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SEMCONDUCTOR SUBSTRATE AND 
FABRICATION METHOD THEREOF, AND 

SEMCONDUCTORAPPARATUS USING THE 
SAME AND FABRICATION METHOD 

THEREOF 

CROSS-REFERENCES TO RELATED 
APPLICATION 

0001. The present application claims priority under 35 
U.S.C. 119(a) to Korean application number 10-2013 
0038585, filed on Apr. 9 2013, in the Korean Intellectual 
Property Office, which is incorporated herein by reference in 
its entirety. 

BACKGROUND 

0002 1. Technical Field 
0003. The inventive concept relates to substrate fabrica 

tion, and more particularly, to a semiconductor Substrate and 
a fabrication method thereof, and a semiconductor apparatus 
using the same and a fabrication method thereof. 
0004 2. Related Art 
0005 Semiconductor apparatuses need to be more highly 
integrated and highly densified, and various studies on the 
semiconductor apparatuses with high integration and high 
density have been made. As an example, Switching devices 
having a vertical structure or a horizontal structure have been 
developed. 
0006. The vertical switching device may ensure sufficient 
current drivability in a limited channel area. Further, a voltage 
drop due to an external resistor may be improved through a 
reduction in a source resistance. 

0007 Since the switching device having a horizontal 
channel structure is configured so that three Surfaces of an 
active region is Surrounded by a word line and so that a 
channel extends to a horizontal direction, memory devices 
may be fabricated in a stable form. Further, since two switch 
ing devices share a source region in a unit active region, and 
a storage node is configured on a drain region of each of the 
Switching devices, an area efficiency of a memory device 
configured in a horizontal form may be improved. 
0008 Semiconductor apparatuses, specifically, nonvola 

tile memory devices may be formed so that memory cells 
connected to one bit line, or all memory cells connected 
between the word lines and bit lines, share a common Source 
line. 

0009. The common source line may beformed by implant 
ing an impurity having a predetermined conductivity type in 
a semiconductor Substrate. As one example, the common 
Source region may be formed by implanting an N-type impu 
rity into a common source line formation region of a silicon 
Substrate formed through an epitaxial growth method and 
performing a heat treatment. 
0010. However, when the heat treatment for diffusing the 
N-type impurity into the silicon substrate is performed, the 
N-type impurity is non-uniformly diffused due to a difference 
in thermal diffusivity of the N-type impurity. Thus, an opera 
tional non-uniformity of the memory device results. When a 
region into which the impurity is not diffused is generated, the 
common Source line is disconnected and thus, the semicon 
ductor apparatus may not normally operate. 
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0011 FIGS. 1A and 1B illustrate a conventional semicon 
ductor apparatus. 
0012 Referring to FIGS. 1A and 1B, a local silicon-on 
insulator (SOI) structure, in which a semiconductor layer 103 
patterned in a first direction, is formed on a semiconductor 
substrate 101. The semiconductor layer 103 and the semicon 
ductor substrate 101 are locally insulated by an insulating 
layer 105. 
0013. A gate electrode structure 107, patterned to a direc 
tion perpendicular to the first direction, is formed on the local 
SOI structure. A spacer 109 is formed on facing sidewalls of 
the gate electrode structure 107. 
0014. The gate electrode structure 107 may be a stacked 
structure including a gate insulating layer 1071, a gate con 
ductive layer 1073 a barrier metal layer 1075, and a hard mask 
layer 1077. 
0015 Next, for example, N-type impurity is implanted to 
form a common Source region 111, a source region 5, and a 
drain region D. 
0016. The semiconductor substrate 101 may be formed 
through an epitaxial growth method. When a heat treatment 
process is performed after the impurity for the common 
Source region 111 is implanted, the impurity may be non 
uniformly diffused due to the diffusivity of the impurity in the 
semiconductor substrate 101. If the non-uniform diffusion of 
the impurity reaches a certain point, a disconnection portion 
(indicated by 'A') of the common source region 111 may 
result. 
0017. When the impurity are non-uniformly doped in the 
common Source region 111, operation characteristics 
between unit semiconductor apparatuses may be non-uni 
form, and fabrication yield of the semiconductor apparatus 
may be reduced. 

