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Abstract: The temperature is a key factor for the quality of the SiGe alloy grown by D-UHV/CVD. In conventional con-

ditions, the lowest temperature for SiGe growth is about 550°C . Generally, the pressure of the growth chamber is about

10"°Pa when liquid nitrogen is introduced into the wall of the growth chamber with the flux of 6sccm of the disilane gas.

We have succeeded in depositing SiGe films at much lower temperature using a novel method. It is about 10~ *Pa without

liquid nitrogen,about 3 magnitudes higher than the traditional method,leading to much faster deposition rate. Without lig-
uid nitrogen,the SiGe film and SiGe/Si superlattice are grown at 485C . The DCXRD curves and TEM image show that
the quality of the film is good. The experiments show that this method is efficient to deposit SiGe at low temperature.
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1 Introduction

SiGe alloy is an important optoelectronic semi-
conductor material. Because of its modulatory band-
gap and compatible characteristics with the CMOS
processes, many efforts have been devoted to creating
novel optoclectronic devices using strained SiGe/Si
heterostructure'’ ™. Nowadays, many novel silicon-
based devices have been developed, such as hetero-
structure bipolar transistors (HBT)", high electron
mobility transistors ( HEMT), SiGe multi-quantum-
well infrared photodetectors, SiGe resonant tunneling
diodes (RTD), and negative resistance field-effect
transistors (NERFET).

The SiGe alloy is traditionally grown by double
chamber ultra high vacuum chemical vapor deposition
(D-UHV/CVD). Because of the gas sources used in
the D-UHV/CVD system, the growth temperature is
usually higher than 550C"’. The temperature, which
seriously affects the SiGe film’s growth rate, surface
quality,and defects,is an important parameter for the
SiGe film growth. The higher the growth temperature
is, the higher growth rates are. But with higher
growth temperature, the interface interdiffusion will
become serious and the SiGe film will have more de-
fects such as dislocations, leading to rough surfaces and
depressing the quality of the device. So it is an important
aim to decrease the deposition temperature.

In the conventional process of the SiGe deposi-
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tion by D-UHV/CVD, liquid nitrogen is introduced
into the wall of the growth chamber. It maintains the
low temperature of the wall and makes the growth
pressure very low. In this paper.a novel and efficient
method without liquid nitrogen to deposit the SiGe
film at much lower temperature is introduced.

2 Experiment

The epitaxy system is ultra high vacuum chemical
vapor deposition (UHV-CVD), which is shown in
Fig. 1. This system is homemade and has many advan-
tages'® . It has two growth chambers with a quadru-
pole mass spectrometer (QMS) . The basic pressure of
cach growth chamber is ultra low, about 2 X 107% Pa,
and the temperature of the heater in the growth
chamber can reach 1000C .

The substrate is a 100mm-diameter (001) p-type
Si wafer with a resistivity of 8 ~12() + cm. The wafer
was processed by a RCA cleaning process” : it was
boiled in H,SO, : H,O=4 : 1 for 1min,rinsed in de-
ionized water tens of times, boiled in H,O : H,O, :
NH; - H,O=5: 2 : 1 for several seconds, rinsed in
HF for 30s,boiled in H,O : H,O, : HCI=7 : 2 : 1 for
seconds,then boiled in H,O : HCI =8 : 1 for a few
seconds,rinsed in HF : H,O =1 : 10 for several mi-
nutes,and finally rinsed in de-ionized water 30 times.
After the RCA process,the thin native oxide on the Si
wafer surface was removed. When the wafer was
dried, it was put into the process chamber and
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degassed at higher than 300C for several hours and
then transferred into the growth chamber. The Si sub-
strate was heated to 950C to deoxidize for 10mins.
When the temperature decreased to the growth tem-
perature, gas sources were imported into the chamber
and the deposition process starts according to the pro-
cedure.

