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Effects of Si,-,.Ge, : C buffers’ Growth Parameters on
Ge films by Chemical Vapor Deposition
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Abstract In this work, Ge films have been deposited on Si (100) substrates with the Si;—, Ge, : C buffer by
chemical vapor deposition method. X-ray diffraction,scanning electron microscopy and Raman diffusion spectra were
applied to characterize the Ge/Si;—, Ge, : C/Si samples. The results show that the concentration of Ge atoms in
Si; ., Ge,

C buffer decreases while the growth temperature of the buffer increasing, this is related to the diffusing of Ge atoms

: C buffer declines gradually from the surface to the substrate and the average Ge content in the Si,—, Ge, :

due to the higher growth temperature (780~ 820C). Ge films grown on the Sij—, Ge, : C buffer have only one
crystal orientation and the crystal quality of Ge films decreases while the growth temperature increases.
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Table 1 The growth temperature and time of Si,—,Ge, : C/Si and Ge/Si,—,Ge, : C/Si samples

Sample Si,—,Ge, * C buffer Si,—,Ge, * C buffer Ge films growth Ge films growth
number growth temperature/ C growth time /min temperature / C time /min

1 760 60 — —

2 760 60 610 60

3 790 60 — —

4 790 60 610 60

B 820 60 — —

6 820 60 610 60
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Fig. 1 X—ray diffraction spectra of Si;—,Ge, : C/Si Samples (a) and Ge/Si,—,Ge, : C/Si (b) Samples

K 2 BRT Ge/Si,_ . Ge, * C/Si £ 541 Raman
ORI 2 R, BR TR A SRS IR Si— Siolg
(520 cm™ D M Ge #MEE )2 AY Ge-Ge 1§ (301 cm '),
TERE ) 4 (610°C/790°C)  FE i 6 (610°C/820C) Ay
Raman 3% o, 38 0] DL 26 B F Sy, Ge, * C 2§
WIZEHALTF 410 e R Si-Ge W, 5388, BES
4 7E 480 em ' Ak Y I GE vl )2 1Y Si-Shyue 1 T FE S
6 114 Si-Siyure W 1 I AE 488 em ' Ak, Siy, Ge, &
4 rh Si-Si W ' 2 4 U AR 5 A 40 1Y RO G R 2
RPN wss =520— 702, I AT LE . Si-Si
WA [r) o B A — I 4 Bl B8 ik — 2D BB T G2 R Ge
(1)1 25 20 53 Bifi 25 2 )23 A A L B 1) P v T ARG

[ Ge-Ge

Raman intensity /(a.u.)

Ge:TO+TA(K)
1

200 300 400 500 600 700
Raman shift /cm™!

Bl 2 Ge/Sii—,Ge, : C/Si# 5 #) Raman ji
Fig. 2 Raman scattering spectra of
Ge/Siy . Ge, : C/Si samples
TERES 2(610C /760 C) Y Raman J& ., WA
ML 2 XF BT Si-, Ge, = C Z i E R, AL T 410
em” AT Si-Ge W1 480 cm " B AL Y Si-Siiuer
W XA P — R T 2% o 2 A IR IR A
T Ge Ji7H1 Si 5B Y HL. A AR
FAME Ge W IR AE B 2 1) Ge 2H 70 Wi A2 /Y Si -,

Ge, : CEMWZ., 74, ££ 390 cm " B3 0L 5] —
FROGE 55 55 i 38 o TF 5 AT 0 e B R T Ge 7E A
HIMKX K & TO fil TA WETFHREGZBM, X5
Yang (00025 R ASF . FLE = ANFE S ) Raman
R LRI = AREE Y Ge-Ge 18(301 em ') 2
FUETEH A T em T, MR RLFESL 4 1 Ge-Ge
W P 58 B Ok Jie i, X R B TE 790 CAE K1) Siy -, Ge,
s CEMR EAME TS Ge W I 1Y 5 1A 5 & 581
XEZEHFARKBEE PR S, Ge, : CEpJEp
Ge 2143 B Aef JIG 1] A1 48 22 5 1) 326 7 3 s or T 2% o
JZRBN Ge H 8K /N T Ge 4ME 2 FI
Sy, Ge, * CZZZ A A% KA. X HIME Ge
WL XRD 45 L AAF . #Ed 4.6 1) Raman %5287
fICRE v A7 76 B X FR B 98 . 45 & R B BE 1 CAES)
H.oxX 5 Si-,Ge, * CAHMEJZ T Ge 44y B TR E
i AR AT 5 B T R R A A R B A1
Xt Ge/Si, ,Ge, = C/Si B 5 47 AES Il & D)
LI T 4] £ W R Ge J5 7 16 E 40 Lo VR B 2 LB TR
JEM AL, Bl 3 4 Ge/Sii . Ge, + C/Si FEfh T
AES %, R 8 THRON FT SO0 I 5 2 X, w]
LB HFES 2 o Ge J5 7 W 3 76 2610 Ab e R, 40K
St E] 3 B 800 s B Ge J5 7 ¥ Ji PRkl T B 31 45250
0, 38 1 P15 AT e e i BB B T4 15 nm i i
S5 T SRR B B R) A ED R Y Sty Ge, 2 C R )2
XL FE T 7E XRD, Raman ({25 R %A K5 2%
PRZ AR R WG . FE S 4.6 Ge J T IR EE
H 2R 10 AT ISR TR 0% T e, T 2% o )2 A KO
B CRE G 60 FER R Ge JEFIREE /N, Ge
JEF T 4 JES 1] (R BRI 3 T RT A
FEd 4.6 28 w209 R B 43 i 29 140 nm, 180