SUMMARY 

0018. An exemplary semiconductor substrate may include 
a semiconductor wafer, a silicon germanium (SiGe)-based 
impurity doping region formed on the semiconductor wafer; 
and a protection layer formed on the SiGe-based impurity 
doping region. 
0019. A method of fabricating an exemplary semiconduc 
tor Substrate may include forming a silicon germanium 
(SiGe) layer on a semiconductor wafer; forming a protection 
layer on the SiGe layer; and forming an impurity doping 
region by implanting an impurity into a predetermined region 
of the SiGe layer and performing a heat treatment. 
0020. An exemplary semiconductor apparatus. The semi 
conductor apparatus may include a semiconductor Substrate 
including a common Source region including a silicon germa 
nium (SiGe) layer doped with impurity; an active region 
formed on the semiconductor Substrate in a first direction, 
wherein a predetermined portion of the active region is elec 
trically connected to the common Source region, and wherein 
a remaining region of the active region is disposed over the 
semiconductor Substrate as a floating state; a gate structure 
formed on the active region in a second direction perpendicu 
lar to the first direction, wherein the gate structure surrounds 
an upper Surface and both sides of the active region; and a 
junction region formed in the active region, at both sides of 
the gate structure. 
0021. An exemplary method of fabricating a semiconduc 
tor apparatus may include forming a semiconductor Substrate 
by sequentially stacking a semiconductor wafer, a silicon 
germanium (SiGe) layer, and a protection layer, forming 
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active regions on the semiconductor Substrate, the active 
regions extending along the semiconductor wafer in a first 
direction, wherein each active region includes a portion that is 
electrically connected to the semiconductor Substrate, and a 
portion that is disposed over the semiconductor Substrate in a 
floating state; forming an insulating layer on the semiconduc 
tor substrate between the active regions, wherein the insulat 
ing layer is buried between the semiconductor Substrate and a 
floating portion of each of the active regions forming a gate 
structure on each of the active regions, the gate structure 
extending in a second direction perpendicular to the first 
direction; forming a junction region at both sides of the gate 
structure in each of the active regions; and forming a common 
Source region in the SiGe layer. 
0022. These and other features, aspects, and implementa 
tions are described below in the section entitled "DETAILED 
DESCRIPTION. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The above and other aspects, features and other 
advantages of the subject matter of the present disclosure will 
be more clearly understood from the following detailed 
description taken in conjunction with the accompanying 
drawings, in which: 
0024 FIGS. 1A and 1B illustrate a conventional semicon 
ductor apparatus; 
0.025 FIGS. 2A and 2B are cross-sectional views illustrat 
ing an exemplary Semiconductor Substrate; 
0026 FIGS. 3A to 3G are cross-sectional views illustrat 
ing a method of fabricating a semiconductor apparatus 
according to an exemplary implementation of the inventive 
concept; 
0027 FIGS. 4A to 4F are plan views illustrating a method 
of fabricating an exemplary semiconductor apparatus; 
0028 FIG.5 is a cross-sectional view illustrating a method 
fabricating an exemplary semiconductor apparatus; 
0029 FIG. 6 is a cross-sectional view illustrating a method 
of fabricating an exemplary semiconductor apparatus; and 
0030 FIG. 7 is a graph showing a doping concentration to 
a doping depth of an N-type impurity, based on a type of a 
substrate. 

