SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to Korean Patent Application No. 10-2018-0016380,
filed on February 9, 2018, in the Korean Intellectual Property Office, the disclosure of which is

hereby incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] The present inventive concept generally relates to a semiconductor device, and more

particularly, to a semiconductor device including a field effect transistor (FET).

BACKGROUND
[0003] A semiconductor device includes an integrated circuit constituted by metal oxide
semiconductor field effect transistors (MOSFETSs). As a size and design rule of the
semiconductor device is reduced, the size of the MOSFETS are also scale-downed. Operation
characteristics of the semiconductor device can be lowered by the scale-down of the MOSFETS.
Thus, various methods of fabricating a semiconductor device have been studied to improve

performance, while overcoming any limitations imposed on by the high integration.

SUMMARY
[0004] Some embodiments of the present inventive concept provide a semiconductor device
including a well region in a substrate, a semiconductor pattern on the well region, the
semiconductor pattern being doped with an impurity, and a gate electrode on the semiconductor
pattern. A doping concentration of the impurity in the semiconductor pattern may increase in a
direction from an upper portion of the semiconductor pattern, adjacent to the gate electrode, to a
lower portion of the semiconductor pattern, adjacent to the well region.
[0005] Further embodiments of the present inventive concept provide a semiconductor device
including a well region in a substrate, a semiconductor pattern on a well region, isolation patterns
in the well region at opposite sides of the semiconductor pattern, a gate electrode covering the
semiconductor pattern and the isolation patterns, and source/drain regions on the well region at

opposite sides of the gate electrode. The semiconductor pattern may be interposed between the
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source/drain regions and may be doped with an impurity. A doping concentration of the
impurity in the semiconductor pattern may increase in a direction from an upper portion of the
semiconductor pattern, adjacent to the gate electrode, to a lower portion of the semiconductor

pattern, adjacent to the well region.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept.
[0007] FIG. 1B is a cross-section taken along lines I-I', and II-II' of FIG. 1A according to some
embodiments of the present inventive concept.
[0008] FIG. 2 is a graph representing an impurity concentration in a semiconductor pattern
according to some embodiments of the present inventive concept.
[0009] FIGS. 3A and 4A are perspective views illustrating a method of fabricating a
semiconductor device according to some embodiments of the present inventive concept.
[0010] FIGS. 3B and 4B are cross-sections taken along lines I-I' and II-IT' of FIGS. 3A and 4A,
respectively, according to some embodiments of the present inventive concept.
[0011] FIG. 5A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept.
[0012] FIG. 5B is a cross-section taken along lines I-I', II-IT', ITI-III', and IV-IV' of FIG. 5A
according to some embodiments of the present inventive concept.
[0013] FIG. 6A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept.
[0014] FIG. 6B is a cross-section taken along lines I-I' and II-IT' of FIG. 6A according to some
embodiments of the present inventive concept.
[0015] FIG. 7A is a perspective view illustrating a method of fabricating a semiconductor
device according to some embodiments of the present inventive concept.
[0016] FIG. 7B is a cross-section taken along lines I-I' and II-II' of FIG. 7A according to some
embodiments of the present inventive concept.
[0017] FIG. 8A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept.

[0018] FIG. 8B is a cross-section taken along lines I-I', II-IT', III-IIT', and IV-IV"' of FIG. 8A.
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DETAILED DESCRIPTION
[0019] Various example embodiments will now be described more fully hereinafter with
reference to the accompanying drawings. Like reference numerals may refer to like elements
throughout this application.
[0019] FIG. 1A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept. FIG. 1B is a cross-section taken along lines I-I',
and II-IT' of FIG. 1A. FIG. 2 is a graph representing an impurity concentration in a
semiconductor pattern according to some embodiments of the present inventive concept.
[0020] Referring to FIGS. 1A and 1B, a well region 102 is disposed in a substrate 100. The
substrate 100 may be a semiconductor substrate. The substrate 100 may be, for example, a
silicon substrate, a germanium substrate, a silicon-germanium substrate, a silicon on insulator
(SOI) substrate and the like. The well region 102 may be a doping region in which a dopant of a
first conductivity type is injected into the substrate 100. The well region 102 may have the first
conductivity type. When the first conductivity type is an N-type, the dopant of the first
conductivity type may be, for example, phosphorus (P). When the first conductivity type is a P-
type, the dopant of the first conductivity type may be, for example, boron (B).
[0021] A semiconductor pattern 110 is disposed on the well region 102. The semiconductor
pattern 110 may be an epitaxial pattern formed using the substrate 100 as a seed. For example,
the semiconductor pattern 110 may be a silicon pattern epitaxially grown using the substrate 100
as a seed. The semiconductor pattern 110 may include an impurity. The impurity in the
semiconductor pattern 110 may include, for example, carbon, oxygen, and/or nitrogen. The
dopant of the first conductivity type in the well region 102 may include a different element from
the impurity in the semiconductor pattern 110.
[0022] Referring to FIGS. 1A, 1B, and 2, a concentration of the impurity in the semiconductor
pattern 110 increases in a direction from an upper surface 110U of the semiconductor pattern 110
to a lower surface 110L thereof. The impurity concentration in an upper portion of the
semiconductor pattern 110, adjacent to the upper surface 110U thereof, may be lower than that in
a lower portion of the semiconductor pattern 110, adjacent to the lower surface 110L thereof.
The impurity concentration in the upper portion of the semiconductor pattern 110 may be, for

example, less than 1E18 atoms/cm3. The impurity concentration in the lower portion of the
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semiconductor pattern 110 may be, for example, greater than 1E21 atoms/cm3. The impurity
concentration in an intermediate portion of the semiconductor pattern 110 may be higher than
that in the upper portion thereof and lower than that in the lower portion thereof. The
intermediate portion of the semiconductor pattern 110 may be disposed between the upper
portion thereof and the lower portion thereof.

