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Abstract — The epitaxial growth of Ge on the clean and surfactant (Sn) adsorbed surface of Ge(111)
was studied by the intensity oscillation of a RHEED specular spot. In the case of epitaxial growth
without the adsorbed surfactant, the RHEED intensity oscillation was stable and periodic up to 24 ML at
the substrate temperature of 200°C. Therefore the optimum temperature for the epitaxial growth of Ge
on clean Ge (111) seems to be 200°C. However, in the case of epitaxial growth with the adsorbed sur-
factant, the irregular oscillations are observed in the early stage of the growth. The RHEED intensity
oscillation was very stable and periodic up to 38 ML, and the d2 X 2 structure was not charged with con-
tinued adsorption of Ge at the substrate temperature of 200°C. These results may be explained by the
fact that the diffusion length of Ge atoms is increased by decreasing the activation energy of the Ge
surface diffusion, resulted by segregation of Sn toward the growing surface.
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Fig. 1. The reversible phase diagram of Ge(111) surface
versus substrate temperature and thickness of Sn.
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Fig. 2. (a) Ge(111)-Sn(0.1~0.3 ML), 1x 1 structure, (b) Ge(111)-Sn{0.3~0.55 ML), 7% 7 structure, (c) Ge(111)-Sn(0.55~
(.75 ML), 7x 7+5x 5 structure, (d) Ge(111)-Sn(0.75~0.9 ML), 5X 5 structure.
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Fig. 3. Intensity oscillations of specular spot during grow-

th of Ge on Ge(111) in the [112] incidence. The electron
energy is 20 keV, the glancing angle is 4°, and the sub-
strate temperature are room temperature, 150°C, 200°C,
300°C.
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Fig. 4. Intensity oscillations of specular spot during grow-
th of Ge on Sn(0.5 ML)/Ge(111) in the [112] incidence.
The electron energy is 20 keV, the glancing angle is 4,
and the substrate temperature are room temperature, 150°C,
200°C, 300°C.
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35 40

i Snst F Gedtel whztgo] £715o] Sno] FH
o7 Ald BAFH L ] Ged ol Al whebA
Geo] 24470l £11 5ot 14].

4.4 EBE
RHEEDA+S] ALwAl® 7h59) F7]2¢] 2% & o]
&3to] Ge(111) ERANA Geo] F344E =AM
4 AdSES FRobA] 4% A, 7= A
o 150°Ce| M= Z7]3 A%e] 1 ML #7142 ¥ 1
200"CE-E1 2ML F7] *% + ERom 200°Co) Ayt

Hel Bert HHHA 24 ML 713 08 MFehs
RN ]giur 74]:5;11’» Sn 0.5 MLE Ge(111)E%
2o BHAIZ & Ged ol A 7| FHE% 150°Coll A 1
ML #7144 QEdM 2ML F7]4 2 Hah= Aol &
2520} 000N 4aslel Bide Qgol
L}-E}“J 0111 u}x# /]-L o] _’_7] 3| o] o Lo] 3111——3].1] 0}9_
A% Reh o 2 %0 MLl BEH9Lo
B Geo] Aste ¢t d2x2 F29 Wbt glodh

Ao

o AWFESHO] WFHEOT HYAA HoZ B
Sefein) ER G FH oUAT welFa
AgE HolFoh

ZHAR| 2
of AFE 1979% W&F 7| EAshSAATH
A9 93 A9
3nEs

1. Y. W. Mo and M. G. Lagally, Surf. Sci. 248, 313
(1991).

2. A. Myers-Beaghton and D.D. Vvedensky, Appl.
Phys. Lett. §9, 2013 (1991).

3. T. Yokosuka, M. Wilby, D.D. Vveden. sky, T.
Kawamura, K. Fukutani and S. Ino, Appl. Phys. Lett.
62, 1673 (1993).

4. J. Aarts and K. Larsen, Surf. Sci. 188, 391 (1987).

5. S. Clarke, M. Wilby, D.D. Vvedensky, T.
Kawamura and T. Sakamoto, Appl. Phys. Lett. 54,
2417 (1987).

6. T. Narusawa and W. M. Gibson, Phys. Rev. Lett. 47,
1459 (1981).

7. C. Tatsuyama, H. Ueba and Y. Kataoka, Appl. Surf.
Sci. 33/34, 457 (1988).

8. T. Yao, H. Nakao, H. Kawanami, R. Toba, J. Cryst.
Growth. 95, 107 (1989).

9. M. Akiyama, Y. Kawarada and K. Kaminishi, J.
Cryst. Growth. 68, 21 (1984).

10. K. Suzuki, A. Sawabe, H. Yasuda and T. Inuzuka,
Appl Phys. Lett. 50, 728 (1987).

11 L%, AAHERIYRL. 61(2), 126 (1992)

12. T. Ichikawa and S. Ino, Surf. Sci. 105, 395 (1981).

13. S. Harris, Surf. Sci. 311, L712 (1994).

14. M. Bertucci, G. Le Lay, M. Manneville and R. Kem,
Surf. Sci. 85, 471 (1979).

Journal of the Korean Vacuum Society, Vol. 7, No. 2, 1998