DETAILED DESCRIPTION 

0031 Hereinafter, exemplary implementations will be 
described in greater detail with reference to the accompany 
ing drawings. 
0032 Exemplary implementations are described herein 
with reference to cross-sectional illustrations that are sche 
matic illustrations of exemplary implementations (and inter 
mediate structures). As such, variations from the shapes of the 
illustrations as a result, for example, of manufacturing tech 
niques and/or tolerances, are to be expected. Thus, exemplary 
implementations should not be construed as limited to the 
particular shapes of regions illustrated herein but may be to 
include deviations in shapes that result, for example, from 
manufacturing. In the drawings, lengths and sizes of layers 
and regions may be exaggerated for clarity. Like reference 
numerals in the drawings denote like elements. It is also 
understood that when a layer is referred to as being"on 
another layer or substrate, it can be directly on the other or 
Substrate, or intervening layers may also be present. 
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0033 FIGS. 2A and 2B are cross-sectional views illustrat 
ing an exemplary semiconductor Substrate. 
0034 Referring to FIG. 2A, a semiconductor substrate 
200 according to an exemplary implementation may include 
a semiconductor wafer 201, a silicon germanium (SiGe) 
based impurity doping region203 formed on a predetermined 
region of the semiconductor wafer 201, and a protection layer 
205 formed on the impurity doping region 203 to cover the 
semiconductor wafer 201. 
0035. The impurity doping region 203 may be formed on 
an entire surface of the semiconductor wafer 201. In another 
exemplary implementation, the impurity-doping region 203 
may be locally formed on a predetermined region of the 
semiconductor wafer 201. For example, the impurity-doping 
region 203 may be locally formed on the semiconductor 
wafer 201 in a line shape extending with a predetermined 
width in a first direction. 
0036 FIG. 2A is a cross-sectional view in the first direc 
tion when the impurity doping region 203 is formed on the 
entire surface of the semiconductor wafer 201, or when the 
impurity doping region 203 is formed in a line shape of the 
first direction. FIG. 2B is a cross-sectional view in a second 
direction being perpendicular to the first direction when the 
impurity-doping region 203 is formed in the line shape. 
0037. When the impurity-doping region 203 is locally 
formed as illustrated in FIG, 2B, a SiGe layer 203A may be 
formed on the semiconductor wafer 201 in which the impu 
rity-doping region 203 is not formed. 
0038. The semiconductor wafer 201 may be a silicon sub 
strate formed through an epitaxial growth method. 
0039. The impurity doping region 203 may serve as a 
common source region of memory array formed on the semi 
conductor Substrate in a Subsequent process. The impurity 
doping region 203 may be formed by doping an impurity, for 
example, an N-type impurity, into the SiGe layer 203A 
formed through an epitaxial growth method and performing a 
heat treatment. 
0040. The protection layer 205 may be a silicon layer 
formed through an epitaxial growth method and may prevent 
the impurity-doping region 203 from being damaged or 
removed in a Subsequent process. 
0041. To fabricate the semiconductor substrate 200, the 
SiGe layer 203A and a protection layer 205 are sequentially 
formed on the semiconductor wafer 201. Here, the SiGe layer 
203A may be formed by an epitaxial silicon growth method 
and may have a Ge concentration of about 5 wt % to about 30 
wt % and a thickness of about 50 A to about 1000 A. The 
protection layer 205 may be formed through an epitaxial 
growth method to a thickness of about 10 A to 200 A. 
0042. Next, the impurity-doping region 203 is formed by 
implanting an impurity in the predetermined region of the 
SiGe layer 203A and performing a heat treatment. The impu 
rity may be implanted into the SiGe layer 203A in a state in 
which a region of the SiGe layer 203A that will serve as a 
common Source region is exposed using a mask (not shown). 
Alternatively, the impurity may be implanted into the entire 
SiGe layer 203A. 
0043. Here, an N-type ion, such as phosphorous (P) or 
arsenic (AS), may be used as the impurity. The N-type ion may 
be implanted usingenergy in a range of about 20 KeV to about 
80 KeV. The heat treatment may be performed using a rapid 
thermal annealing (RTA) method. The heat treatment may be 
performed in a temperature in a range of about 800° C. to 
about 1200° C. for several seconds to several minutes. 
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0044) When the N-type impurity is implanted into the 
SiGe layer 203A and the heat treatment is performed, diffu 
sion speed of the N-type impurity is faster in the SiGe layer 
than in a Silayer. 
0045. Therefore, the common source region having a uni 
form impurity concentration may beformed in a semiconduc 
tor Substrate in which a semiconductor apparatus, such as a 
memory device, is to be formed. 
0046 Various semiconductor apparatuses may be fabri 
cated on the semiconductor substrate, as illustrated in FIGS. 
2A and 2B, or on a Substrate including a stack of undoped 
wafer/SiGe layer/protection layer. In any one process, from 
among processes of fabricating a semiconductor apparatus on 
the stacking substrate of undoped wafer/SiGe layer/protec 
tion layer, the common Source region may be performed by 
implanting an impurity into the SiGe layer and performing a 
heat treatment. 