[0023] The impurity concentration in the semiconductor pattern 110 may increase as farther
away from the upper surface 110U of the semiconductor pattern 110 and as closer to the lower
surface 110L thereof. The impurity concentration in the semiconductor pattern 110 may
continuously increase in a direction from the upper surface 110U of the semiconductor pattern
110 to the lower surface 110L thereof.

[0024] Referring again to FIGS. 1A and 1B, isolation patterns 104 are disposed in the well
region 102 at opposite sides of the semiconductor pattern 110. The isolation patterns 104 may be
spaced apart from each other in a first direction D1 and extend in a second direction D2 crossing
the first direction D1. The isolation patterns 104 may penetrate an upper portion of the well
region 102. The semiconductor pattern 110 may be disposed on the well region 102 between the
isolation patterns 104. The isolation patterns 104 may expose sidewalls, respectively, of the
semiconductor pattern 110. An uppermost surface of each of the isolation patterns 104 may be
positioned at a lower level than the upper surface 110U of the semiconductor pattern 110 with
respect to an upper surface of the substrate 100. The semiconductor pattern 110 may protrude
above the uppermost surfaces of the isolation patterns 104 along a third direction D3
perpendicular to both the first direction D1 and the second direction D2. The isolation patterns
104 may include, for example, oxide, nitride, and/or oxynitride.

[0025] The semiconductor pattern 110 has first sidewalls S1 that are opposite to each other in
the first direction D1 and second sidewalls S2 that are opposite to each other in the second
direction D2. The isolation patterns 104 may expose the opposite first sidewalls S1,
respectively, of the semiconductor pattern 110.

[0026] A gate structure GS is disposed on the semiconductor pattern 110. The gate structure GS
may extend in the first direction D1 and traverse the semiconductor pattern 110 and the isolation
patterns 104. The gate structure GS includes a gate electrode GE, a gate insulation pattern GI
between the semiconductor pattern 110 and the gate electrode GE, gate spacers GSP on sidewalls

of the gate electrode GE, and a gate capping pattern CAP on an upper surface of the gate
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electrode GE. The gate electrode GE may extend in the first direction D1 and cover the upper
surface 110U and first sidewalls S1 of the semiconductor pattern 110 and the upper surfaces of
the isolation patterns 104. The gate insulation pattern GI may extend along a lower surface of
the gate electrode GE. The gate insulation pattern GI may be interposed between the upper
surface 110U of the semiconductor pattern 110 and the gate electrode GE and between each of
the first sidewalls of the semiconductor pattern 110 and the gate electrode GE, and extend
between the upper surface of each of the isolation patterns 104 and the gate electrode GE. The
gate spacers GSP may extend in the first direction D1 along the sidewalls of the gate electrode
GE. The gate capping layer CAP may extend in the first direction D1 along the upper surface of
the gate electrode GE.

[0027] The gate electrode GE may include conductive metal nitride (for example, titanium
nitride or tantalum nitride) and/or metal (for example, aluminum or tungsten). The gate
insulation pattern GI may include a high-k dielectric material. For example, the gate insulation
pattern GI may include hafnium oxide, hafnium silicate, zirconium oxide, and/or zirconium
silicate. The gate spacers GSP and the gate capping pattern CAP may include nitride, for
example, silicon nitride.

[0028] Source/drain regions SD are disposed on the well region 102 at opposite sides of the gate
structure GS. Each of the source/drain regions SD may be disposed on the well region 102
between the isolation patterns 104. The semiconductor pattern 110 may be interposed between
the source/drain regions SD. The source/drain regions SD may be spaced apart from each other
in the second direction D2 with the semiconductor pattern 110 therebetween. The source/drain
regions SD may cover the opposite second sidewalls S2, respectively, of the semiconductor
pattern 110. The source/drain regions SD may be connected to each other through the
semiconductor pattern 110. The source/drain regions SD may be semiconductor epitaxial
patterns formed using the substrate 100 as a seed. For example, the source/drain regions SD may
be at least one of a silicon (Si) pattern, a silicon germanium (SiGe) pattern, and a silicon carbide
(SiC) pattern, that is epitaxially grown using the substrate 100 as a seed. An uppermost surface
of each of the source/drain regions SD may be positioned at a higher level than the upper surface
110U of the semiconductor pattern 110 with respect to the upper surface of the substrate 100.
[0029] The source/drain regions SD may include a dopant of a second conductivity type. The

source/drain regions SD may have the second conductivity type. The second conductivity type
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may be different from the first conductivity type. For example, when the first conductivity type
is an N type, the second conductivity type is a P type. When the first conductivity type is the P
type, the second conductivity type is the N type. The source/drain regions SD may have a
different conductivity type from the well region 102. When the second conductivity type is the
N type, the dopant of the second conductivity type may be, for example, phosphorus (P). When
the second conductivity type is the P type, the dopant of the second conductivity type may be, for
example, boron (B).

