57 8 2008 8 Vol.57 No.8 August 2008
1000-3290/2008/57 08 /4960-06

ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.

%
1 1 1 | | |
1§ 1 2 2
1 210093
2 152-8552
2007 11 25 2008 2 29
400 nm 1D KeF
a-Si H 1D ne-Si
. 1D ne-Si
a-Si H 10 nm 4 nm ne-Si
30 nm. nc-Si nc-Si
PACC 4255G 7360 8115H
2 pum 1D ne-Si o,
nc-Si
ne-Si EBL
RIE
nc-Si 400 nm 1D PSGM a-
: : ’ Si H .
45
PECVD
ne-Si a-Si H 400 nm 1D
nc-Si ne-Si
ne-Si 2.
6 / 7
8 2.1
9 KrF
2 pm 1D A = 248 nm 30 ns.
PSGM PSGM
d=~—2— —248 nm
10 nm a-Si H “2nan-1 "
n=1.5
* 90301009 60571008 60471021 2006CB932202

. E-mail xfhuang @ netra. nju. edu. cn



8 4961
400 nm.
1 EBL  RIE
1D-PSGM AFM 1D-PSGM
. 1D-PSGM 1D
400 nm 200 nm a-Si H 1D
250 nm. ne-Si
2.4,
300 T
Nanoscope
Ml AFM
150 nm TYT64000
488 nm 1 .
Onm ne-Si JEM400 TEM
HREM ED
3.
bSO AT 2 asSi H 10 nm /Si0,/Si
1D-PSGM
2.2. 360 mJ/em’ AFM ) 2
a-Si H a-SiN, /a- a-Si H ne-Si
Si H/a-SiN, PECVD 1D 400 nm
: 13.56 MHz 30 w.  1D-PSGM ne-Si 1D
a-Si H SiH, Ar
33 Pa 250 C
0.1 nm/s. a-Si H 10 nm
107 4 nm a-SiN, 30
nm NH;  SiH, -
1:5 Ar .
a-SiN, a-Si H
0 nm
TEM .
Si0, /Si Si0, 100
500 nm.
2.3. 2 aSi H 10 nm 360 mJ/cm?
AFM
Xy
z 1D-PSGM ne-Si
9 3
a aSi H 10 nm 1D-PSGM



4962

57
nm 80 nm 5.4 nm
360 mJ/cm’ . 3 2.4 nm. 400 mJ/cm’
a-Si H b . 157 nm
3 b 480 em™' 300 mJ/em®
Si-Si TO a 480
em™! 517 em™'
ne-Si 6 1D-PSGM
1 ym
480 cm™'
ne-Si a-Si H "
3 a 517 em™!
x
ne-Si
240
i 200 |
?é(
160
12%00 ‘ 4(I)0 . 5(I)0 ‘ 600
&A% /cm™
3 aSi H 10 nm 360 mJ/cm?
a b
ne-Si
TEM HREM ED . 4 a a-SiN, /a-
Si H 10 nm /a-SiN, 380 mJ/em’
TEM . 4 a
100 nm 400 nm ED
ne-Si . 4b
HREM ne-Si
ne-Si
a-Si H 10 nm AFM 1D ne-Si
5 ) AFM 4 aSiN,/aSi H 10 nm /a-SiN, 380
480 mJ/cm’ mJ/cnt’ TEM  HREM a TEM
ED b HREM

360 mJ/em’ 234



4963

N ) § !
R 0o y i I 1onm
» : 3
~ r 8
- + X ¢ @
;‘. S a mm i b nm
‘. 0 nm i 0 nm
|
)
- 10nm =110 nm
Sam S mm
(i mm 0nm
— 1
5 aSi H 10 nm 480 400 360 300 mJ/cm? AFM a 480 mJ/em® b 400
ml/em® ¢ 360 mJ/em®  d 300 mJ/cm?
a-Si H ne-Si
4 1D-PSGM
360 mJ/cm’ 10 7 4 nm
P — a-Si H AFM nc-Si
1
7 . a-Si H
Iy|-===-q-- .
2 ne-Si
80 40 30 nm.
W a-Si H
. 6 a-Si H
0 1T 2T 3T x
6 x -
I T a-Si H ne-Si

