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A mechanism of interface blocking was proposed to reduce the threading dislocations in the SiGe
and Ge layers on Sis100d substrates. In this work, epitaxial Si1−xGex/Si1−sx−ydGex−y and Ge/SiyGe1−y

layers were grown by UHV/CVD. It was surprisingly found that if the variation of the Ge
composition,y, across the interface of Si1−xGex/Si1−sx−ydGex−y or Ge/SiyGe1−y is higher than a
certain value, most of the threading dislocations appear to be blocked and confined in the underlying
Si1−sx−ydGex−y or SiyGe1−y layer by the interface. It implies that this finding can provide a simple way
to grow high-quality relaxed SiGe and Ge layers on the Si substrates.© 2004 American Vacuum
Society.[DOI: 10.1116/1.1781188]
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I. INTRODUCTION

Heterostructures of SiGe and Ge epitaxial layers o
substrates have attracted considerable attention due to
potential device applications1 and compatibility with
Si-based technology. In particular, strain-relaxed SiGe
Ge layers provide a virtual substrate for the growth of h
electron-mobility structures and for the integration of III
devices on Si. In addition, the integration of Ge with Si is
much importance for the application of Ge photodetec
The major problems of these relaxed layers are the high
sity of threading dislocations and the high surface rough
arising from the 4.2% lattice mismatch between Ge and
Various growth techniques and treatments have been d
oped to solve these problems. It has been reported th
compositionally graded buffer (CGB) layers,2 low-
temperature Si buffer layers,3 compliant silicon-on-insulato
(SOI) substrate,4 two-step procedure,5 and selective are
growth combined with thermal cycle annealing6 can be use
to grow high-quality strain-relaxed SiGe and Ge lay
Among them, the CGB layers are the most practically
widely used ones today. However, the CGB layers still h
two major challenges. First, these CGB layers often s
from a thickness of,10 mm with a Ge composition gradin
from 0 to 1.0, which increases crucially the price of S
devices and hinders their integration with conventio

a)Author to whom correspondence should be addressed; electronic

luogl@faculty.nctu.edu.tw
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Si-based circuits. Second, the CGB layers often exhi
cross-hatch pattern, which makes the surfaces very rou7

It has been8 reported earlier that the strained isoelectr
cally In-doped GaAs layer grown on GaAs wafers allow
to reduce the dislocations density drastically, where the
thors found that the interface formed between the In-d
GaAs layer and GaAs substrate can bend the disloca
We believe that a similar mechanism can be easily us
grow SiGe and Ge layers with reduced dislocation dens
on the Sis100d substrates.

II. EXPERIMENT

In our laboratory, the epitaxial SiGe and Ge layers w
grown by UHV/CVD equipment using silane and german
the Si and Ge sources. Usually, growth temperatur
550 °C was used to grow Si1−xGex layers withx,0.3, and
420 °C was used to grow Ge layer and Si1−xGex layer with
x.0.8. The samples in this work were grown based on
structures(see Fig. 1). For the structure(a), a Si1−sx−ydGex−y

was first grown. Afterin situ annealing it at 950 °C fo
5 min for strain relaxation, a second layer Si1−xGex was then
grown. For the structure(b), a SiyGe1−y was first grown
After in situ annealing it at 750 °C for 15 min for stra
relaxation, a Ge layer was subsequently grown. Finally
annealing of 750 °C for 15 min was performed again
removing of defects that possibly generate in the Ge
grown at low temperature. Transmission electron microsl:

(TEM) was used to observe the dislocation distribution and

L174/22 (5)/17/3/$19.00 ©2004 American Vacuum Society
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interaction with the interfaces. These TEM measurem
were carried out on a Philips Tecnai 20 microscope.
crystalline quality of Ge layer was additionally evaluated
the double-crystal x-ray diffraction(DCXD) measurement.

III. RESULTS AND DISCUSSION

Figure 2 is a cross-sectional TEM(XTEM) image of a
sample on which was grown directly a Si0.8Ge0.2 layer abou
7500 Å. No measure was taken to control the dislocat
This sample was also annealed at 950 °C for 5 min fo
full relaxation. From the image, a large number of threa
dislocations are observed to generate from the interfa
Si0.8Ge0.2/Si and continue through the entire epitaxial la
to the surface.

