-Si H
nc-Si H
1—3
nc-Si H
as 2
ne-Si H
* 503129

+ E-mail w_yu_hbu@ yahoo.com.cn

*
4
HWP
HWP-CVD
ne-Si H
HWP-CVD
Raman
FTIR -
HWP-CVD
% 30 MHz
Nagaya [Il HWP



1937

4
H, SiH, 3000
50—350 C 2500
Si 100 7059 H, P
§ 2000
SiH, 40:1 £
1.3 Pa 400 W w0007
o
30 min. Raman JYT64000 =
8 1000 £
Raman 532
nm 1 mW.FTIR Bio-Rad 60V 500 &
400—4000 o
em”! 2 em”! T 100 300 500 700
R ZOHX 350_ Raman ﬁﬁ /Cl‘l‘l_1
900 nm T/ 1-R
1 Raman
3 3.2. FTIR
FTIR
3.1.
1
630 cm™! 800—1000 cm ™"
Raman . 1 T, 2000—2100 cm ™' 2
<150 C Raman
Si 4 TA
LA LO T™O °. 620 650 cm™! 2
T, > 150 C Raman TO 510— a 100 °C
515cm™ 620 cm ™! SiH
Si 650 cm™' SiH, 12
Raman 520 cm™! 3 cm 3 2
. Raman a SiH,
TO
TA Si-H
13
TA TO Cy =A w IN 1
10 1
I w =J ¢ lo do. 2
TA TO
I w N
Aa}
1 Si N=5.0x10" em™ 4, =1.6x 10"
TO cem 2.
3 . 3

50—250 °C
23.2%



1938 55
2 b 800—1000 cm™'
£°7 w00c .
0F (@ 24l 845 880 cm
) SiH , SiH, ‘L
= 3
8 : |/ 50—250 °C
" 500
k=
= 300 °C
b}
=
= . 4
Si—H .
25
. 2.4
500 600 700 800 400 1 1 (650) § / "
B/ emt \\ g ]
§ 300 | ree20), . = [ — |,
4 *g YO 200 250 300 350 g
(b) N *REE / °C Tﬁ
i 200T \ J1o®
bt
3 = A58
) 71(2100)%x1.5 W,
P 100 | e—0r__, . ls
§ \'5/'———_'
£ 1(2000) —
~ 2 F B 0 1 1 L L s 0
E'%( 20 ¢ 50 150 250 350
o 100°C b
*33 M- FRCHE /C
= 150°C
L m
M 3
WWWM 2100 em ™! 2000 em ™!
0 350°C PO . POV A
800 850 900 950
B/ cm™
2 ¢ 1900—2200 cm™'
2.0 T
© E | 100C 2 c
%0_4 100 °C
1.5} - 3
Q 0.0
g et a-Si H 2000 2100 cm™'
£ of 20 SiH  SiH,
i
g 150°C
=3 N
0.5 ’/’/\_sﬁ
N ne-Si H
300°C _1
0.0 M 3500 3 2100 620 cm
1900 2000 2100 2200 2300 200 C
B/ o™ 2100 cm ™! SiH
) . 122100 em™! 2000
4 -1
c c 100 °C cm 200 °C
3
9.0% 250 C 3 350 °C




4 1939
2.25 2 128
+ ° K
. A E,
3.3. o {112
2.10
>
4 100 °C > 4 g
4 2 196
&) . o
480 nm a 10" em™ Losh N
: 1 80
L]
E, Tauc 1 4 ’
O[l?l/z:BlZ—E'g 3 1. 80 1 L 1 L 1 L 1 L 1 .%. |_64
50 100 150 200 250 300 350
B k “ MR /°C
10* em™ a
E 5 E, E,
a = exp E/E, 4
Ell
15 3 4
5
E, E, 5
2.21eV 1.75eV
E, 300 C
10°
HWP
10*
N ¥
X 10° sg 4
M- ¥ 14 nm/min 100 °C
= =
i & 17 nm/min.
10?
Si-Si
10t
400 500 600 700 800 900
PH/nm
4 100 °C
FTIR SiH,
.Raman  FTIR E,
E,
Raman
200 C.