0047 FIGS. 3A to 3G are cross-sectional views illustrat 
ing a method of fabricating an exemplary semiconductor 
apparatus. FIGS. 4A to 4F are plan views illustrating a 
method of fabricating an exemplary semiconductor appara 
tus. FIGS 3A to 3G and FIGS. 4A to 4F illustrate a method of 
fabricating an exemplary horizontal channel-switching 
device. However, the invention is not limited thereto. 
0048 First, referring to FIGS. 3A and 4A, a semiconduc 
tor Substrate having a structure in which a semiconductor 
wafer 301, a SiGe layer 303, and a protection layer 305 are 
sequentially stacked, is provided. A sacrificial layer 307 and 
a first semiconductor layer 309A are sequentially stacked on 
the protection layer 305. 
0049. The semiconductor wafer 301 may be a silicon sub 
strate formed through an epitaxial growth method. The SiGe 
layer 303 may be formed by an epitaxial growth method and 
may have a Ge concentration of about 5 wt % to about 30 wt 
% and a thickness of about 50 A to about 1000 A. The 
protection layer 205 may be a Silayer formed by text miss 
ing or illegible when filed 
0050. The SiGe layer 303 serves as a common source 
region in which an impurity is implanted in a Subsequent 
process. The protection layer 305 may prevent the common 
Source region from being damaged or removed in a Subse 
quent process. 
0051. The sacrificial layer 307 and the first semiconductor 
layer 309A may include semiconductor material layers hav 
ing different etch selectivity from each other. For example, 
the sacrificial layer 307 may be formed using SiGe, and the 
first semiconductor layer 309A may be formed using Si. The 
sacrificial layer 307 and the first semiconductor layer 309A 
may be formed through an epitaxial growth method to have a 
substantially perfect crystalline state. 
0052 For example, the sacrificial layer 307 may be 
formed by an epitaxial growth method and may have a Ge 
concentration of about 5 wt % to about 30 wt % and a thick 
ness of about 100 A to about 500 A. The first semiconductor 
layer 309A may be formed by an epitaxial growth method to 
a thickness of about 200 A to 1000 A. 
0053 Referring to FIGS. 38 and 48, a photoresist pattern 
(not shown) is formed to expose a predetermined region of the 
first semiconductor layer 309A. The predetermined region 
may include a source formation region. The first semiconduc 
tor layer 309A and the sacrificial layer 307 are patterned to 
form a hole 311 that exposes a surface of the protection layer 
305. 

