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(57) ABSTRACT 

Embodiments of the present invention include heterogeneous 
Substrates, integrated circuits formed on Such heterogeneous 
Substrates. The heterogeneous Substrates according to certain 
embodiments of the present invention include a first Group IV 
semiconductor layer (e.g., silicon), a second Group IV pattern 
(e.g., a silicon-germanium pattern) that includes a plurality of 
individual elements on the first Group IV semiconductor 
layer, and a third Group IV semiconductor layer (e.g., a sili 
con epitaxial layer) on the second Group IV pattern and on a 
plurality of exposed portions of the first Group IV semicon 
ductor layer. The second Group IV pattern may be removed in 
embodiments of the present invention. In these and other 
embodiments of the present invention, the third Group IV 
semiconductor layer may be planarized. 
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HETEROGENEOUS GROUP IV 
SEMCONDUCTOR SUBSTRATES 

CLAIM OF PRIORITY 

0001. This application claims priority under 35 U.S.C. S 
120 as a divisional application of U.S. patent application Ser. 
No. 11/080,737, filed Mar. 15, 2005, which in turn claims 
priority under 35 U.S.C. S 119 from Korean Patent Applica 
tion No. 2004-17665, filed on Mar. 16, 2004. The disclosure 
of each of the above applications is incorporated herein by 
reference as if set forth in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention generally relates to semicon 
ductor Substrates and semiconductor devices and, more spe 
cifically, to heterogeneous semiconductor Substrates and inte 
grated circuits that are formed on Such substrates, alone with 
related methods of forming, Such substrates and integrated 
circuits. 

BACKGROUND OF THE INVENTION 

0003. Since the transistor was invented in 1948, tremen 
dous advancements have been achieved in the progress of 
Solid state device technology. These advancements have been 
made both through the development of more and more 
advanced device concepts, as well as through advancements 
in the materials which are used to fabricate the devices. By 
way of example, the performance achieved by integrated 
circuits today is the result of among many other things, a 
considerable breakthrough in the 1950's relating to methods 
of growing pure and single-crystal silicon. 
0004 Conventionally, single crystalline silicon substrates 
have been widely used in semiconductor device manufactur 
ing processes. After the formation of the single-crystal ingot 
by liquid-encapsulated Czochralski growth, the ingot is 
mechanically processed to manufacture silicon wafers. 
0005 Today, many semiconductor devices are highly inte 
grated. Devices having high levels of integration may achieve 
high speed and performance levels, and may be more eco 
nomically efficient to manufacture. However, various prob 
lems can also occur as the level of integration increases and 
the size of individual devices decreases. For example, as the 
channel length of a conventional planar field effect transistor 
(“FET) is reduced, several potentially undesirable effects 
may occur including (1) a short channel effect Such as a 
punch-through, (2) an increase in the parasitic junction 
capacitance between the junction region and the Substrate, 
and (3) an increase in the leakage current of the transistor. 
0006. In efforts to reduce and/or to eliminate one or more 
of the above-mentioned problems, studies have been per 
formed in which the semiconductor devices are fabricated on 
various different types of substrates. By way of example, 
many Solid state devices have been formed using silicon-on 
insulator or “SOI substrates in which a silicon layer is 
formed on an insulating layer. The use of SOI substrates can 
improve the characteristics of a semiconductor device in sev 
eral ways, including reduced junction leakage current, 
reduced short channel effect, a lower operation Voltage, and 
increased isolation. However, the use of SOI substrates can 
also give rise to several disadvantages. For example, a “float 
ing body’ effect can occur in devices with SOI substrates as a 
result of heat generated during operation of the device or via 
an accumulation of hot carriers having high energy. SOI 
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devices also may tend to have reduced reliability if the thresh 
old Voltage is changed, because a back bias is not applied in 
SOI devices. In addition, since SOI field effect transistor 
technology requires connecting two Substrates, the process 
for fabricating SOI devices tends to be more complicated and 
costly as compared to device fabrication processes using con 
ventional bulk silicon substrates. 
0007. One specialized category of semiconductor devices 
are micro-electromechanical systems (MEMS). MEMS tech 
nology may be used to create electric devices and machine 
parts which can be less than a millimeter in size. Typically, 
MEMS devices involve the fabrication of both electrical 
structures and mechanical structures on a micro Scale using 
conventional Semiconductor manufacturing techniques. A 
MEMS device might include, for example, various mechani 
cal elements, actuators and electronics on a single silicon 
wafer. 
0008 Typically, the electronic components of a MEMS 
device are formed using conventional integrated circuit fab 
rication technology (e.g., CMOS, bipolar, BICOM pro 
cesses), while the mechanical components are formed 
through a micromachining process that, for example is used 
to selectively etch part of the silicon wafer and/or to form 
mechanical or electromechanical elements on the Substrate. 
With MEMS technology, all of the electrical and mechanical 
structures may be formed on a single silicon wafer. 

