51 10 2002 10 Vol.51 No.10 Octember 2002
1000-3290/2002/51 10 /2340-04 ACTA PHYSICA SINICA (©2002 Chin. Phys. Soc.

Si,_,_,Ge,C

y
*
+
730000
2001 12 25 2002 3 6
PECVD 200nm  SiGe C SiGe
Siy_,_,Ge,C, ) RBS FTIR
X HRXRD . C C SiGe
Si,_,_,Ge,C,
PACC 7280 6170T 8115N
°. Si,_,_, Ge,C,
1. C Si 1400°C
3 x 107 /e’ B-SiC
Ssi IV n Si,_,_,Ge,C,
b SiGe ) MBE °
.SiGe RTCVD °
SPE " Si,_,_, Ge,C,
HBT SPE Si,_,_, Ge,C,
FET _
“ Ge . C
Si 4.2% SiGe/Si
SiGe/Si lat%—2at% " .
. C SiGe B-SiC
Si,_,_,Ge,C, C .SPE
= Si .
C SiGe Si SiGe MEVVA
Siy_._,
Ge. C,/Si s ;
0 Gice  MEVVA C
P B 1 SiGe/Si SiGe

" 69876017



Si, ., Ge,C 2341

10 .G,
He 4.27MeV .
2.
C C
PECVD Si,_,_,Ge,C,
200nm SiGe 10—15Qem  p L0t
100 Si 320°C SiH, GeH,
H, 107 Pa. 2 107
=2
MEVVA C . £ 107
N
35keV 1.2%x10° 2.0x10“cm™>. % 1075
- ®
8x 107 Pa E o
N, 0 50 100 150 200 250
W /nm
two-step 1 TRIM 2 C
25 450°C 30min
C 2500
700—800°C 30min 2000 R
| A -
® 15001 T ¢ ;
R . e
FTIR Nicolet £ 1000 : ]
AVATAR 360 4em™! e 1 !
500{ ° i
300K. X HRXRD " A
0 —
Bede XRD CuKal 0.15406nm. . i . . , ,
0 200 400 600 800 1000 1200
1 Wil
C C
/10" em 2 1% /°C Sii_._,Ge,C, 2 2  RBS SIMNRA
1 0 0 700 Sig.g75 Geg. 15 C Si,_ . Ge,
2 1.2 1.4 800 Sip. 861 Geo. 125 Co 014 SiC SiC
3 2.0 2.1 750 Sig.gs54 Geo. 125 Co.021
C . Si
C 605¢m ™! Si-C
C-LVM SiC 800cm ™
3 . 16 17
. FTIR C
. Kulik C
1 16
RBS
TRIM 2 C
C 1 C 3 2 FTIR
2 2 605¢m ™!
RBS SIMNRA 800cm ™' ) C
2.0MeV He RBS C SiC
RBS C C



51

2342
C .
8.21
C-LVM EP S L Ge,C,
2 SiGe
=1
2 Si SiGe
it
=
=
108
10°F
: . - : —n—1 °
500 600 700 800 900 1000 |
B/ em!
3 2 FTIR e
~
-
Vegard law =
Sil —x-y Gex Cy aSiC(',C
18
1072 : - - :
ascec = 1 - % -y ag + xag + yac 1 68.6  68.8  69.0  69.2  69.4
as Qg Ag Si Ge C 26/C)
1 4 HRXRD 004
GelC Si,_,_,Ge,C,
3 Ge/C
Ge/C Si,_, G,
Rcomp 1 Sl
Ruw = a5 —-a, | ag —ag =8.20:1. 2 Si
C 8.2 Ge
HRXRD 4.
4 1—3 HRXRD
Si 004 C SiGe
69.1 SiGe Si,_,_, Ge,C,
SiGe Si RBS FTIR HRXRD
C C Si
2 Ge .
Si 3 Si C SiGe
2 SiGe
Ge/C 8.93

8.21



10 Sij_,_,Ge,C, 2343
1 Soref R A 1996 J. Vac . Sci . Technol . A 14 913 12 Strane ] W Stein H J Lee S R Picraux S T and Mayer J] W 1993
2 People R 1986 [EEE J. Quantum Electron QE-22 1696 Appl . Phys . Lett . 63 2786
3 Soref R A 1991 J. Appl . Phys . 70 2470 13 WangYS LiJM Wang Y B Wang Y T Sun G S and Lin L Y 2001
4 Ohfuti M Awano Y and Yokoyama N 1999 Phys. Rev. B 60 15515 Acta Phys . Sin. 50 1329 in Chinese
5 Eberl K Iyer SS Zollner S Tsang J C and LeGoues F K 1992 Appl . 2001 50 1329
Phys . Leit . 60 3033 14 Zhang T Wang X Liang H Zhang H Zhou G Sun G Zhao W and
6 Liu CW Tseng Y D Chern MY Chang C L and Sturm J C 1999 J. Xue J 1996 Surf. Coat . Technol . 83 820
Appl . Phys . 85 2124 15 LuXQ Wang Y Y Cheng W J Zhang J and Ma S Y Acta Metallur-
7 Lu X and Cheung N W 1996 Appl . Phys . Leit . 69 1915 gica Sinica  English letters in press
8 Osten H J Bugiel E and Zaumseil P 1994 Appl . Phys . Lett . 64 3440 16 Kulik L V Guedj C Dashiell M W Kolodzey J and Hairie A 1999
9 St Amour A Liu C W Sturm J C Lacroix Y and Thewalt M L M Phys . Rev. B 59 15753
1995 Appl . Phys . Leit . 67 3915 17 Strane ] W Stein H J Picraux S T Watanable J K and Mayer ] W
10 Chang C L Sturm J C 1999 Appl . Phys . Lett . 74 2501 1994 J. Appl . Phys. 76 3656
11 Boler P Stehle J L Fogarassy E 1999 Appl. Surf. Sci. 138—139 18  Windl W Sankey O F and Menendez J 1998 Phys. Rev. B 57 2431
199 19  Rucker H and Methfessel M 1995 Phys. Rev. B 52 11509

Preparation of Si,_,_,Ge,C, semiconductor films on Si
by ion implantation and solid phase epitaxy *

Liu Xue-Qin  Wang Yin-Yue

Zhen Cong-Mian Zhang Jing Yang Ying-Hu

Guo Yong-Ping

Department of Physics Lanzhou University Lanzhouw 730000 China

Received 25 December 2001

Abstract
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Si; - «- ,Ge, C, ternary alloy semiconductor films were prepared on Si 100 substrates by C ion implanting SiGe films and

subsequest solid phase epitaxy SPE .Two-step annealing technique was employed in the SPE processing. The properties of the

alloy films were determined using Rutherford backscattering spectroscopy RBS ~ Fourier transform infrared spectroscopy FTIR

and High-resolution x-ray diffraction HRXRD measurements. It is shown that C atoms are located at substitutional sites and the

incorporation of C relieves the compressive strain in the SiGe layer.
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