Oct. 9, 2014 

0054. After the hole 311 is formed, a native oxide layer 
may be formed. The native oxide layer is completely 
removed, and a heat treatment is performed at a predeter 
mined temperature and in a hydrogen atmosphere. Therefore, 
as illustrated in FIGS. 3C and 4C, the first semiconductor 
layer 309A is flowed to fill the hole 311. To flow the first 
semiconductor layer 309A, heat treatment process may be 
used. The first semiconductor layer 309A becomes a second 
semiconductor layer 309. 
0055. Next, referring to FIGS. 3D and 4D, the second 
semiconductor layer 309 and the sacrificial layer 307 are 
patterned in a line shape in a direction perpendicular to a 
formation direction of a gate line (that is, a word line) to be 
formed in a Subsequent process, and active regions (i.e., the 
line shape pattern of the second semiconductor layer 309) is 
defined. The sacrificial layer 307 is removed along an 
exposed side of the active region patterned in the line shape. 
0056 Referring to FIGS. 3E and 4E, after the sacrificial 
layer 307 is removed, an insulating layer 313 is formed on the 
semiconductor wafer 301 in a space formed by the removal of 
the sacrificial layer 307. The insulating layer 313 may include 
a material that can fill the space from which the sacrificial 
layer 307 was removed. Therefore, the insulating layer 313 
may fill the space from which the sacrificial layer 307 was 
removed and may partially fill a space between the active 
regions. The insulating layer 313 is recessed so that the insu 
lating layer 313 remains on a surface of the protection layer 
305 between the active regions. Therefore, a local silicon-on 
insulator (SOI) structure, in which the insulating layer 313 is 
interposed between the protection layer 305 on the SiGelayer 
303 and the second semiconductor layer 309, is formed. 
0057. After the local SOI structure is formed, as illustrated 
in FIGS. 3E and 4E, a word line is formed through a gate 
formation process. Hereinafter, the SOI structure will be 
referred to as a bottom structure. 

0058. That is, as illustrated in FIGS. 3F and 4F, a gate 
insulating layer 3151 is formed on the bottom structure, and a 
gate conductive layer 3153, a barrier metal layer 3155, and a 
hard mask layer 3157 are sequentially formed on the gate 
insulating layer 3151. The gate insulating layer 3151, the gate 
conductive layer 3153, the barrier metal layer 3155, and the 
hard mask layer 3157 are patterned in a direction perpendicu 
lar to the active regions to form a gate structure 315, that is, a 
word line. A spacer 317 is formed on the second semiconduc 
tor layer 309 between the gate structures and on facing side 
walls of the gate structures 315. As illustrated in FIG. 3G, a 
mask (not shown) is formed on the gate structure 315, and an 
impurity is implanted insides of the gate structure 315 to form 
a source region S, a drain region, and a common source region 
CS. 