In the traditional growth process, the liquid ni-
trogen is introduced into the wall of the growth
chamber. It cools down the wall of the growth cham-
ber. Much research has proven that the lowest growth
temperature of SiGe alloy is about 550C . In the con-
ventional condition,we deposited the SiGe film (sam-
ple A) for 5min at 500C . The flux of Si, H; and GeH,
are 6 and 2sccm, respectively. In contrast, we have
used a novel method, without liquid nitrogen, to de-
posit the SiGe film (sample B) for 5min at 485C with
the same flux of the gases. A multilayer structure
SiGe/Si (sample C) was also grown. To analyze the
clements of the surface, we determined the RBS
curves of samples A and B. At the same time, we
measured the DCXRD curves of samples B and C. The
TEM image of sample C was also obtained.

3 Results and discussion

The Rutherford backscattering
(RBS) can analyze the ingredients of the surface™®'.
Figure 2 shows the RBS curves of samples A and B.
The RBS spectra prove that there is no germanium el-

spectrometry

ement on the substrate of sample A, meaning that no
film deposits on it (because the decomposition tem-
perature of Si,Hg is higher than GeH, ,if there is some
Si film deposited,there must be Ge elements deposited
on the sample). There is an obvious Ge peak in the
curve of the sample B, proving that there is film
grown on it.
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Picture of the homemade D-UHV/CVD epitaxy system

Figure 3 is the double crystal X-ray diffraction
(XRD) curves of samples B and C, respectively. The
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Fig.4 TEM image of the sample C

spectra show that the SiGe film grows on the sub-
strate. Furthermore, the content of the Ge is about
10% Law' "',
Pendellosung peaks with 5 periods in the spectrum of
sample C.

according to Vegard’s There are

Figure 4 is the transmitting electron microscope
(TEM) image of sample C. It shows that the superlat-
tice has an abrupt interface,uniform layers,and 5 pe-
riods, which is consistent with the DCXRD analysis.
The TEM picture and Pendellosung peaks both indi-
cate that the superlattice has good quality.

The Si,Hs and GeH, gases are pyrolyzed into ions
and ion clusters such as SiH;- and GeH;- in the
growth chamber''”). The reaction process can be de-
scribed as the following reaction equations:

Si, He (g) +2_—2 SiH;
2 SiH;—~>28i(s) + 3H, +2_
GeH,(g) +2_—GeH; + H
GeH; + H>Ge(s) + 2H, (g) +2_

In fact, the reaction mechanism is more compli-
cated than the above reaction equations. The substrate
absorbs the active reactants and they move, interact,
and diffuse. Finally,the film comes into being.

In the traditional process, the liquid nitrogen is
introduced into the wall of the growth chamber. It
keeps the temperature of the wall as low as possible.
Therefore, the gas molecules in the chamber are
cooled down and absorbed into the wall, which leads
to very low pressure in the chamber. When the Si, Hs
gas comes into the growth chamber,the growth pres-
sure is about 107°Pa and it is 10~ ?Pa as the GeH, gas
is imported. If there is no liquid nitrogen introduced
into the chamber wall, when the Si, Hs gas comes into
the growth chamber,the pressure in the growth cham-
ber is about 10 ?Pa and it is about 1Pa when the GeH,
gas is introduced. Without the liquid nitrogen, the
growth pressure can be 3 magnitudes higher.

When the liquid nitrogen cools down the growth
wall,the growth pressure is very low. Apparently, the
concentrations of the reactants are quite low. In order
to deposit the SiGe film,the temperature must be high
enough to decompose more source gases. On the con-
trary, without nitrogen liquid, the reaction pressure
increases about 3 magnitudes at the same tempera-
ture,which greatly increases the concentration of the
reactants. According to the chemical reaction balance
principle, the reaction rate will rise significantly. So
the SiGe film can be grown at much lower tempera-
ture.

4 Conclusion

In the conventional process for SiGe film growth
by D-UHV/CVD,the liquid nitrogen is introduced in-
to the wall of the growth chamber. When the flux of
Si, Hs is 6sccm, the growth pressure is about 107° Pa
and it is 107 *Pa as GeH, is imported. The RBS curves
indicate that there is no film deposited at 500C.
Without the liquid nitrogen, the growth pressure can
increase about 3 magnitudes and result in much higher
concentration of the active reactants. Thus, the SiGe
film can be deposited at as low as 485C . A SiGe/Si
superlattice was also grown at 485C. The DCXRD
curves and TEM image show that the quality of the
superlattice is good. In conclusion, this method is effi-
cient to deposit SiGe film at low temperature.
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