SUMMARY OF THE INVENTION 

0009 Embodiments of the present invention provide a 
heterogeneous semiconductor Substrate. The heterogeneous 
semiconductor Substrate according to certain embodiments 
comprise stacked semiconductor layers. Such heterogeneous 
semiconductor Substrates may comprise a first semiconduc 
tor layer, a second semiconductor pattern that includes a 
plurality of individual elements on the first semiconductor 
layer, and a third semiconductor layer on the second semi 
conductor patternandon a plurality of exposed portions of the 
first semiconductor layer. The first semiconductor layer, the 
second semiconductor pattern, and the third semiconductor 
layer may be formed of elements of Group IV of the periodic 
table (e.g., silicon or germanium) or a crystalline compound 
thereof (e.g., silicon-germanium). The first and third semi 
conductor layers may be formed of the same material. The 
second semiconductor pattern may be formed of a material 
having one or more different electrical and/or chemical prop 
erties as compared to the first and third semiconductor layers. 
The uppermost Surface of the stacked semiconductor layers 
may be flat. The third semiconductor layer may be directly on 
the first semiconductor layer in exposed areas between the 
individual elements of the second semiconductor pattern. 
0010 Pursuant to further embodiments of the present 
invention, integrated circuits are provided which comprise a 
heterogeneous substrate that includes a first Group IV semi 
conductor layer, a second insulating pattern that includes a 
plurality of individual insulating regions on the first Group IV 
semiconductor layer and a third Group IV semiconductor 
layer on the second insulating pattern and on a plurality of 
exposed portions of the first Group IV semiconductor layer. 
One or more semiconductor devices are then provided on the 
heterogeneous Substrate to complete the integrated circuit. In 
certain embodiments, the first Group IV semiconductor layer 
comprises a single crystalline silicon Substrate and the third 
Group IV semiconductor layer comprises a silicon epitaxial 
layer. The second insulating pattern may take on a variety of 
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different shapes, such as, for example, a plurality of parallel 
lines or a grid of individual islands. 
0011. In certain embodiments of these integrated circuits, 
the upper surfaces of the first Group IV semiconductor layer, 
the second insulating pattern and the third Group IV semi 
conductor layer may comprise planarized upper Surfaces. The 
third Group IV semiconductor layer may be directly on the 
first Group IV semiconductor layer in exposed areas between 
the individual insulating regions of the second insulating 
pattern. The at least one semiconductor device may comprise 
a field effect transistor, and the source region and the drain 
region of this transistor may each overlap respective ones of 
the individual insulating regions of the second insulating 
pattern. The second insulating pattern may comprise a plu 
rality of Voids or a pattern of an insulating material 
0012 Pursuant to still further embodiments of the present 
invention, methods of forming a heterogeneous semiconduc 
tor substrate are provided. Pursuant to these methods, a sec 
ond Group IV semiconductor pattern having a planar upper 
Surface may be formed on a planar upper Surface of a first 
Group IV semiconductor layer. A third Group IV semicon 
ductor layer having a planar upper Surface may then be 
formed on the planar upper surface of the second Group IV 
semiconductor pattern and on the planar upper Surfaces of a 
plurality of exposed portions of the first Group IV semicon 
ductor layer to provide the heterogeneous semiconductor 
substrate. 

0013. In certain embodiments of these methods, the third 
Group IV semiconductor layer may be formed by growing a 
primary Group IV epitaxial layer on the planar upper Surface 
of the second Group IV semiconductor pattern and on the 
planar upper Surfaces of the plurality of exposed portions of 
the first Group IV semiconductor layer at a first temperature 
such that a surface movement of the second Group IV semi 
conductor pattern does not occur. Then, a secondary Group 
IV epitaxial layer having a planar upper Surface is formed at 
a second temperature such that a surface movement of the 
primary Group IV epitaxial layer occurs. In these methods, 
the first temperature may be between about 300° C. and about 
800° C., and the second temperature may be between about 
800° C. and about 1200° C. 