SiH



1940 55
m E, 4.
SiH, H, 50—350C
E, HWP-CVD
E, nc-Si H
8 Raman
E, E
& b T, <150 C
Eu
T
3 s
2100 cm™' > 150 ¢
Eu
2 350 C
1 Lee HC Lee H Ryu]J T et al 2001 J. Kore Phys. Soc. 39 30 10 Zhang SB Liao X B An L et al 2002 Acta Phys. Sin. 51 1811
2 YuMB WangY Ma A H et al 1997 J. Xi’an Univ. Technol . in Chinese 2002 51
13 320 in Chinese 1997 1811
13 320 11 Viera G Huet S Boufendi L et al 2001 J. Appl. Phys. 90 4175
3 HeYL HuGY YuMB et al 1999 Phys. Rev. B 59 15352 12 XuYY Liao XB Kong GL et al 2003 J. Cryst. Growth 256 27
4 Han D Wang K Owens ] M et al 2003 J. Appl. Phys. 93 3776 13 TwoZ Lin XY LinSH etal 2003 Acta Phys. Sin. 52169 in
5 Choi W C Kim C K Kim E K 2000 J. Kore Phys. Soc. 36 23 Chinese 2003 52 169
6 XuYY Kong GL Zhang S B et al 2003 Acta Phys. Sin. 52 14 Tong L. Jerzy K Wei K et al 2000 J. Appl. Phys. 88 5764
1465 in Chinese 2003 15  Orapunt F Leary S K O 2004 Appl. Phys. Leit. 84 523
52 1465 16 Jadkar SR Sali J V. Musal D V et al 2002 Sol. Energy Mater .
7 Zhu X H Chen GH YinSY et al 2005 Chin. Phys. 14 834 Sol . Cells 71 153
8 YuW Wang BZ LuW B et al 2004 Chin. Phys. Lett. 21 1320 17 Touir H Zellama K Morhange J F et al 1999 Phys. Rev. B 59
9 YuW Wang BZ Yang Y B et al 2005 Acta Phys. Sin. 54 2392 10076
in Chinese 2005 54 18 HeYL YinCZ Cheng G X et al 1994 J. Appl. Phys. 75797

2392



4 1941

Hydrogen bonding configurations and energy band structures of
hydrogenated nanocrystalline silicon films *

Yu Wei'  Zhang Li Wang Bao-Zhu Lu Wan-Bing Wang Li-Wei Fu Guang-Sheng
College of Physical Science and Technology —Hebei University ~Baoding 071002  China
Received 27 May 2005 revised manuscript received 12 December 2005

Abstract

The correlation between the hydrogen bonding configurations and the energy band structures of hydrogenated nanocrystalline
NC silicon films has been investigated. The samples were prepared by helicon wave plasma chemical vapor deposition

technique. Raman scattering infrared absorption and optical absorption measurements were used to analyze the microstructure
hydrogen bonding configurations and energy band structures of the deposited films. Raman results indicate that distinct different
structures appear in films deposited at various substrate temperatures and there is a threshold at about 200 °C for the amorphous
silicon to be transformed to the NC phase. The energy band structures of the films are closely related to their hydrogen bonding
configurations. The chemical shift of the valance band to the lower state induced by high hydrogen content and the structural
disorder related to low substrate temperature makes the films have wide band gaps and large band tail widths. With increasing the
substrate temperature the decrease trend of optical band and tail width is mainly related to the enrichment of the hydrogen
located in the grain boundary which perform the function of terminating the dandling bonds at NC silicon grain surface. Further
increasing the substrate temperature broadens the band tail width of the films because the hydrogen content is too low to passivate

the dangling bonds at the NC silicon grain surface.
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