[0030] The semiconductor pattern 110, the gate electrode GE, and the source/drain regions SD
may constitute a transistor. The semiconductor pattern 110 may act as a channel of the transistor
(for example, FinFET). The upper surface 110U of the semiconductor pattern 110 may be
adjacent to the gate electrode GE. The lower surface 110L of the semiconductor pattern 110
may be adjacent to the well region 102. The impurity concentration in the semiconductor pattern
110 may increase in a direction from the upper portion of the semiconductor pattern 110,
adjacent to the gate electrode GE, to the lower portion thereof, adjacent to the well region 102.
[0031] When the transistor is an NMOSFET, the first conductivity type of the well region 102
may be the P type, and the second conductivity type of the source/drain regions SD may be the N
type. In these embodiments, the source/drain regions SD may apply a tensile strain to the
semiconductor pattern 110. When the transistor is a PMOSFET, the first conductivity type of the
well region 102 may be the N type, and the second conductivity type of the source/drain regions
SD may be the P type. In these embodiments, the source/drain regions SD may be apply a
compressive strain to the semiconductor pattern 110

[0032] In embodiments where a transistor using an intrinsic semiconductor pattern as a channel
is disposed on the well region 102, a barrier pattern may be provided between the well region
102 and the intrinsic semiconductor pattern to reduce the likelihood that the dopant in the well
region 102 will diffuse into the intrinsic semiconductor pattern during the following thermal
process. The barrier pattern may include a different material from the intrinsic semiconductor
pattern. In these embodiments, an etch rate of the barrier pattern and an etch rate of the intrinsic
semiconductor pattern may be different during an etch process for forming the barrier pattern and
the intrinsic semiconductor pattern, thereby causing a profile defect of an active pattern including

the barrier pattern and the intrinsic semiconductor pattern.



[0033] In some embodiments, the transistor (for example, fin field effect transistor (FinFET))
using the semiconductor pattern 110 as the channel thereof may be provided. The semiconductor
pattern 110 may include the impurity. The impurity concentration in the semiconductor pattern
110 may increase in a direction from the upper portion of the semiconductor pattern 110,
adjacent to the gate electrode GE, to the lower portion thereof, adjacent to the well region 102.
In these embodiments, as the lower portion of the semiconductor pattern 110 includes the
impurity at a relatively high concentration. The likelihood that the dopant in the well region 102
will diffuse into the semiconductor pattern 110 during the following thermal process may be
reduced, or possibly prevented.

[0034] Furthermore, an additional barrier pattern may not be provided between the
semiconductor pattern 110 and the well region 102. Thus, the likelihood of a profile defect of
the semiconductor pattern 110 (i.e., active pattern) may be reduced, or possibly prevented, during
the etching process for forming the semiconductor pattern 110.

[0035] FIGS. 3A and 4A are perspective views illustrating methods of fabricating a
semiconductor device according to some embodiments of the present inventive concept. FIGS.
3B and 4B are cross-sections taken along lines I-I' and II-II' of FIGS. 3A and 4A, respectively.
The descriptions to the same elements as described with reference to FIGS. 1A, 1B, and 2 are
omitted or briefly mentioned for brevity.

[0036] Referring to FIGS. 3A and 3B, the well region 102 is formed in the substrate 100. The
well region 102 may be formed by injecting a dopant of a first conductivity type into the
substrate 100. For example, the well region 102 may be formed by performing an ion
implantation process at a normal or high temperature. A semiconductor layer 110R is formed on
the well region 102. For example, the semiconductor layer 110R may be formed by performing
a selective epitaxial growth process using the substrate 100 as a seed. The semiconductor layer
110R may include, for example, silicon. The formation of the semiconductor layer 110R may
include introducing an impurity into the semiconductor layer 110R during or after the selective
epitaxial growth process. The impurity may include, for example, carbon, nitrogen, and/or
oxygen. The impurity may be introduced in the semiconductor layer 110R to have a
concentration gradient therein. A concentration of the impurity in the semiconductor layer 110R

may increase as closer to the well region 102.



[0037] Referring to 4A and 4B, the semiconductor layer 110R is patterned to form preliminary
semiconductor patterns 110P. The preliminary semiconductor patterns 110P may be spaced
apart from each other in the first direction D1 and extend in the second direction D2. The well
region 102 at opposite sides of each of the preliminary semiconductor patterns 110P is patterned
to form trenches T. Each of the trenches T may penetrate an upper portion of the well region
102. The trenches T may be spaced apart from each other in the first direction D1 and extend in
the second direction D2. Each of the preliminary semiconductor patterns 110P may be disposed
on the well region 102 between the trenches T. The isolation patterns 104 are formed in the
trenches T, respectively. For example, the isolation patterns 104 may formed by forming an
insulation layer on the preliminary semiconductor patterns 110P to fill the trenches T and
planarizing the insulation layer to expose upper surfaces of the preliminary semiconductor
patterns 110P. Upper portions of the isolation patterns 104 may be recessed to expose sidewalls
of the preliminary semiconductor patterns 110P.