0014. In other embodiments, the third Group IV semicon 
ductor layer may be formed by growing a Group IV epitaxial 
layer on the planar upper surface of the second Group IV 
semiconductor patternand on the planarupper Surfaces of the 
plurality of exposed portions of the first Group IV semicon 
ductor layer at a first temperature such that a Surface move 
ment of the second Group IV semiconductor pattern does not 
occur. Then the upper surface of the Group IV epitaxial layer 
is planarized by performing a thermal process at a second 
temperature such that a surface movement of the Group IV 
epitaxial layer occurs. In these methods, the first temperature 
may be is between about 300° C. and about 800° C. The 
second temperature may be between about 600° C. and about 
1200°C. when the thermal process is performed in a hydro 
gen gas ambient, and between about 900° C. and 1200° C. 
when the thermal process is performed in an argon gas ambi 
ent. In these methods, the first Group IV semiconductor layer 
may be a single crystalline silicon Substrate, the second 
Group IV semiconductor pattern may be a silicon-germanium 
epitaxial pattern and the third Group IV semiconductor layer 
may be a silicon epitaxial layer. 
00.15 Pursuant to still further embodiments of the present 
invention, methods of forming an integrated circuit are pro 
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vided. Pursuant to these methods, a second Group IV semi 
conductor pattern is formed on a first Group IV semiconduc 
tor layer and a third Group IV semiconductor layer is formed 
on the second Group IV semiconductor pattern and on a 
plurality of exposed portions of the first Group IV semicon 
ductor layer to provide a heterogeneous Substrate. Then, at 
least one semiconductor device is formed on the heteroge 
neous Substrate. Prior to forming the at least one semiconduc 
tor device, at least portions of the second Group IV semicon 
ductor pattern may be selectively removed to provide a 
plurality of voids within the heterogeneous substrate. In cer 
tain embodiments of these methods, some of the plurality of 
Voids may be at least partially filled with an insulating mate 
rial. 

0016. In the above-described methods, the third Group IV 
semiconductor layer may be formed by growing a primary 
Group IV epitaxial layer on the second Group IV semicon 
ductor pattern and on the plurality of exposed portions of the 
first Group IV semiconductor layer at a first temperature such 
that a surface movement of the second Group IV semicon 
ductor pattern does not occur and then forming a secondary 
Group IV epitaxial layer having a planar upper Surface at a 
second temperature that is higher then the first temperature 
such that a surface movement of the primary Group IV epi 
taxial layer occurs. In other embodiments, instead of forming 
a secondary Group IV epitaxial layer the upper surface of the 
Group IV epitaxial layer may be planarized by performing a 
thermal process at a second temperature that is higher then the 
first temperature such that a surface movement of the Group 
IV epitaxial layer occurs. The at least one semiconductor 
device may comprise a field effect transistor, and the Source 
region of this transistor may overlap a first of the plurality of 
Voids with an insulating material and the drain region of this 
transistor may overlap a second of the plurality of voids with 
an insulating material. In embodiments of the present inven 
tion, the first and second of the plurality of voids with an 
insulating material may be used to control the depth of the 
Source region and the depth of the drain region, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this application, illus 
trate certain embodiment(s) of the invention. In the drawings: 
0018 FIG. 1 is a schematic perspective view of a hetero 
geneous semiconductor Substrate according to one embodi 
ment of the present invention, wherein a part of the hetero 
geneous semiconductor Substrate is removed to show its inner 
part. 
0019 FIG. 2 is a schematic perspective view of a hetero 
geneous semiconductor Substrate according to another 
embodiment of the present invention, wherein a part of the 
heterogeneous semiconductor Substrate is removed to show 
its inner part. 
0020 FIGS. 3-5 are cross-sectional views illustrating a 
method for forming the heterogeneous semiconductor Sub 
strate according to one embodiment of the present invention. 
0021 FIG. 6 is a cross-sectional view illustrating a method 
for forming the heterogeneous semiconductor Substrate 
according to another embodiment of the present invention. 
0022 FIGS. 7-11 are cross-sectional views illustrating a 
method for fabricating a semiconductor device according to 
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embodiments of the present invention using the heteroge 
neous semiconductor substrate of FIG. 2. 

