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Ge thin films on Si substrate and thermal annealing effect on their
properties

ZHENG Yuaryu, LI Cheng” , CHEN Yang hua, LAI Hong kai, CHEN Song-yan

(Semiconductor Photonics Research Center, Department of Physics, Xiamen U niversity, Xiamen 361005, China)

Abstract: T he thermal stability of strained Ge films on Si substrate is critical for applications in eled ronic
and optoelectronic devices. In this paper, the Ge thin films under tensile strain were grown on Si sub-
strate with low temperature Ge buffer layer by ultra high vacuum chemical vapor deposition. The TEM
image indicates that there are low threading dislocations in the top high temperature Ge layers. T he root
mearr square surface roughness of the Ge epilayer is about 1. 2 nm which was evaluated by atomic force
microscopy. T he thermal annealing effed on the Ge thin film properties was investigated by double arys
tal X-ray diffradion ( DCXRD) and Raman measurement. The tensile strain in the Ge films increases lir
early with the annealing temperature increasing from 650 Cto 850 ‘C. When the annealing t em perature
increases up to 850 C, serious St Ge intermixing is inferred from the X ray diffraction rocking curves
and Raman spectra, which modulates the room temperature photoluminescence spectrum significantly and
affects the properties of Ge films.
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Fig.2 1Hmx 1 Mm AFM images (a) the surface

o low temperature Ge buffer layer,

and (b) the surface of higr temperature Ge epilayer
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Tab.1 Theoreticd value and experimental result of the tensile strain of the as grown sample
and the samples anneded a different temperature
NO Annealing temperature T ensile strain Strain relaxation T ensile strain T ensile strain
: [ (by DCXRD)/ % (by DCXRD)/ % (by Raman)/ % (theoretical) / %
A 600( As grown) 0.08 102.0 0.09 0.21
B 650 0.12 103.0 0.13 0.23
C 750 0. 14 103.5 0.15 0.27
D 850 0.26 106. 5 0.28 0.32
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