0059. The source region S is electrically connected to the 
common Source region CS, and the drain region D is formed 
on the second semiconductor layer 309 over the insulating 
layer 313. 
0060. To form the common source region CS, an N-type 
impurity is doped into the SiGe layer 303 and a heat treatment 
is performed. Here, an N-type ion, such as phosphorous (P) or 
arsenic (AS), may be used as the impurity. T the N-type ion 
may be implanted using energy in a range of about 20 KeV to 
about 80 KeV. The heat treatment may be performed using a 
RTA method. The heat treatment may be performed using a 
temperature in a range of about 800° C. to about 1200°C. for 
several seconds to several minutes. 
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0061. When the N-type impurity is implanted into the 
SiGe layer 303 and the heat treatment is performed, diffusion 
speed of the N-type impurity is faster in the SiGe layer than in 
a Silayer. Therefore, the common Source region CS, having a 
uniform impurity concentration, may be formed. 
0062. As described above, a semiconductor apparatus, 
Such as a Switching device, may be formed on the semicon 
ductor Substrate, in which the common source region is 
formed in the SiGelayer through anion implantation process. 
0063. As illustrated in FIG.3G, the formed semiconductor 
device, that is, the Switching structure having a horizontal 
channel structure may include the semiconductor Substrate 
301/CS/305, which includes the silicon wafer 301, the com 
mon Source region CS, which is a SiGe-based impurity dop 
ing region, and the protective layer 305, and the second semi 
conductor layer 309, which is an active region and is formed 
to extend to the first direction. As discussed above, a prede 
termined portion of the second semiconductor layer 309 is 
electrically connected to the semiconductor substrate 301/ 
CS/305. A portion of the second semiconductor layer 309, 
other than the predetermined portion, is disposed over the 
semiconductor substrate 301/CS/305 in a floating state. The 
gate structure 315 is formed on the second semiconductor 
layer 309 and extends in the second direction perpendicular to 
the first direction. The gate structure 315 surrounds an upper 
surface and both sides of the second semiconductor layer 309. 
Junction regions S and Dare formed in the second semicon 
ductor layer 309 at both sides of the gate structure 315. Here, 
a connection portion of the second semiconductor layer 209 
to the semiconductor substrate 301/CS/305 serves as a first 
junction region. That is, the Source region S. An insulating 
layer 313 is buried in a space between the floating portion of 
the second semiconductor layer 309 and the semiconductor 
substrate 301/CS/305. A second junction region, that is, the 
drain region D. may be formed in a portion of the second 
semiconductor layer 309 formed on the insulating layer 313. 
The Source region S is electrically connected to the common 
source region CS (303) through the protection layer 305. 
0064 FIG.5 is a cross-sectional view illustrating a method 
of fabricating an exemplary semiconductor apparatus. 
0065. In an alternative exemplary implementation, a sub 
strate including a semiconductor wafer 401, a common 
source region 403, and a protection layer 405 is provided. The 
common Source region 403 may be formed by doping an 
N-type impurity into a SiGe layer, formed through an epi 
taxial growth method, and performing heat treatment. Next, a 
sacrificial layer 407 and a first semiconductor layer 409A are 
sequentially formed on the substrate 400. 
0066. Subsequent fabrication processes of the semicon 
ductor apparatus may be the same as or similar to those 
illustrated in FIGS. 3B to 3G. In the alternative exemplary 
implementation, since the common source region 403 has 
been formed before the semiconductor device is formed, the 
impurity concentration may be more uniformly controlled. 
0067 FIG. 6 is a cross-sectional view illustrating a method 
of fabricating an exemplary semiconductor apparatus. 
0068. In an alternative exemplary implementation, a com 
mon source region 503 may be formed after an active region 
is defined. That is, after the active region 309 is defined 
through the processes illustrated in FIGS. 3A to 3D, the 
common source region 503 is formed by doping an N-type 
impurity into a SiGe layer and performing heat treatment. 
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0069. In FIG. 6, the reference numeral 501 denotes a semi 
conductor wafer, the reference numeral 505 denotes a protec 
tion layer, and the reference numeral 507 denotes a second 
semiconductor layer. 
0070 FIG. 7 is a view explaining doping concentration 
characteristic with respect to a doping depth of an N-type 
impurity based on a type of Substrate. For example, in an 
experimental example in which AS ions are implanted as the 
N-type impurity. In FIG. 7, a longitudinal axis indicates a 
concentration of the AS ions, and a lateral axis indicates a 
depth of an entire substrate (a silicon bare substrate or a 
Substrate including wafer/impurity doping region/protection 
layer. 
(0071 FIG. 7 shows the behavior of the As ions when an 
impurity doping region is formed by implanting the AS ions 
into an undoped Silayer and performing heat treatment. FIG. 
7 further shows the behavior of the As ions when an impurity 
doping region, that is, the common Source region, is formed 
by forming a SiGe layer and a Silayer on a semiconductor 
wafer, implanting the AS ions into the SiGe layer, and per 
forming the heat treatment. 
0072. It can be seen that when the impurity doping region 