DETAILED DESCRIPTION 

0023 Embodiments of the present invention now will be 
described more fully hereinafter with reference to the accom 
panying drawings, in which certain embodiments of the 
invention are shown. This invention may, however, be embod 
ied in many different forms and should not be construed as 
limited to the embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of the 
invention to those skilled in the art. Like numbers refer to like 
elements throughout. 
0024. It will be understood that, although the terms first, 
second, etc. may be used herein to describe various elements, 
these elements should not be limited by these terms. These 
ten-S are only used to distinguish one element from another. 
For example, a first element could be termed a second ele 
ment, and, similarly, a second element could be termed a first 
element, without departing from the scope of the present 
invention. As used herein, the term “and/or includes any and 
all combinations of one or more of the associated listed items. 
0025. It will be understood that when an element such as a 
layer, region or substrate is referred to as being “on” or 
extending “onto' another element, it can be directly on or 
extend directly onto the other element or intervening ele 
ments may also be present. In contrast, when an element is 
referred to as being “directly on' or extending “directly onto' 
another element, there are no intervening elements present. It 
will also be understood that when an element is referred to as 
being “connected' or “coupled to another element, it can be 
directly connected or coupled to the other element or inter 
vening elements may be present. In contrast, when an element 
is referred to as being “directly connected' or “directly 
coupled to another element, there are no intervening ele 
ments present. Other words used to describe the relationship 
between elements should be interpreted in a like fashion (i.e., 
“between versus “directly between”, “adjacent versus 
“directly adjacent”, etc.). 
0026 Relative terms such as “below' or “above' or 
“upper” or “lower” or “horizontal” or “vertical” may be used 
herein to describe a relationship of one element, layer or 
region to another element, layer or region as illustrated in the 
figures. It will be understood that these terms are intended to 
encompass different orientations of the device in addition to 
the orientation depicted in the figures. 
0027 Embodiments of the invention are described herein 
with reference to cross-section illustrations that are schematic 
illustrations of idealized embodiments (and intermediate 
structures) of the invention. The thickness of layers and 
regions in the drawings may be exaggerated for clarity. Addi 
tionally, variations from the shapes of the illustrations as a 
result, for example, of manufacturing techniques and/or tol 
erances, are to be expected. Thus, embodiments of the inven 
tion should not be construed as limited to the particular shapes 
of regions illustrated herein but are to include deviations in 
shapes that result, for example, from manufacturing. Thus, 
the regions illustrated in the figures are schematic in nature 
and their shapes are not intended to illustrate the actual shape 
of a region of a device and are not intended to limit the scope 
of the invention. 
0028. The terminology used herein is for the purpose of 
describing particular embodiments only and is not intended to 
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be limiting of the invention. As used herein, the singular 
forms “a”, “an and “the are intended to include the plural 
forms as well, unless the context clearly indicates otherwise. 
It will be further understood that the terms “comprises' 
“comprising.” “includes” and/or “including when used 
herein, specify the presence of stated features, integers, steps, 
operations, elements, and/or components, but do not preclude 
the presence or addition of one or more other features, inte 
gers, steps, operations, elements, components, and/or groups 
thereof. 
0029. Unless otherwise defined, all terms (including tech 
nical and Scientific terms) used herein have the same meaning 
as commonly understood by one of ordinary skill in the art to 
which this invention belongs. It will be further understood 
that terms, such as those defined in commonly used dictio 
naries, should be interpreted as having a meaning that is 
consistent with their meaning in the context of the relevant art 
and will not be interpreted in an idealized or overly formal 
sense unless expressly so defined herein. 
0030 Pursuant to embodiments of the present invention, 
heterogeneous semiconductor Substrates are provided which 
have a multi-layered semiconductor layer structure. The mul 
tiple layers in these heterogeneous semiconductor Substrates 
may have different electrical and chemical properties. Vari 
ous active or passive devices may then be formed on the 
heterogeneous semiconductor Substrates. 
0031 FIG. 1 illustrates an exemplary heterogeneous semi 
conductor Substrate according to a first embodiment of the 
present invention. The heterogeneous semiconductor Sub 
strates according to this first embodiment have three stacked 
semiconductor layers. The second of these semiconductor 
layers is sandwiched between the first and third semiconduc 
tor layers and comprise a semiconductor pattern that is 
arranged in a Suitable way. The second semiconductor pattern 
is formed to have electrical and/or chemical properties that 
are different than the electrical and chemical properties of 
both the first and third semiconductor layers. Herein, differ 
ent electrical and chemical properties include, for example, 
