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Fig.1 Insitu RHEED pattern during growth (a) After Si buff-
er layer deposition; (b) After SiGe buffer layer deposition; (c)
After low temperature Ge buffer layer deposition; (d) After
high temperature Ge growth
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Fig.2
on SiGe buffer layer (sample 070614) and high temperature Ge

w20 X-ray diffraction profiles of low-temperature Ge

epilayer (sample 070615) around the (004) plane
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Fig.3 Raman spectra of low temperature Ge on SiGe buffer
layer (sample 0170614) and high temperature Ge epitaxial layer
(sample 0170615) (laser wavelength A="514. 5nm)
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Fig.4 5pmX5um tapping mode AFM images of the surface of
the samples (a) Sample 070614, low-temperature Ge on SiGe
buffer layer; (b) Sample 070615, high-temperature Ge on low
Vertical scan and RMS

roughness are 50 and 4nm,12 and 0.9nm,respectively.

temperature Ge and SiGe buffer layer

T—A /N BN & Ge 19 9% Raman 1M | 58 42l
B Ge 2. Ge-Ge B & {7 4 300. 8em ™', & W] 3
MAKE Ge RPN I WIEAK olem™) = w —
be | swo = 300.8, b = 400", ik i Ge 2 W FE &
(070614) 5t i &£ 2l 89% - Ge &2 e i Jy 5 AR K T & il
Ge JZHE i (070615) il 7432 H i 100% (106% ) 5 15 B
Ge JZ3Z 25K W 77 5K W J1 K /N R 0. 24% . Raman 3% il
RN AR RS XRD A 45 R AR % — 3. A ah 070614
F1 070615 Ge-Ge 12 /& %43 %)~ 5.2 #1 5. 5em ™,
2B b MR T AR AT

KHRET BRI T Ge )ZREES. E 4
Pis B B Ve B R 5pm X 5pm. 7 SiGe
2 FAME AR Ge 2 CnE 4 ) i) TR TR 21K
Gt R MEHLRE B2 R ik 12nm AIGE Ge 24 K AEGE SiGe
G2 L AERKS RSP RA KIS (RHEED Bl £ L
PR 2 X1 K80 il BRI JE E AT AR R AR T AR K

PSS 58 8 I WISl JS B 070615 A 2 100 Nomarski )t 2% 2 3 /4]
Fig.5 Nomarski optical image of the etched surface of sample
070615

W Ge 7€ SiGe % #h 2 ik B . £ KR Ge 2 1
ARFEAE K SE R Ge J5 CANEL 4(b) iR » F i A2 13 4E #
SR AT A AN [R) DX 8 2% TETRELRE B2 34 R 0. 9nm, 58 42 il
R AR AR T L A A R S R 2R AE
Nomaski Jf2% i U T U800 ) B R 25 B an &) 5 s, K]
PR Sk TR Dy BRI A0 R R BT AR R TR WS E
TRELAI #5511 cross-hatch EIE , X 11 A~ X 5 &5
Mg R AT, MBI KM L EE AR 5 X
10°cm ™. b Loh % AW A= K 9 B i 109 007 45 2% i (6 X
10°em ™ ) PEAR T — M EE .

4+ i

K H UHV/CVD &% . 454 Sio.rr Geo.os AR Ge
Zemh )2 e Si SIS B AME A K BT )R Ge J2 . U
AR R R Ge JZ B AT R #2550 i AP 38 1 3%
T o 22 TETRLRE 24X 0. 9nme XU 2 X 77 5 A1 Ra-
man 3% 75 (9 2 5 98 700 5 5307F 5. Sem 'L Z AV
BE/NF 5x10°em . Ge J2 B TR L 32 21— & (1 5K i
T35 2505 0. 2% %A BRI O ST R4 1 e 1 T FDEH
TR R Bt E RN G .