Figure 3 is an XTEM image of a sample on which w
grown an epitaxial structure of Si0.76Ge0.24/Si0.8Ge0.2 in
which the first Si0.8Ge0.2 layer is about 1.2mm thick, and the
second Si0.76Ge0.24 layer is about 0.5mm thick. It is seen tha
some threading dislocations that generate within the
Si0.8Ge0.2 layer are blocked by the interface
Si0.76Ge0.24/Si0.8Ge0.2, but others still penetrate through t
interface to the top layer.

FIG. 1. Samples structures(a) and (b); their detail growth conditions we
described in context.

FIG. 2. XTEM image of Si0.8Ge0.2/Si; dislocations distribute in the ent

epitaxial layer.
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However, for the sample on which was grown an epita
structure of Si0.7Ge0.3/Si0.8Ge0.2 in which the first Si0.8Ge0.2

layer is about 1.2mm thick, and the second Si0.7Ge0.3 layer is
about 0.6mm thick, it is seen that the dislocations that g
erate within the first Si0.8Ge0.2 layer are remarkably blocke
by the interface of Si0.7Ge0.3/Si0.8Ge0.2. The threading dislo
cations that can penetrate through the interface are
reduced(see Fig. 4).

FIG. 3. XTEM image of Si0.76Ge0.24/Si0.8Ge0.2/Si; some dislocations a
blocked by the interface, but the other dislocations penetrate the inte

FIG. 4. XTEM image of Si0.7Ge0.3/Si0.8Ge0.2/Si almost all the dislocation

are blocked by the interface of Si0.7Ge0.3/Si0.8Ge0.2.
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Figure 5(a) is an XTEM of a sample on which the fir
layer is a 1.5mm thick Si0.08Ge0.92 layer, and the secon
layer is a 1.0mm thick Ge layer. It is surprisingly found th
the high-density dislocations that generate within
Si0.08Ge0.92 layer are also blocked drastically by the interf
of Ge/Si0.08Ge0.92. The top Ge layer exhibits a good cryst
line quality with a low threading dislocation density. Un
the optical microscope, by counting the etch pits that w
selectively etched by solution of CH3COOH:HNO3:HF: I2
=67 ml:20 ml:10 ml:30 mg for 10 s, we estimated t
the dislocation density in this top Ge layer is abou

FIG. 5. (a) XTEM image of Ge/Si0.08Ge0.92/Si; high-density of dislocation
are blocked effectively by the interface of Ge/Si0.08Ge0.92; (b) double-crysta
x-ray diffraction result for this sample.
JVST B - Microelectronics and Nanometer Structures

ibution subject to AVS license or copyright; see http://scitation.aip.org/term
3106/cm2. Figure 5(b) is the DCXD result for this sampl
The peak of Ge is sharp, which also implies that the cry
line quality of the top Ge layer is superior. Moreover,
total thickness of these two layers is only about 2.5mm,
which is much less than that of traditional CGB structur

The mechanism of interface blocking of dislocation
considered to be due to the dislocation bending beh
under the stress field. When the stress field around the
face is strong enough, the dislocation can be bent
traverse along the interface. From the XTEM images, it
be found that the interfaces of Si0.7Ge0.3/Si0.8Ge0.2 and
Ge/Si0.08Ge0.92 (see Figs. 4 and 5) are rough. It implies tha
a strong nonuniform stress field exists at these interf
When the dislocations in these two samples meet the
faces, they can be blocked very effectively. The phenom
of dislocation bending under the stress can also be fou
other material structures such as the GaN lateral overgr
on the sapphire substrate reported by Ref. 9 recently, w
the authors observed many dislocations bend at the edg
the GaN ridge due to the stress distributed there.

IV. CONCLUSION

In conclusion, a mechanism of interface blocking
proposed to reduce the threading dislocations in the
and Ge layers on Sis100d substrates. When the variati
of the Ge composition, y, across the interface
Si1−xGex/Si1−sx−ydGex−y or Ge/SiyGe1−y is higher than
certain value, most of the threading dislocations appe
be blocked and confined in the underlying Si1−sx−ydGex−y

or SiyGe1−y by the interface. For samples
Si0.7Ge0.3/Si0.8Ge0.2/Si sy=0.1d and Ge/Si0.08Ge0.92/Si sy
=0.08d, both top layers show low dislocation densities
implies that the mechanism of interface blocking can be
ily used to control the dislocations for growth of the rela
SiGe and Ge layers on the Si substrates.
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