is formed by implanting the AS ions into a bare Silayer and 
performing heat treatment (indicated by “-- in FIG. 7), as 
the depth is increased, the ion concentration is remarkably 
lowered, and there is no region in which the ion concentration 
is uniformly distributed. 
0073. It can be seen that when the impurity doping region, 
that is, the common source region, is formed by implanting 
the As ions into a SiGe layer with a target of about 100 A 
depth from the surface of the SiGe layer, and performing heat 
treatment (indicated by “-o- in FIG. 7), the ion concentration 
more uniform at a depth of between when compared to the 
bare silicon layer example. However, the ion concentration 
becomes non-uniformat a certain depth (more than about 200 
A) or more. 
0074. It can be seen that when the impurity doping region, 
that is, the common Source region, is formed by implanting 
the As ions into the SiGe layer with a target of about 400 A 
depth from the surface of the SiGe layer, and performing heat 
treatment (indicated by "-A- in FIG. 7), the ion concentra 
tion is almost uniform in a doping depth (about 50 to about 
600 A) of the common source region. 
0075. It has described that the common source region 
formed by doping an impurity into the SiGe layer and per 
forming heat treatment is applied to the Switching device 
having a horizontal channel structure. However, but the 
inventive concept is not limited thereto. The semiconductor 
Substrate of the inventive concept may be applied to any 
Switching device having a horizontal channel structure and all 
semiconductor devices requiring a common source region. 
0076. The above exemplary implementations are illustra 
tive and not limitative. Various alternatives and equivalents 
are possible. The invention is not limited by the implementa 
tion described herein. Nor is the invention limited to any 
specific type of semiconductor device. 
What is claimed is: 

1. A semiconductor Substrate, comprising: 
a semiconductor wafer; 
a silicon germanium (SiGe)-based impurity doping region 

formed on the semiconductor wafer; and 
a protection layer formed on the SiGe-based impurity dop 

ing region. 
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2. The semiconductor substrate of claim 1, wherein the 
SiGe-based impurity doping region is formed on an entire 
surface of the semiconductor wafer. 

3. The semiconductor substrate of claim 1, wherein the 
SiGe-based impurity doping region is formed on the semi 
conductor wafer in a line shape extending in a first direction. 

4. The semiconductor substrate of claim 3, further com 
prising: 

a plurality of SiGe-based impurity doping regions formed 
on the semiconductor wafer, and 

an undoped SiGe layer formed on the semiconductor wafer 
between the plurality of SiGe-based impurity doping 
regions. 

5. The semiconductor substrate of claim 1, wherein the 
semiconductor wafer is a silicon layer formed through an 
epitaxial growth method, and 

the protection layer is a silicon layer formed through an 
epitaxial growth method. 

6. The semiconductor substrate of claim 1, wherein the 
impurity doping region has a Ge concentration of about 5 wt 
% to about 30 wt % and a thickness of about 50 A to about 
1000 A. 

7. The semiconductor substrate of claim 6, wherein the 
protection layer is an epitaxially grown Si layer having a 
thickness of about 10 A to about 200 A. 

8. A method of fabricating a semiconductor substrate, the 
method comprising: 

forming a silicon germanium (SiGe) layer on a semicon 
ductor wafer; 

forming a protection layer on the SiGe layer, and 
forming an impurity doping region by implanting an impu 

rity into a predetermined region of the SiGe layer and 
performing a heat treatment. 

9. The method of claim 8, wherein the forming the SiGe 
layer comprises: 

epitaxially growing the SiGe layer to have a Ge concentra 
tion of about 5 wt % to about 30 wt % and a thickness of 
about 50 A to about 1000 A. 

10. The method of claim 8, wherein the forming a protec 
tion layer comprises: 

epitaxially growing a Silayer a thickness of about 10 A to 
about 200 A. 

11. The method of claim 8, wherein the planning an impu 
rity further comprises: 

implanting the impurity using energy of about 20 KeV to 
about 80 KeV. 

12. The method of claim 8, wherein the performing a heat 
treatment further comprises: 

performing a rapid thermal annealing (RTA) on the impu 
rity doping region at a temperature of about 800° C. to 
about 1200° C. for several seconds to several minutes. 