2% 3k

[ 1] Minjoo L L,Eugene A F,Mayank T B.et al. Strained Si,SiGe.and
Ge channels for high-mobility metal-oxide-semiconductor field-
effect transistors.J Appl Phys,2005,97(1):011101

[ 2] Colace L,Masini G, Galluzzi F,et al. Metal-semiconductor-metal
near-infrared light detector based on epitaxial Ge/Si. Appl Phys
Lett,1998,72(24) .3175

[ 3] LuoG,Hsieh Y C,Chang H E, et al. High-speed GaAs metal gate
semiconductor field effect transistor structure grown on a com-
posite Ge/Ge,Si;-/Si substrate. J Appl Phys. 2007, 101 (8) .
084501

[4] Currie M T, Samavedam S B. Langdo T A, et al. Controlling
threading dislocation densities in Ge on Si using graded SiGe lay-
ers and chemical-mechanical polishing. Appl Phys Lett, 1998, 72
(14) :1718

[5] OhJ,Campbell J C, Thomas S G, et al. Interdigitated Ge p-i-n
photodetectors fabricated on a Si substrate using graded SiGe
buffer layers. IEEE J Quantum Electron,2002,38(9) :1238



318 SR A N 4 920 %
[6] Luo G,Yang T H,Chang E Y,et al. Growth of high-quality Ge seed layer on material quality of epitaxial germanium on silicon
epitaxial layers on Si (100).Jpn J Appl Phys,2003,42.L517 deposited by low pressure chemical vapor deposition. Thin Solid
[ 7] Huang Z,Kong N,Guo X, et al. 21-GHz-bandwidth germanium- Films,2006,508(1/2) :14
on-silicon photodiode using thin SiGe buffer layers. IEEE J Sel [12] Nakatsuru J,Date H,Mashiro S,et al. Growth of high quality Ge
Topics Quantum Electron,2006,12(6) :1450 epitaxial layer on Si(100) substrate using ultra thin Sip.s Geo.s
[ 8] Luan H C,Lim D R,Lee K K,et al. High-quality Ge epilayers on buffer. Mater Res Soc Symp Proc,2006,891:EE07-24.01
Si with low threading-dislocation densities. Appl Phys Lett,1999, [13] Loh T H.Nguyen H S, Tung C H,et al. Ultrathin low temperature
75(19) :2909 SiGe buffer for the growth of high quality Ge epilayer on Si(100)
[ 9] Hartmann J M, Abbadie A,Papon A M,et al. Reduced pressure- by ultrahigh vacuum chemical vapor deposition. Appl Phys Lett,
chemical vapor deposition of Ge thick layers on Si(001) for 1.3- 2007,90(9) :092108
1. 55 ym photodetection.J Appl Phys,2004,95(10) :5905 [14] Weinstein B A,Cardona M. Second-order Raman spectrum of ger-
[10] Halbwax M,Bouchier D, Yam V,et al. Kinetics of Ge growth at manium. Phys Rev B,1973,7:2545
low temperature on Si(001) by ultrahigh vacuum chemical vapor [15] Tan P H,Brunner K.Bougeard D, et al. Raman characterization

[11]

(2 State Key Laboratory of Integrated Optoelectronics , Institute of Semiconductors, Chinese Academy of Sciences. Beijing

deposition.J Appl Phys,2005,97(6) :064907
Olubuyide O O, Danielson D T, Kimerling L C, et al. Impact of

of strain and composition in small-sized self-assembled Si/Ge
dots. Phys Rev B,2003,68(12) :125302

Growth of Thick Ge Epitaxial Layers with Low Dislocation Density
on Silicon Substrate by UHV/CVD"*
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Abstract: Thick Ge epitaxial layers are grown on Si(001) substrates with low temperature buffer layers with ultra-high vacuum

chemical vapor deposition systems using Si; H¢ and GeH, as precursors. The deposition process of the Ge layer on Si is investigated in

real time by reflection high-energy electron diffraction,and the quality of the Ge layer was evaluated by atomic force microscopy,

double crystal X-ray diffraction (XRD),and Raman measurement. The root-mean-square surface roughness of the Ge epilayer with a
thickness of 550nm is less than 1nm and the full-width-at-half maximum of the Ge peak of the XRD profile and the Ge-Ge mode of

the Raman spectra are about 530 and 5. 5cm ™

1

,respectively. These measurements indicate that the Ge epitaxial layer is of good qual-

ity. The etch pit density related to threading dislocations is less than 5X 10°cm 2. This is a promising material for Si-based long wave-

length photodetectors and electronic devices
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