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High performance SiGe-based heterodevices require
high Ge fraction and it is essential to suppress the
intermixing between Si and Ge at Si/SiGe heterointerface.
It was reported that C introduction into SiGe
heterostructure is effective to control lattice strain and B
diffusion [1]. In our previous work, it was reported that
the intermixing between S and Ge a Si/Ge
heterointerface during heat treatment is suppressed by the
existence of C atom at the interface [2]. In the present
work, C atomic order doping a Si/SipsGeys/S
heterointerface and the redistribution of Ge fraction
during heat treatment is investigated.

The 3nm-thick Si/snm-thick strained SigsGeys/Si
heterostructure was epitaxially grown at 450-500°C by
low pressure chemical vapor deposition using the SiH,4-
GeH, gas system [3]. The atomic layer order doping of C
to the Si/SigsGeys/Si heterointerface was performed at
400-500°C by SiH3;CHj5 reaction [4]. Some of the samples
were heat-trested at 700-750°C for 1lhour in H,
atmosphere. C atom amount at Si/SipsGeys/Si
heterointerface was evaluated by repetition of 0.6-1.3nm-
thick wet etching and X-ray photoelectron
spectroscopy(XPS) measurement. The distribution of Ge
fraction in Si/SigsGeys/Si  heterostructure was aso
evaluated by the above depth profile measurement
method and X-ray diffraction(XRD).

At the Si/SigsGey 5 heterointerface (surface side), the C
atom amount is 1.1x10"cm? and amost equal to the
initial amount (9.0x10cm®) before the Si capping
deposition. However, at the SigsGeys/Si heterointerface
(substrate side), the C atom amount is 1.6x10"cm? and
smaller than the initial amount (5.8x10%%cm™®) before the
SipsGeys deposition. Depth dependence of Ge 3d XPS
intensity of Si/SigsGeys/Si and  Si/SigsG€p.494Co.006/ Si
heterostructures before and after heat treatment at 700°C
is shown in Fig. 1. The redistribution of Ge fraction due
to heat treatment is scarcely influenced by C addition.

XRD rocking curves of Si/SigsGeys/Si  and
Si/ClSigsGeys/C/S heterostructures are shown in Fig. 2.
The curve of Si/C/SisGeys/C/ISi is nearly the same as
that of Si/SigsGeys/Si, in other words, Si/C/SigsGeys/C/Si
heterostructure has similar strain as Si/SigsGeys/Si. The
Ge fraction profile in  S/SigsGeys/Si and
Si/CISipsGeys/C/S are shown in Fig. 3. It is found that
the redistribution of Ge fraction in Si/SigsGeys/Si during
heat treatment is suppressed by C incorporation. It is
considered that this interface strain is dispersed by C
incorporation.

References

1. H. Rucker, B. Heinemann, D. Bolze, R. Kurps, D.
Kriger, G. Lippert and H. J. Osten, Appl. Phys.
Lett. 74(1999) 3377.

2. K. Takahashi, M. Fujiu, M. Sakuraba and J. Murota,
Appl. Surf. Sci., 212-213 (2003) 193.

Ge 3d XPS Intensity (Arb. Unit)

3. J Murotaand S. Ono, Jpn. J. Appl. Phys. 33 (1994)
2290.

4. T. Takatsuka, M. Fujiu, M. Sakuraba, T. Matsuura
and J. Murota, Appl. Surf. Sci. 162-163 (2000) 156.

1.0 1.0 T v
O: As Depo. :E: O: As Depo.
700 S V:700°C
oskh V:700°C > os}
<
0.6} Capping Si<Interface > SiGe 2 o6l Capping Si < Interface > SiGeC |
oy 2 v
| 2 !
0.41 o o 0.4}
0.2} 5 0.9nm & 0.2t . PN
— @ . '5’ el 1.1nm
M - o ®: @
o (]

1 2 3 4 5
Depth from Surface (nm)

(b) Si/Sio5G€y.494C0.006/Si

0 1 2 3 4 5
Depth from Surface (nm)

(8) Si/SiosGeps/Si

o

Fig. 1. Depth dependence of Ge 3d XPS intensity from
Si/Sig5Gey 5/Si and Si/Sig5Gep.494Co.006/ S heterostructures
before and after heat treatment at 700°C for Lhour in H,
atmosphere. Interface positions shown by arrows are
determined by XRD measurement.
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Fig. 2. XRD rocking curves of Si/SigsGeys/Si and
Si/C/Sig5Geys/C/Si heterostructures.
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Fig. 3. Estimated Ge distribution of Si/SiysGeys/Si and
Si/C/SisGeys/C/Si heterostructures before and after heat
treatment. Solid lines are determined by XRD measurement.