[0038] Referring again to FIGS. 1A and 1B, each of the preliminary semiconductor patterns
110P is patterned to form the semiconductor pattern 110. The formation of the semiconductor
pattern 110 may include etching a portion of each of the preliminary semiconductor patterns
110P to expose the well region 102 at opposite sides of the semiconductor pattern 110. The
source/drain regions SD are formed on the well region 102 at the opposite sides of the
semiconductor pattern 110. The source/drain regions SD may be formed by performing a
selective epitaxial growth process using the substrate 100 as a seed. The formation of the
source/drain regions SD may include injecting a dopant of a second conductivity type in the
source/drain regions SD during or after the selective epitaxial growth process.

[0039] The gate structure GS are formed to traverse the semiconductor pattern 110 and the
isolation patterns 104. For example, the formation of the gate structure GS may include by
forming sacrificial gate pattern traversing the semiconductor pattern 110 and the isolation
patterns 104, forming the gate spacers GSP an opposite sidewalls of the sacrificial gate pattern,
removing the sacrificial gate pattern to form a gap region between the gate spacers GSP,
sequentially forming a gate insulation layer and a gate electrode layer to fill the gap region,
planarizing the gate insulation layer and the gate electrode layer to form the gate insulation
pattern GI and the gate electrode GE in the gap region, and forming the gate capping pattern

CAP on the gate electrode GE in the gap region. The semiconductor pattern 110 may have the
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sidewalls S1 that are opposite to each other in the first direction D1 and the second sidewalls S2
that are opposite to each other in the second direction D2. The isolation patterns 104 may expose
the first sidewalls S1, respectively, of the semiconductor pattern 110. The gate structure GS may
cover the exposed first sidewalls S1 of the semiconductor pattern 110. The source/drain regions
SD may cover the second sidewalls S2, respectively of the semiconductor pattern 110.

[0040] In some embodiments of the present inventive concept, the additional barrier pattern may
not be formed between the semiconductor pattern 110 and the well region 102. In these
embodiments, the likelihood of a profile defect in the semiconductor pattern (i.e., the active
pattern) may be reduced, or possibly prevented, during the process of etching the semiconductor
layer 110R and the preliminary semiconductor pattern 110P to form the semiconductor pattern
110.

[0020] FIG. 5A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept. FIG. 5B is a cross-section taken along lines I-T',
II-1T', TMI-1IT', and IV-IV' of FIG. 5A. Differences between the present example embodiments and
the above example embodiments described with reference to FIGS. 1A, 1B, and 2 will be mainly
described, hereinafter.

[0041] Referring to FIGS. 5A and 5B, the substrate 100 includes a first region R1 and a second
region R2. The first region R1 and the second region R2 may be different regions from each
other. A first well region 102a is disposed in the first region R1. A second well region 102b is
disposed in the second region R2. The first well region 102a and the second well region 102b
may have different conductivity types from each other. The first well region 102a may be a
doping region in which a dopant of a first conductivity type is injected into the substrate 100.
The second well region 102b may be a doping region in which a dopant of a second conductivity
type is injected into the substrate 100. When the first conductivity type is an N type, the second
conductivity type may be a P type. When the first conductivity type is the P type, the second
conductivity type may be the N type.

[0042] A first active structure AS1 and a first gate structure GS1 are disposed on the first well
region 102a. The first gate structure GS1 may extend in the first direction D1 and traverse the
first active structure AS1. The first active structure AS1 includes a first semiconductor pattern

110a below the first gate structure GS1, and first source/drain regions SD1 at opposite sides of



the first gate structure GS1. The first source/drain regions SD1 may be spaced apart from each
other in the second direction D2 with the first semiconductor pattern 110a therebetween.

[0043] The first semiconductor pattern 110a may be substantially the same as the semiconductor
pattern 110 described with reference to FIGS. 1A, 1B and 2. The first semiconductor pattern
110a may be an epitaxial pattern formed using the substrate 100 as a seed. The first
semiconductor pattern 110a may include an impurity. The dopant of the first conductivity type
in the first well region 102a may include a different element from the impurity in the first
semiconductor pattern 110a. A concentration of the impurity in the first semiconductor pattern
110a may increase in a direction from an upper portion of the first semiconductor pattern 110a,
adjacent to the first gate structure GS1, to a lower portion thereof, adjacent to the first well
region 102a.

[0044] The first source/drain regions SD1 may be disposed on the first well region 102a at the
opposite sides of the first gate structure GS1. The first semiconductor pattern 110a may be
disposed between the first source/drain regions SD1. The first source/drain regions SD1 may be
connected to each other through the first semiconductor pattern 110a. The first source/drain
regions SD1 may be epitaxial patterns formed using the substrate 100 as a seed and include a
dopant of the second conductivity type. The first source/drain regions SD1 may have a different
conductivity type from the first well region 102a.