13. A semiconductor apparatus, comprising: 
a semiconductor Substrate including a common Source 

region including a silicon germanium (SiGe) layer 
doped with impurity; 

an active region formed on the semiconductor Substrate in 
a first direction, wherein a predetermined portion of the 
active region is electrically connected to the common 
Source region, and wherein a remaining region of the 
active region is disposed over the semiconductor Sub 
strate as a floating state; 
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a gate structure formed on the active region in a second 
direction perpendicular to the first direction, wherein the 
gate structure Surrounds an upper Surface and sides of 
the active region; and 

a junction region formed in the active region, at both sides 
of the gate structure. 

14. The semiconductor apparatus of claim 13, wherein the 
semiconductor Substrate includes: 

a semiconductor wafer, wherein the common Source region 
is formed on the semiconductor wafer; and 

a protection layer formed on the common source region. 
15. The semiconductor apparatus of claim 14, wherein the 

common Source region is formed on an entire Surface of the 
semiconductor wafer. 

16. The semiconductor apparatus of claim 14, wherein the 
common Source region is formed on the semiconductor wafer 
in a line shape extending in the first direction. 

17. The semiconductor apparatus of claim 16, further com 
prising: 

a plurality of common Source regions formed on the semi 
conductor wafer; and 

a SiGe layer formed on the semiconductor wafer between 
the plurality of common Source regions. 

18. The semiconductor apparatus of claim 14, wherein the 
common Source region has a Ge concentration of about 5 wt 
% to about 30 wt % and a thickness of about 50 A to about 
1000 A. 

19. The semiconductor apparatus of claim 18 wherein the 
protection layer is an epitaxially grown Si layer having a 
thickness of about 10 A to about 200 A. 

20. The semiconductor apparatus of claim 1, further com 
prising: 

an insulating layer buried in floating region of the active 
region, and 

wherein the junction regions include: 
a first junction region formed in the active region at a 

portion of the active region that connects to the common 
Source region, and 

a second junction region formed in a portion of the active 
region that is formed on the insulating layer. 

21. A method of fabricating a semiconductor apparatus, the 
method comprising: 

forming a semiconductor Substrate by sequentially stack 
ing a semiconductor wafer, a silicon germanium (SiGe) 
layer, and a protection layer, 

forming active regions on the semiconductor Substrate, the 
active regions extending along the semiconductor wafer 
in a first direction, wherein each active region includes a 
portion that is electrically connected to the semiconduc 
tor Substrate, and a portion that is disposed over the 
semiconductor Substrate in a floating state; 

forming an insulating layer buried between the semicon 
ductor Substrate and a floating portion of each of the 
active regions; 

forming a gate structure on each of the active regions, the 
gate structure extending in a second direction perpen 
dicular to the first direction; 

forming a junction region at sides of the gate structure in 
each of the active regions; and 

forming a common Source region in the SiGe layer. 
22. The method of claim 21, wherein the forming the SiGe 

layer comprises: 
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epitaxially growing the SiGe layer to have a Ge concentra 
tion of about 5 wt % to about 30 wt % and a thickness of 
about 50 A to about 1000 A. 

23. The method of claim 22, wherein the forming a protec 
tion layer comprises: 

epitaxially growing a Silayer a thickness of about 10 A to 
about 200 A. 

24. The method of claim 21, wherein the forming a com 
mon source region includes: 

implanting an impurity into the Site layer using an energy 
of about 20 KeV to about 80 KeV; and 

performing rapid thermal annealing (RTA) using a tem 
perature of about 800° C. to 1200° C. for several seconds 
to several minutes. 

25. The method of claim 21, wherein the forming of the 
active regions includes: 

sequentially stacking a sacrificial layer and a first semicon 
ductor layer on the semiconductor Substrate; 

patterning, in the second direction, the first semiconductor 
layer and the sacrificial layer to form holes exposing a 
surface of the protection layer to electrically connect 
each active region to the semiconductor Substrate; 

forming a second semiconductor layer by flowing the first 
semiconductor layer to bury the holes; 

patterning, in the first direction, the second semiconductor 
layer o expose the Surface of the semiconductor Sub 
strate; and 

removing the sacrificial layer. 