different carrier mobilities, different etch rates with respect to 
a specific etchant (e.g., only one layer is etched at a high etch 
rate, and the otherlayer is etched at a low rate or notatall), etc. 
The top surface of the heterogeneous semiconductor Sub 
strate (i.e., a top surface of the third semiconductor layer) may 
be formed to have a flat profile. 
0032. As shown in FIG. 1, a heterogeneous semiconductor 
substrate 100 according to the first embodiment of the present 
invention comprises a first semiconductor layer 101, a second 
semiconductor pattern 103 that comprises a plurality of indi 
vidual elements 103", and a third semiconductor layer 105. 
The second semiconductor pattern 103 is formed on the first 
semiconductor layer 101. The third semiconductor layer 105 
is formed on the first semiconductor layer so as to cover the 
second semiconductor pattern 103. That is, the third semicon 
ductor layer 105 is in contact with the first semiconductor 
layer 101 except in the regions occupied by the individual 
elements 103'. In the particular embodiment of the present 
invention depicted in FIG. 1, the upper surface of the third 
semiconductor layer 105 is flat. 
0033 Although not depicted in FIG. 1, a plurality of semi 
conductor devices may be formed on the upper surface of the 
third semiconductor layer 105. For instance, a plurality of 
field effect transistors may be formed on the third semicon 
ductor layer 105. In this case, the channel regions and the 
source/drain regions of the transistors are formed in the third 
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semiconductor layer 105. Additionally, in other regions of the 
substrate 100, the second semiconductor pattern 103 may be 
exposed and selectively removed using, for example, conven 
tional semiconductor device manufacturing processes. An 
insulating layer may then be formed in the region where the 
second semiconductor pattern 103 was selectively removed. 
In this way, the floating body effect that may occur when 
conventional SOI substrates are used may be reduced and/or 
eliminated alto-ether since the third semiconductor layer 105 
is connected to the first semiconductor layer 101. 
0034. The first and third semiconductor layers 101, 105 
and the second semiconductor pattern 103 may be formed of 
elements designated as Group IV in the Mendeleev periodic 
table, or of a crystalline compound of such elements. By way 
of example, the first semiconductor layer 101 may comprise 
a conventional bulk silicon Substrate. The second semicon 
ductor pattern 103 may, for example, comprise a silicon 
germanium epitaxial pattern formed on the silicon Substrate 
by an epitaxial growth technique. The third semiconductor 
layer 105 may comprise a silicon epitaxial layer, which is 
formed on the silicon Substrate and the silicon germanium 
epitaxial pattern by an epitaxial growth technique. If the 
silicon-germanium pattern is a relaxed silicon-germanium 
pattern, the silicon epitaxial layer may be a strained silicon. 
Such a configuration may make it possible to increase carrier 
mobility. 
0035. Herein, references to “Group IV semiconductor 
layer”, “Group IV semiconductor pattern' and the like refer 
to a semiconductor layer or pattern (or the like) that include 
one or more Group IV semiconductor materials. Accordingly, 
a silicon layer or Substrate, a germanium layer or Substrate, a 
silicon-geranium layer or Substrate are all examples of 
“Group IV semiconductor layers' as that term is used herein. 
0036. Other heterogeneous semiconductor substrates 100 
according to the first embodiment of the present invention 
include (1) a silicon substrate 101, a germanium pattern 103 
and a silicon layer 105, (2) a silicon-germanium Substrate 
101, a silicon pattern 103 and a silicon-germanium layer 105, 
and (3) a germanium substrate 101, a silicon pattern 103 and 
a germanium layer 105. However, these are merely examples, 
and it will be appreciated that numerous additional configu 
rations for substrate 100 fall within the embodiments of the 
present invention shown in FIG. 1. 
0037. The individual elements 103 of the second semi 
conductor pattern 103 may have various shapes that may, for 
example, be selected based on the desired electrical and/or 
mechanical properties of the device that is to be fabricated. 
Thus, for example, in FIG. 1, the second semiconductor pat 
tern 103 includes rectangular shaped individual elements 
103'. FIG. 2 depicts another exemplary embodiment of the 
present invention in which the individual elements 103' are 
line-shaped. It will be appreciated that numerous different 
shapes may be used, and that not all of the individual elements 
need have the same shape. 
0038 Hereinafter, an exemplary method of forming het 
erogeneous semiconductor Substrates according to the first 
embodiment of the present invention will be described with 
reference to FIGS. 3-7. As shown in FIG. 3, a silicon-germa 
nium epitaxial layer 103a is formed on a bulk silicon substrate 
101 using an epitaxial growth technique. The epitaxial growth 
technique may be any conventional and/or non-conventional 
epitaxial growth technique Such as, for example, vapor-phase 
epitaxy, molecular-beam epitaxy, chemical vapor deposition 
(CVD), Sputtering, etc. The epitaxial growth technique may, 
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for example, use SiH4 as a Source gas. In the exemplary case 
of FIG. 3 where a silicon-germanium epitaxial layer 103a is 
formed using a CVD method, the reaction temperature may 
be between about 400° C. and 1000° C. The silicon-germa 
nium epitaxial layer 103a may be grown uniformly across the 
entire surface of the bulk silicon substrate 101. 