[0045] The isolation patterns 104 are disposed in the first well region 102a at opposite sides of
the first active structure AS1. The isolation patterns 104 may be spaced apart from each other in
the first direction D1 and extend in the second direction D2. The first active structure AS1 may
be disposed on the first well region 102a between the isolation patterns 104. The isolation
patterns 104 may penetrate an upper portion of the first well region 102a. The isolation patterns
104 may expose sidewalls, respectively, of the first semiconductor pattern 110a. The first gate
structure GS1 may cover an upper surface and the exposed sidewalls of the first semiconductor
pattern 110a and traverse the isolation patterns 104. The first gate structure GS1 may be
substantially the same as the gate structure GS described with reference to FIGS. 1A, 1B, and 2.
[0046] The first semiconductor pattern 110a, a gate electrode GE of the first gate structure GS1,
and the first source/drain regions SD1 may constitute a first transistor. The first semiconductor
pattern 110a may act as a channel of the first transistor. For example, the first transistor may be

an NMOSFET. In these embodiments, the first conductivity type of the first well region 102a
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may be a P type, and the second conductivity type of the first source/drain regions SD1 may be
an N type. The first source/drain regions SD1 may apply a tensile strain to the first
semiconductor pattern 110a.

[0047] A second active structure AS2 and a second gate structure GS2 are disposed on the
second well region 102b. The second gate structure GS2 may extend in the first direction D1
and traverse the second active structure AS2. The second active structure AS2 includes a second
semiconductor pattern 110b below the second gate structure GS2, and second source/drain
regions SD2 at opposite sides of the second gate structure GS2. The second source/drain regions
SD2 may be spaced apart from each other in the second direction D2 with the second
semiconductor pattern 110b therebetween.

[0048] The second semiconductor pattern 110b may be substantially the same as the
semiconductor pattern 110 described with reference to FIGS. 1A, 1B and 2. The second
semiconductor pattern 110b may include the same material as the first semiconductor pattern
110a. The second semiconductor pattern 110b may be an epitaxial pattern formed using the
substrate 100 as a seed. The second semiconductor pattern 110b may include an impurity. The
dopant of the second conductivity type in the second well region 102b may be a different
element from the impurity in the second semiconductor pattern 110b. A concentration of the
impurity in the second semiconductor pattern 110b may increase in a direction from an upper
portion of the second semiconductor pattern 110b, adjacent to the second gate structure GS2, to a
lower portion thereof, adjacent to the second well region 102b.

[0049] The second source/drain regions SD2 may be disposed on the second well region 102b at
the opposite sides of the second gate structure GS2. The second semiconductor pattern 110b
may be disposed between the second source/drain regions SD2. The second source/drain regions
SD2 may be connected to each other through the second semiconductor pattern 110b. The
second source/drain regions SD2 may be epitaxial patterns formed using the substrate 100 as a
seed and include a dopant of the first conductivity type. The second source/drain regions SD2
may have a different conductivity type from the second well region 102b.

[0050] The isolation patterns 104 are disposed in the second well region 102b at opposite sides
of the second active structure AS2. The isolation patterns 104 may be spaced apart from each
other in the first direction D1 and extend in the second direction D2. The second active structure

AS2 may be disposed on the second well region 102b between the isolation patterns 104. The
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isolation patterns 104 may penetrate an upper portion of the second well region 102b. The
isolation patterns 104 may expose sidewalls, respectively, of the second semiconductor pattern
110b. The second gate structure GS2 may cover an upper surface and the exposed sidewalls of
the second semiconductor pattern 110b and traverse the isolation patterns 104. The second gate
structure GS2 may be substantially the same as the gate structure GS described with reference to
FIGS. 1A, 1B, and 2.

[0051] The second semiconductor pattern 110b, a gate electrode GE of the second gate structure
GS2, and the second source/drain regions SD2 may constitute a second transistor. The second
semiconductor pattern 110b may act as a channel of the second transistor. For example, the
second transistor may be a PMOSFET. In these embodiments, the second conductivity type of
the second well region 102b may be an N type, and the first conductivity type of the second
source/drain regions SD2 may be a P type. The second source/drain regions SD2 may apply a
compressive strain to the second semiconductor pattern 110b.

[0052] In some embodiments, the first transistor and the second transistor that have different
conductivity types may be provided on the substrate 100. The first transistor may use the first
semiconductor pattern 110a as the channel thereof. The second transistor may use the second
semiconductor pattern 110b as the channel thereof. The first semiconductor pattern 110a and the
second semiconductor pattern 110b may include the impurity. The impurity concentration in the
first semiconductor pattern 110a may be relatively high in the lower portion thereof, adjacent to
the first well region 102a. The impurity concentration in the second semiconductor pattern 110b
may be relatively high in the lower portion thereof, adjacent to the second well region 102b.
Thus, the likelihood that the dopants in the first well region 102a and the second well region
102b are diffused into the first semiconductor pattern 110a and the second semiconductor pattern
110b may be reduced, or possibly prevented.

[0053] FIG. 6A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept. FIG. 6B is a cross-section taken along lines I-I'
and II-II' of FIG. 6A. Differences between the present example embodiments and the above
example embodiments described with reference to FIGS. 1A, 1B, and 2 will be mainly described,

hereinafter.
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[0054] Referring to FIGS. 6A and 6B, the well region 102 is disposed in the substrate 100. The
well region 102 may be a doping region in which a dopant of a first conductive type is injected
into substrate 100. The well region 102 may have the first conductivity type.