1208 2l 5]

oo e 36 &

nm, X3R4 G 0P R AR KR B AR — E T F N A L
s AR R IR A F] T Ge 57 ) 4 JE 5 1) (9 4
BUMASBETE W 1Y Ge A3 21y Sl Ge, = C
Zewp)2, MAEKRE LR, Si-,Ge, : CHEpZ
e Ge J5UT- 50Kk A RS IR A SR 89 BRSO 1%
MR FEGEMIZMRIZ T Ge Hp AR, TR
ZE v R MAIME Ge W 2 6] 19 i A% R TE . A H T 15
P R R R ANE Ge HEBE. & 3 AT LA H
FEdh 4 Y Ge JEIRAY IS BE 20 30 nm Ry ik Sk &<
AU I 1) 45 21D o MG 7E S B SME Ge i
B I PR . Fi4h % Ge/Siy -, Ge, = C/Si # i ik
170 AES i 5 b a] DOULIN 21 2% op 2 o C I 147
TE . FE T RO Sk BE 290 100 5 5 IR o 43 % 1
i W 5 R 2 TR 200 o B8 0 5 22 A AE . SUR Bl
FI AL A 002 25 28 1 AN R o it W R C R T
e AL

100

T, . =760C

buffer

e

o]
(=]

T, e =790°C

buffer

s/

Atomic concentration /%

40+
20 T, =820°C
i /
O L
0 2000 4000 6000

Sputter time /s!

K 3 B AES A& Ge/St,,Ge, * C/Si
FES Y Ge JFR T
Fig. 3 Ge atomic concentration of Ge/Si;—,Ge, * C/Si

samples obtained from AES measurement

4 % i

H CVD Jiik7E SIQ0O R R EAK T Ge H 41
WS Sty Ge, = CZE P2, SEI7EH EAMEA: K
T Gel i .58 7 Sii . Ge, * CEMEM A& KR
JE XA EAMNEAE K Ge WA . 45 R %
B:Si,Ge, + CEMIZHMN Ge JE TR B R M &
b IS 7 1) 32 7 A o JFLSF- 2 20 43 B A A K R T
R, X 55 m AR KR (760~820 C) Fir 33

(9 BT BB A OG5 fE Sy, Ge, + C Z2 bR B Ab
IEAE R Ge W B AT 81— (1 ff A1) )R 2
B AE Si b ERAME Ge W 9 1 505 5, R Y
PR o Ak It L BE 1) T T AR

Z & X #t
Friedrich Schaffler. High-mobility Si and Ge structures [ ] ].
Semicond Sci Technol, 1997, 12. 1515
People R. Physics and applications of Ge, Sij—,/Si strainedlayer
heterostructures[ J . IEEE J. Quant. Electron., 1986, 22(9) .
1696~1710
Srikanth, B Samavedam. E. A. Fitzgerald. Novel dislocation

—

Do

o

structure and surface morphology effects in relaxed Ge/Si-Ge
(graded) /Si structures[J]. J. Appl. Phys., 1997, 81. 3108
M. T. Currie, S. B. Samavedam, T. A. Langdo e al..

Controlling threading dislocation densities in Ge on Si using

S

graded SiGe layers and chemical-mechanical polishing[ J]. Appl.
Phys. Lett., 1998, 72. 1718
Liu Jialei, Liang Renrong, Wang Jing et al.. Growth of Ge layer

ol

on relaxed Ge-rich SiGe by ultrahigh vacuum chemical vapor
deposition[J]. Tsinghua Science and Technology, 2007, 12(6) ;
747~751
XER, B £ W RS ES R RV B
B E W LA RKEAERIT]. &4 R % F R CGEREND .,
2007, 12(6): 747~751

6 H. J. Osten, B. Heinemann., D. Knoll et al.. Effects of carbon
on boron diffusion in SiGe: principles and impact on bipolar
devices[J 1. J. Vac. Sci. Technol. B, 1998, 16: 1750

7 H. J. Osten, D. Knoll, H. Rucker. Dopant diffusion control by
adding carbon into Si and SiGe: principles and device application
[J]. Materials Science and Engineering B, 2001, 87 262

Li Na, Jiang Zuimin. The development of optoelectronic

[oe]

integrated devices between Silicon waveguide and GeSi/Si

superlattice photodetector[ J]. Acta Optica Sinica, 1998, 18(4):

471~473

2 L R REIEIE TS GeSi/SiiB S A% G H R I 2% 22 1] %

BRI RERILT ] % 3R, 1998, 18(4): 471~473

Zhang Ruizhi, Luo Jinsheng. Spectroscopic ellipsometry of Si/Ge

strain layer superlattice[ J]. Acta Optica Sinica, 1997, 17(7):

870~873

KGR B E AL Si/Ge NAE R B A OGS ). k¥ R,

1997, 17(7) . 870~873

10 M. 1. Alonso, K. Winter. Raman spectra of c- Si;—, Ge, alloys
[J]. Phys. Rev. B. 1989, 39. 10056

11 B. K. Yang, M. Krishnamurthy, W. H. Weber. Incorporation
and stability of carbon during low-temperature epitaxial growth of
Ge;—,C, (x <<0. 1) alloys on Si (100): Microstructural and
Raman studies[J]. J. Appl. Phys., 1997, 82. 3287

12 Wang Ronghua, Han Ping. Xia Dongmei. Chemical vapor

: C buffer[J]. Chinese J.

©

deposition of Ge films on Si;—, Ge,
Semiconductors, 2006, 27. 151~154
TR, W P, EAM %, S .Ge, t CEWZ I Ge HEBLH
CVDSMEA KT ] F F4K F 4R .2006. 27 151~154