0039 Herein, references are made to growing various 
semiconductor layers “at” a certain temperature (e.g., "grow 
ing a first Group IV semiconductor layer at a first tempera 
ture' or “growing a first Group IV semiconductor layer at a 
temperature between about 300° C. and 800° C.”). It will be 
understood that this language covers growing the semicon 
ductor layer at a single temperature or at multiple tempera 
tures, so long as the growth temperatures fall within any 
recited range. It will further be understood that the recited 
temperatures refer to the temperature of the environment 
(e.g., the inside of a reactor) in which the semiconductor layer 
is grown. It will also be understood that some amount of 
growth may also occur at temperatures that are below the 
lower limit of any recited range, as might occur when a 
reactor in which the growth occurs is being heated up to the 
growth temperature(s). 
0040. As shown in FIG.4, a photolithography process may 
be performed on the silicon-germanium epitaxial layer 103a 
to form a silicon-germanium epitaxial pattern 103 that has a 
predetermined shape. As a result of this photolithography 
process, portions 104 of the bulk silicon substrate 101 are 
exposed. The silicon-germanium pattern 103 includes a lat 
eral surface, an upper surface and a bottom surface that is in 
contact with the bulk silicon substrate 101. It will be appre 
ciated that various other processes may be used to form the 
silicon-germanium epitaxial pattern 103. 
0041 As shown in FIG. 5, a primary silicon epitaxial layer 
105a may then be grown on the exposed portions of the bulk 
silicon substrate 101, and on the lateral surface and upper 
surfaces of the silicon-germanium epitaxial pattern 103. This 
primary silicon epitaxial later 105 may be grown, for 
example, using a conventional epitaxial growth technique. 
The growth of the primary silicon epitaxial later 105 may be 
performed at a temperature (typically a low temperature) 
which does not allow movement of the silicon or germanium 
that comprises the silicon-germanium epitaxial pattern 103. 
thereby maintaining the shape of the silicon-germanium pat 
tern 103. The primary silicon epitaxial layer 105 may com 
prise a single crystalline epitaxial layer. As is also shown in 
FIG. 5, the upper surface of the primary silicon epitaxial layer 
105a may follow the surface shape of the lower semiconduc 
tor layers 101, 103. In other words, the primary silicon epi 
taxial layer 105 may grow conformally on the topology of the 
bulk silicon Substrate and the silicon-germanium pattern. The 
primary silicon epitaxial layer 105 may be grown, for 
example, at temperatures between about 300° C. and about 
800° C. so that significant distortion to the silicon-germanium 
epitaxial pattern does not occur. 
0042. Next, as shown in FIG. 6, a thermal process may be 
performed in, for example, a hydrogen gas or an argon gas 
ambient, and a surface of the primary curved silicon epitaxial 
layer 105a is planarized. As a result, a silicon epitaxial layer 
105 that has a flat upper surface may be formed. This thermal 
process may be performed at a high temperature (i.e., higher 
than the temperature used to grow the primary silicon epi 
taxial layer 105a) which can enable the silicon of the primary 
silicon epitaxial layer 105a to move, thereby allowing the 
formation of the silicon epitaxial layer 105 that has a flat 
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upper Surface. The movement of the silicon during a thermal 
process in a hydrogen ambient may result from continuous 
formation of silane from Silicon and hydrogen (Si-- 
2H->SiH) and dissolution of silane to silicon and hydrogen 
(SiHa->Si-2H). Additionally, the silicon epitaxial layer 
typically will tend to flatten (i.e., form to a more stable state) 
at higher temperatures rather than remain in a curved (less 
stable) state. Since the silicon-germanium pattern 103 is pro 
tected by the primary silicon epitaxial layer 105a, significant 
Surface movement of the silicon-germanium does not occur 
during this Subsequent thermal process. Therefore, the shape 
of the silicon-germanium pattern 103 may be maintained. 
0043. The temperature of the above-described thermal 
process that is performed in a hydrogen gas ambient may, for 
example, be between about 600° C. and about 1200° C. The 
temperature of thermal process when an argon gas ambient is 
used instead may, for example, be between about 900° C. and 
about 1200° C. Since not only thermal energy, but also the 
hydrogen gas itself, can act to planarize the upper Surface of 
the primary epitaxial layer 105 when the thermal process is 
conducted in a hydrogen gas ambient, it may be possible to 
perform the planarization process at lower temperatures 
when a hydrogen gas ambient is used (as compared to, for 
example, an argon gas ambient). 
0044 Thus, in accordance with the first embodiment of the 
present invention, an epitaxial layer having a flat upper por 
tion may be formed on a curved lower Surface through a two 
step process comprising an epitaxial growth at a low tempera 
ture and a thermal process at a higher temperature. 
0045. According to further embodiments of the present 
invention, an epitaxial layer having a flat upper portion can be 
formed on a curved lower surface through two epitaxial 
growth steps as described hereinafter. In particular, after 
growing the primary silicon epitaxial layer 105a of FIG. 5 
using a low temperature growth step, an additional secondary 
epitaxial growth is performed at a higher temperature. As a 
result, as shown in FIG. 7, a secondary epitaxial layer 105 
having a flat Surface may be formed. Since the secondary 
epitaxial growth is performed at a (high) temperature where 
Surface movement can occur, the curve-shaped profile of the 