[0055] The semiconductor layer 110R is disposed on the well region 102. The semiconductor
layer 110R may be an epitaxial layer formed using the substrate 100 as a seed. For example, the
semiconductor layer 110R may include a silicon layer epitaxially grown using the substrate 100
as a seed. The semiconductor layer 110R may include an impurity. The impurity in the
semiconductor layer 110R may include, for example, carbon, nitrogen, and/or oxygen. The
dopant of the first conductivity type in the well region 102 may include a different element from
the impurity in the semiconductor layer 110R. A concentration of the impurity in the
semiconductor layer 110R may continuously increase in a direction from the upper surface 110U
of the semiconductor layer 110R to the lower surface 110L of the semiconductor layer 110R, as
describe with reference to FIG. 2.

[0056] The gate structure GS is disposed on the semiconductor layer 110R. The gate structure
GS includes the gate electrode GE extending in the first direction D1, the gate insulation pattern
GI between the semiconductor layer 110R and the gate electrode GE, the gate spacers GSP on
sidewalls of the gate electrode GE, and the gate capping pattern CAP on an upper surface of the
gate electrode GE. The gate electrode GE may cover the upper surface 110U of the
semiconductor layer 110R. The gate insulation pattern GI may be interposed between the upper
surface 110U of the semiconductor layer 110R and the gate electrode GE. The gate spacers GSP
may extend in the first direction D1 along the sidewalls of the gate electrode GE. The gate
capping layer CAP may extend in the first direction D1 along the upper surface of the gate
electrode GE.

[0057] The source/drain regions SD are disposed in the semiconductor layer 110R at opposite
sides of the gate structure GS. The source/drain regions SD may be doping regions in which a
dopant of a second conductivity type is injected into the semiconductor layer 110R. The
source/drain regions SD may have the second conductivity type. The second conductivity type
may be different from the first conductivity type. The source/drain regions SD may have a
different conductivity type from the well region 102. The source/drain regions SD may extend
into the well region 102. A portion of the semiconductor layer 110R may be disposed below the

gate structure GS and between the source/drain regions SD. The source/drain regions SD may be
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spaced apart from each other in the second direction D2 with the portion of the semiconductor
layer 110R therebetween. The portion of the semiconductor layer 110R may refer to a
semiconductor pattern.

[0058] The portion of the semiconductor layer 110R, the gate electrode GE, and the source/drain
regions SD may constitute a transistor. The portion of the semiconductor layer 110R may act as
a channel of the transistor (for example, FinFET). The upper surface 110U of the semiconductor
layer 110R may be adjacent to the gate electrode GE. The lower surface 110L of the
semiconductor layer 110R may be adjacent to the well region 102. The impurity concentration
in the semiconductor layer 110R may increase in a direction from the upper portion of the
semiconductor layer 110R, adjacent to the gate electrode GE, to the lower portion thereof,
adjacent to the well region 102. When the transistor is an NMOSFET, the first conductivity type
of the well region 102 may be a P type, and the second conductivity type of the source/drain
regions SD may be an N type. When the transistor is a PMOSFET, the first conductivity type of
the well region 102 may be the N type, and the second conductivity type of the source/drain
regions SD may be the P type.

[0021] FIG. 7A is a perspective view illustrating methods of fabricating a semiconductor device
according to some embodiments of the present inventive concept. FIG. 7B is a cross-section
taken along lines I-I' and II-II' of FIG. 7A. The descriptions to the same element as described
with reference to FIGS. 6A and 6B will be omitted or briefly mentioned, hereinafter.

[0059] Referring to FIGS. 7A and 7B, the well region 102 is disposed in the substrate 100. The
well region 102 may be formed by injecting the dopant of the first conductivity type into the
substrate 100. For example, the well region 102 may be formed by performing an ion
implantation process at a normal or high temperature. The semiconductor layer 110R is formed
in the well region 102. The formation of the semiconductor layer 110R may be the same as
described with reference to FIGS. 3A and 3B. The semiconductor layer 110R may have a
thickness in the third direction D3. In some embodiments, the semiconductor layer 110R may be
formed to be relatively thin.

[0060] Referring again to FIGS. 6A and 6B, the gate structure GS is formed on the
semiconductor layer 110R. The formation of the gate structure GS may include, for example,
sequentially forming the gate insulation pattern GI, the gate electrode GE, and the gate capping

pattern CAP on the semiconductor layer 110R, and forming the gate spacers GSP on the opposite
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sidewalls of the gate electrode GE. The source/drain regions SD may be formed in the
semiconductor layer 110R at the opposite sides of the gate structure GS. The source/drain
regions SD may be formed by injecting the dopant of the second conductivity type in the
semiconductor layer 110R at the opposite sides of the gate structure GS.

[0022] FIG. 8A is a perspective view of a semiconductor device according to some
embodiments of the present inventive concept. FIG. 8B is a cross-section taken along lines I-I',
[I-1T', TII-1IT', and IV-IV' of FIG. 8A. Differences between the present example embodiments and
the above example embodiments described with reference to FIGS. 1A, 1B, and 2 will be mainly
described, hereinafter.

