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Abstract: The hehavior of Sii- «Ge./Si heterostructures under different annealing conditions has
been studied. It is found that while RT A treatment diminishes the point defects. it introduces
the misfit dislocations into Sii- +Gex layers at same time. Higher annealing temperature will re—
sult in the propagation of misfit dislocations and then the total destruction of the crystal quali-

Ly.
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1 Introduction

There are two reasons for people studying on the materials annealing. Firstly, devices
with semiconductor heterostructure may unavoidably experience some high-temperature
processes during both fabrication and operation. The thermal stability of the materials is
therefore an important parameter for its application'"’; Secondly, annealing is very useful

to improve the crystal qualities of the materials as well as their optical and electrical prop—

5]

erties'”. Sii-«Ge./Si material, one of the recent focusing'” ”', with its metastable struc—

ture, it is very worthy to be paid more attention to its annealing behavior that may be af-
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fected by many factors, such as the growth temperature, the growth rate, the layer thick-

ness, the composition and the density of the defects, etc'® ”'. In this paper, we reported

the annealing behavior of Sii- :Ge./Si heterostructures.

2 Experiments and Analysis

220nm -Sio.ssGeo. 11/Si( 100) samples, grown by home-made UHV/CVD at 650°C, were
required to be given the RT A (Rapid Thermal Annealing) treatment for 60s at 700, 800,
900, 1000°C, respectively. Double Crystal X-ray Diffraction (DC-XRD) and Raman spec—
troscopy ware employed to detect the samples before and after the annealing.

(004) X-ray diffraction results are shown in Fig. 1. The peak position of SiGe layer
from as—grown samples lies at 68. 528 20) with a FWHM of 102 arcsec. Notice that the
Pendellosung stripe representing the high crystal quality and the sharp interface can be dis—
tinctly seen here. All SiGe peaks shift nearly to the peak of Si substrate after RT A process
(Fig.2). This kind of shift is accelerated at the RT A temperature higher than 700°C and
the fastest shift is observed at 800°C. With the rise in RT A temperature, the FWHM of
SiGe peaks, after a little narrowing at 700C, begins to broaden gradually and then widen

rapidly at 800°C.
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FIG.1 (004)X-Ray Diffraction of Sio.ssGen. 11/Si FIG.2 Change of FWHM and Peak Position of
Sample After Different Annealing Treatment Sio.soGen, 11/5i Samples After RT A

According to the theory of X-ray diffraction, the change of defect density will directly
affect the FWHM of diffracted peak''”. It is reasonable to assume the defect behavior in
materials during the RT A process as follows. A large quantity of point defects in the as—
grown Sii- « Ge:/Si samples will be diminished because of the position rearrangement of
quickly heated atoms: at the same time the misfit dislocations will be dereased by interac—
tion. On the other hand, the relaxation of strain in Sii- +Ge: layers will induce the propaga-
tion of dislocations, as leads to the reduction of Sii- +Ge. lattice parameter a1 and then a
shift of SiGe peak in X-ray diffraction spectrum to a smaller angles. These two kinds of

mechanisms decide the variation of SiGe peak, while a of a little narrowing FWHM during
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RTA at 700°C is decided, only by the former mechanism, then FWHM broadens behind
the position shift at 800°C because of both the initiation of strain relaxation and the contin-
uation of point defects elimination. At last, FWHM broadens rapidly at higher temperature
due to the main operation of the misfit dislocations.

The diffusion at the interface can also be investigated in Fig. 1. Interference stripe
that represents high crystal quality can be seen clearly from the as—grown samples. It re-
mains unchanged after RT A at 700°C and turns vague at 800°C because the diffusion in the
samples has already occurred. RTA at 900°C results in the disappearance of stripe due to
more serious diffusion. It is also found that the diffraction background on the right of SiGe
peak has risen to a certain extent after RTA at 800°C. We contribute this phenomenon to
the formation of low -Ge region due to the diffusion at the interface. When the RTA tem-
perature goes higher, the diffraction background will rise up gradually because the diffu-
sion has been aggravated step by step.

The relaxation of SiGe layers can be represented by coherent factor f e

ay — aw

fon= (1)

ar = Qe
where @, arand as are the lattice constant of Si substrate, the lattice constant of fully re-
laxed Sii-+Ger and the in—plane lattice constant. respectively. Formula (1) can also be
written as

al— Adoon — ar

Fonz & _ (2)

ar = Qe ar = ae

where d(os is the spacing between the neighboring (004) crystal plane. f «h has been re—
duced to 0.77 after RT A at 800°C and further to 0.6 after RT A at 1000°C.

According to the experimental results, the conclusion can be drawn that RT A below

800°C will not affect the crystal quality seriously, while RTA above 800°C will introduce

lots of bred dislocations and seriously interface
diffusion, as suggests that Sii-«Ge./Si struc—
ture should not be treated a thermal process at

800°C in any circumstances.

Intensity/a. u.

Raman spectroscopy provides a strong con-

firmation of the conclusions above. SinsGeo. 11/

Si samples after RT A at different temperatures

Raman Shift/em ™" show obvious changes in Raman detection in

Fig. 3. Red shift of Si-Ge local mode indicates

FIG.3  Raman Spectra of Sio.s0Geo. 11/Si the increase of strain relaxation, which is given
Samples After Annealing in table 1 together with the changes of stress.

It should be notice that though serious interface diffusion has occurred after RT A at

1000°C, the stress within Sii-<Ge: layer still remains. A ccording to Dietrich'""", there ex—

ists a minimum of stress, Own, in the Sii-.Ge. layer during annealing. Further annealing
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treatment, for longer time or higher temperature, will become invalid in reducing the
stress because the energy of the epitaxial layer has reached its minimum. owin having been

discussed by Houghton'"

,is a function of the thickness h, which is higher in thinner lay-
ers.

Table 1 Change of Stress and Strain with RTA Temperature in Sio. s9Geo. 11/Si Samples

T/C Aw/em” ! e/ %o T/kbar
As-Grown 3.5 7.70 13.51
700 3.2 7.03 12,35
800 2.5 5.71 9.65
900 1.5 3.30 5.79
1000 1.0 2.20 3. 86

The intensity of Si-Ge phonon mode, which can indicate the state of erystal structure,
varies correspondingly during RTA. RT A above 700°C will enhance it because of the im—
provement of crystal quality with the elimination of point defects.

A strange phenomenon of Raman mode appearance at 352em” ' is also observed in Fig.
4, which will not appear until the RT A temperature rises to higher than 900C. We con-
tribute it to the Si-LA like phonon mode, though no strong evidences have been ob-

tained' "',
3 Conclusion

The behavior of Sii- :Ge./Si heterostructures under different annealing conditions has
been studied in this paper. RTA process can affect the crystal quality by reducing the
point defects and propagating the misfit dislocations. The change of strain and stress in
Sii- +Gex layers are detected by DC-XRD and Raman spectroscopy. It has been found that
the crystal quality will be greatly decreased when the annealing temperature is higher than

800°C.
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