primary epitaxial layer 105a may gradually be flattened. 
Therefore, an upper Surface of the secondary silicon epitaxial 
layer 105 is planarized. Moreover, since the silicon-germa 
nium pattern 103 is already protected by the primary silicon 
epitaxial layer 105a, the shape of the silicon-germanium pat 
tern 103 may avoid significant distortion during the second 
ary epitaxial growth process. The temperature of the second 
ary epitaxial growth may, for example, be between about 600° 
C. and about 1200° C. 
0046. An exemplary embodiment of the present invention 
for forming a semiconductor device and/or an integrated cir 
cuit on a heterogeneous semiconductor Substrate according to 
the above-mentioned method will now be described with 
reference to FIGS. 8-11. FIG. 8 shows the heterogeneous 
semiconductor substrate 100 formed by the above-mentioned 
method. As shown in FIG. 8, the heterogeneous semiconduc 
tor substrate 100 includes a bulk silicon substrate 101, a 
silicon-germanium pattern 103, and a silicon epitaxial layer 
105. In this exemplary case, the individual elements 103' of 
the silicon-germanium pattern 103 are line-shaped. 
0047. After preparing the heterogeneous semiconductor 
substrate 100, a device isolation process is performed. In 
particular, as shown in FIG. 9, a part of the heterogeneous 
semiconductor substrate 100 may be etched to form a trench 
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107 for isolating a device. In this case, the silicon epitaxial 
layer 105, the silicon-germanium epitaxial pattern 103, and 
the bulk silicon substrate are alletched as part of this isolation 
process. 
0048 Next, as shown in FIG. 10, the exposed silicon 
germanium epitaxial pattern 103 is selectively removed, leav 
ing empty spaces 109. The empty spaces 109 may be filled 
with insulating material for use in the formation of a device 
isolation region. 
0049. Next, as shown in FIG. 11, the trench 107 is filled 
with insulating materials to form a device isolation region 
111. In specific embodiments of the present invention, this 
step may also be used to fill the empty spaces 109 with 
insulating materials. A thermal process can be performed 
before filling the trench 107 with insulating materials in order 
to form a silicon nitride layer which may act as an oxide 
barrier layer. 
0050. Next, as is also shown in FIG. 11, a gate oxide layer 
113 may be formed, and a gate electrode 115 may be formed 
on the gate oxide layer 113. The gate electrode 115 may be 
formed on a portion of silicon epitaxial layer 105 that is 
between the empty spaces 109. The silicon epitaxial layer 105 
under the gate electrode 115 functions as a channel region. 
Moreover, as shown in FIG. 11, the silicon epitaxial layer 105 
under the gate electrode 115 is connected to the bulk silicon 
substrate 101, thereby avoiding the floating-body effect that 
may occur when a conventional SOI substrate is used. 
0051. After forming the gate electrode 115, source/drain 
regions 117 may be formed on the silicon epitaxial layer at 
both sides of the gate electrode 115 using, for example, anion 
implantation process. Additionally, spacers 119 may be 
formed on the sidewalls of the gate electrode 115. As shown 
in FIG. 11, there is an empty space 109 (which, as discussed 
above, may be filled with an insulating material) under the 
silicon epitaxial layer on both sides of the gate electrode 115. 
As a result, punch-through is Suppressed, and the junction 
parasitic capacitance may be reduced. 
0052. As is also shown in FIG. 11, each source/drain 
region 117 overlaps one of the empty spaces 109 (or any 
insulating material which is used to fill Such empty spaces). 
By “overlap' it is meant that an axis exists which is perpen 
dicular to the primary plane of the heterogeneous Substrate 
100 that bisects both the empty space 109 (or any insulating 
material which is used to fill such empty spaces) and the 
source/drain region 117. 
0053. In the meanwhile, the gate electrode 115 may be 
formed over the empty space 109. In this case, the source/ 
drain regions are connected to the bulk silicon Substrate with 
each other. 
0054 When the heterogeneous semiconductor substrates 
according to embodiments of the present invention are used in 
a conventional semiconductor manufacturing process, it may 
be possible to avoid problems such as the floating body effect 
that may arise when SOI techniques are used. By way of 
example, in integrated circuits in which the channel and 
Source/drain regions for transistors are formed in the epitaxial 
silicon layer, the floating body effect and/or the accumulation 
of hot electrons can be reduced or minimized since the epi 
taxial silicon layer (i.e., the third semiconductor layer) is 
connected to the silicon Substrate (i.e., the first semiconductor 
layer). Additionally, a back-bias Voltage can be applied to the 
first semiconductor layer, so that the electric potential of 
Source (drain) regions can be maintained at the same value 
throughout the wafer. This may facilitate providing transis 
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tors having a relatively constant threshold voltage. Further 
more, if the silicon-germanium epitaxial layer pattern (sec 
ond semiconductor layer) is located under the source/drain 
regions and removed during the manufacturing process, it is 
possible to reduce and/or minimize junction leakage current 
between the source/drain regions and the Substrate, and it may 
also facilitate controlling the depth of the source/drain 
regions. 
0055. In the drawings and specification, there have been 
disclosed typical embodiments of the invention and, although 
specific terms are employed, they are used in a generic and 
descriptive sense only and not for purposes of limitation, the 
Scope of the invention being set forth in the following claims. 