[0061] Referring to FIGS.8A and 8B, the substrate 100 includes a first region R1 and a second
region R2. The first region R1 and the second region R2 may be different regions from each
other. A first well region 102a is disposed in the first region R1 of the substrate 100. A second
well region 102b is disposed in the second region R2 of the substrate 100. The first well region
102a and the second well region 102b may have different conductivity types from each other.
The first well region 102a may be a doping region in which a dopant of a first conductivity type
is injected in the first region R1 of the substrate 100. The second well region 102b may be a
doping region in which a dopant of a second conductivity type is injected in the second region
R1 of the substrate 100. When the first conductivity type is an N type, the second conductivity
type may be a P type. When the first conductivity type is a P type, the second conductivity type
may be an N type.

[0062] A semiconductor layer 110R is disposed in the first well region 102a and the second well
region 102b. The semiconductor layer 110R may be an epitaxial layer formed using the
substrate 100 as a seed. For example, the semiconductor layer 110R may include a silicon layer
epitaxially grown using the substrate 100 as a seed. The semiconductor layer 110R may include
an impurity. The impurity in the semiconductor layer 110R may be carbon, nitrogen, and/or
oxygen. The dopants of the first well region 102a and the second well region 102b may include
a different element from the impurity in the semiconductor layer 110R. A concentration of the
impurity in the semiconductor layer 110R may increase in a direction from an upper surface
110U of the semiconductor layer 110R to a lower surface 110L thereof, as described with

reference to FIG. 2. The impurity concentration in the semiconductor layer 110R may
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continuously increase in the direction from the upper surface 110U of the semiconductor layer
110R to the lower surface 110L thereof.

[0063] A first gate structure GS1 and a second gate structure GS2 are disposed on the
semiconductor layer 110R and be spaced apart from each other. The first gate structure GS1 and
the second gate structure GS2 may be disposed on the first well region 102a and the second well
region 102b, respectively, and extend in the first direction D2. Each of the first gate structure
GS1 and the second gate structure GS2 may be substantially the same as the gate structure GS
described with reference to FIGS. 6A and 6B.

[0064] First source/drain regions SD1 are disposed in the semiconductor layer 110R at opposite
sides of the first gate structure GS1. Second source/drain regions SD2 are disposed in the
semiconductor layer 110R at opposite sides of the second gate structure GS2. The second
source/drain regions SD2 may have a different conductivity type from the first source/drain
regions SD1. The first source/drain regions SD1 may be doping regions in which a dopant of the
second conductivity type is injected in the semiconductor layer 110R. The second source/drain
regions SD2 may be doping regions in which a dopant of the first conductivity type is injected in
the semiconductor layer 110R. The first source/drain regions SD1 may extend into the first well
region 102a. The second source/drain regions SD2 may extend into the second well region 102b.
[0065] A first portion P1 of the semiconductor layer 110R is disposed below the first gate
structure GS1 and is interposed between the first source/drain regions SD1. The first
source/drain regions SD1 may be spaced apart from each other in the second direction D2 with
the first portion P1 of the semiconductor layer 110R therebetween. A second portion P2 of the
semiconductor layer 110R is disposed below the second gate structure GS2 and is interposed
between the second source/drain regions SD2. The second source/drain regions SD2 may be
spaced apart from each other in the second direction D2 with the second portion P2 of the
semiconductor layer 110R therebetween. The first portion P1 of the semiconductor layer 110R
may refer to a first semiconductor pattern. The second portion P1 of the semiconductor layer
110R may refer to a second semiconductor pattern.

[0066] The first portion P1 of the semiconductor layer 110R, a gate electrode GE of the first
gate structure GS1, and the first source/drain regions SD1 may constitute a first transistor. The
first portion P1 of the semiconductor layer 110R may act as a channel of the first transistor. For

example, the first transistor may be an NMOSFET. In these embodiments, the first conductivity
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type of the first well region 102a may be a P type. The second conductivity type of the first
source/drain regions SD1 may be an N type. The second portion P2 of the semiconductor layer
110R, a gate electrode GE of the second gate structure GS2, and the second source/drain regions
SD2 may constitute a second transistor. The second portion P2 of the semiconductor layer 110R
may act as a channel of the second transistor. For example, the second transistor may be a
PMOSFET. In these embodiments, the second conductivity type of the second well region 102b
may be the N type. The first conductivity type of the second source/drain regions SD2 may be
the P type.

[0067] In some embodiments, the first transistor and the second transistor that have different
conductivity types from each other may be provided on the substrate 100. The first transistor
and the second transistor may use the first portion P1 and the second portion P2, respectively, of
the semiconductor layer 110R as the respective channels thereof. The impurity concentration in
the semiconductor layer 110R may be relatively high in the lower portion of the semiconductor
layer 110R, adjacent to the first well region 102a and the second well region 102b.