T =400 nm



57

4964
CEEED
'.'. :. ! :’- | 10 nim
Lt 3 k]
3 ' 4 . =
» S - ‘ anm
: ! 3 :
: ; ' 0 mn
1nm
2nm
(I nm
7 10 7 4 nm a-Si H 360 mJ/cm’ AFM a 10 nm
b7nmm c¢ 4nm
a-Si H nc-Si
4. PSGM
a-Si H nc-Si
EBL RIE 30 nm.
400 nm 1D ne-Si
PSGM. PECVD Si0, /Si
a-Si H a-SiN_ /a-Si H/a-SiN,
a-Si H Rutgers State University
AFM
TEM
HREM

5 Brunets I Aarnink A AT Boogaard A Kovalgin AY Wolters R A

26 889 M Holleman J Schmitz J 2007 Surf. Coat. Technol. 201 9209
2 TangYF SilvaS R P Boskovic B O Shannon J M 2002 Appl. 6 Chou S'Y Krauss PR Zhang W Guo L Zhuang L1997 J. Vac.
Sci. Technol . B 15 2897

Phys . Lett. 80 22
3 Yanagisawa S Sato K Hirakuri K 2007 Thin Solid Films 515 7990 7 Dahlheimer B Karrer U Nebel C E Stutzmanm M 1998 J. Non-

1 Kobayashi S Imaeda M Matsumoto S 2006 Mater. Sci. Eng. C

4 JungS KimK Park DH Sohn BH JungJ C Zin W C Hwang Cryst. Solids 916 227
8 Heitmann J Miiller ¥ Zacharias M Gosele U 2005 Adv. Mater .

S Dhungel SK Yoo J YiJ2007 Mater. Sci. Eng. C 27 1452
17 795



8 4965

9 Zou HC QiaoF WuLC HuangXF LiX HanPG MaZY 10 Wang X W Qiao ¥ Zhu LY Huang X F LiJ LW L XF
Li W Chen K J 2005 Acta Phys. Sin. 54 3646 in Chinese Kang L. Chen K J 2002 J. Phys. Condens. Maiter 14 1
11 Wang L. Li ] Huang X F Li W Chen K J 2000 Appl. Surf.
2005 54 3646 Sci . 85 165

One-dimensional periodic nanocrystalline silicon arrays made
by pulsed laser interference crystallization *

Yao Yao'  Fang Zhong-Hui'  Zhou Jiang'  Li Wei'  Ma Zhong-Yuan'  Xu Jun'
Huang Xin-Fan' ©  Chen Kun-Ji'  Yasuyuki Miyamoto®  Shunri Oda’
1 State Key Laboratory of Solid State Microstructures  Department of Physics  Nanjing University ~ Nanjing 210093 China
2 Department of Physical Electronics  Tokyo Institute of Technology Tokyo 152-8552  Japan
Received 25 November 2007  revised manuscript received 29 February 2008

Abstract

One-dimensional periodic nanocrystalline silicon nc-Si  arrays were fabricated by laser interference crystallization
combined with one-dimensional phase shifting grating mask PSGM . The laser energy density irradiated on the surface of
samples with different thicknesses of a-Si H can be modulated by the PSGM with periodicity of 400 nm. Raman spectra
confirmed the crystallization of the irradiated stripe-patterned area of the samples. The transmission electron microscopic and
atomic force microscopic images demonstrate that the periodicity of one-dimensional nc-Si arrays is the same as that of the PSGM.
And by controlling the laser energy density a stripe width of 30 nm in each period was obtained as the thickness of a-Si H
decreased from 10 to 4 nm. The high resolution transmission electron microscope images show the clear crystalline lattice of nc-

Si within the stripe patterns.
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