What is claimed is: 
1. A heterogeneous semiconductor Substrate, comprising: 
a first Group IV semiconductor layer; 
a second Group IV semiconductor pattern that includes a 

plurality of individual elements on the first Group IV 
semiconductor layer, and 

a third Group IV semiconductor layer having a planarized 
upper Surface on the second Group IV semiconductor 
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pattern and on a plurality of exposed portions of the first 
Group IV semiconductor layer; 

wherein the planarized upper surface of the third Group IV 
semiconductor layer comprises the upper Surface of the 
heterogeneous semiconductor Substrate. 

2. The heterogeneous semiconductor Substrate of claim 1, 
wherein the first Group IV semiconductor layer comprises a 
single crystalline silicon Substrate, the second Group IV 
semiconductor pattern comprises a silicon-germanium epi 
taxial pattern, and the third Group IV semiconductor layer 
comprises a silicon epitaxial layer. 

3. The heterogeneous semiconductor substrate of claim 1, 
wherein the first and third Group IV semiconductor layers 
comprise a first material and the second Group IV semicon 
ductor pattern comprises a second material that has different 
electrical and chemical properties than the first material. 

4. The heterogeneous semiconductor Substrate of claim 1, 
wherein the third Group IV semiconductor layer is directly on 
the first Group IV semiconductor layer in exposed areas 
between the individual elements of the second Group IV 
semiconductor pattern. 

c c c c c 