[0068] In some embodiments, the semiconductor layer 110R including the impurity may be
disposed in the well region 102. The impurity concentration in the semiconductor layer 110R
may increase as closer to the well region 102. In these embodiments, as the lower portion of the
semiconductor layer 110R, adjacent to the well region 102, includes the relatively high
concentration impurity, the likelihood that the dopant in the well region 102 will diffuse into the
semiconductor layer 110R due to the following thermal process may be reduced or possibly
prevented.

[0069] Furthermore, the additional barrier pattern may not be interposed between the
semiconductor pattern 110 and the well region 102. Thus, when the semiconductor layer 110R is
patterned to form the semiconductor pattern 110, the possibility of a profile defect of the
semiconductor pattern 110 (i.e., the active pattern) may be reduced during the process of etching
the semiconductor layer 110R.

[0070] While the present inventive concepts have been shown and described with reference to
example embodiments thereof, it will be understood by those of ordinary skill in the art that
various changes in form and details may be made thereto without departing from the spirit and

scope of the present inventive concepts as set forth by the following claims.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

a well region in a substrate;

a semiconductor pattern on the well region, the semiconductor pattern being doped with
an impurity; and

a gate electrode on the semiconductor pattern,

wherein a doping concentration of the impurity in the semiconductor pattern increases in
a direction from an upper portion of the semiconductor pattern, adjacent to the gate electrode, to

a lower portion of the semiconductor pattern, adjacent to the well region.

2. The semiconductor device of claim 1:
wherein the well region is doped with an impurity having a first conductivity type; and
wherein the impurity of the first conductivity type of the well region includes a different

element from the impurity in the semiconductor pattern.

3. The semiconductor device of claim 2, further comprising:

source/drain regions at opposite sides of the gate electrode,

wherein the semiconductor pattern is between the source/drain regions; and
wherein the source/drain regions are doped with and impurity having a second

conductivity type different from the first conductivity type.

4. The semiconductor device of claim 2 or claim 3:

wherein a doping concentration of an impurity in an intermediate portion of the
semiconductor pattern is higher than a doping concentration in an upper portion of the
semiconductor pattern and is lower than a doping concentration in a lower portion of the
semiconductor pattern; and

wherein the intermediate portion of the semiconductor pattern is between the upper

portion of the semiconductor pattern and the lower portion of the semiconductor pattern.
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5. The semiconductor device of any one of claims 2 to 4, wherein the impurity in the

semiconductor pattern includes carbon, nitrogen, and/or oxygen.

6. The semiconductor device of claim 1 or claim 2, further comprising isolation
patterns in the well region at opposite sides of the semiconductor pattern,

wherein the isolation patterns expose sidewalls, respectively, of the semiconductor
pattern; and

wherein the gate electrode covers an upper surface and the exposed sidewalls of the

semiconductor pattern.

1. The semiconductor device of claim 6, further comprising source/drain regions on
the well region at opposite sides of the gate electrode,

wherein the semiconductor pattern is interposed between the source/drain regions.

8. The semiconductor device of claim 7, wherein the source/drain regions are

semiconductor epitaxial patterns formed on the well region.

9. The semiconductor device of claim 7 or claim 8, wherein the source/drain regions

have a different conductivity type from the well region.

10.  The semiconductor device of any one of claims 7 to 9:

wherein the sidewalls of the semiconductor pattern includes first sidewalls opposite to
each other in a first direction and second sidewalls opposite to each other in a second direction
crossing the first direction;

wherein the isolation patterns expose the first sidewalls, respectively, of the
semiconductor pattern;

wherein the gate electrode covers the exposed first sidewalls of the semiconductor
pattern; and

wherein the source/drain regions cover the second sidewalls, respectively, of the

semiconductor pattern.
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11. The semiconductor device of any one of claims 1 to 10:

wherein the well region includes a first well region and a second well region that have
different conductivity types from each other;

wherein the semiconductor pattern includes a first semiconductor pattern on the first well
region and a second semiconductor pattern on the second well region;

wherein the gate electrode includes a first gate electrode on the first semiconductor
pattern and a second gate electrode on the second semiconductor pattern;

wherein each of the first semiconductor pattern and the second semiconductor pattern
includes the impurity;

wherein the doping concentration of the impurity in the first semiconductor pattern
increases in a direction from an upper portion of the first semiconductor pattern, adjacent to the
first gate electrode, to a lower portion of the first semiconductor pattern, adjacent to the first well
region; and

wherein the doping concentration of the impurity in the second semiconductor pattern
increases in a direction from an upper portion of the second semiconductor pattern, adjacent to
the second gate electrode, to a lower portion of the second semiconductor pattern, adjacent to the

second well region.

12. A semiconductor device comprising:

a well region in a substrate;

a semiconductor pattern on a well region, the semiconductor pattern being doped with an
impurity;

isolation patterns in the well region at opposite sides of the semiconductor pattern;

a gate electrode covering the semiconductor pattern and the isolation patterns; and

source/drain regions on the well region at opposite sides of the gate electrode,

wherein the semiconductor pattern is interposed between the source/drain regions; and

wherein a doping concentration of the impurity in the semiconductor pattern increases in
a direction from an upper portion of the semiconductor pattern, adjacent to the gate electrode, to

a lower portion of the semiconductor pattern, adjacent to the well region.
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13.  The semiconductor device of claim 12:
wherein the well region includes a dopant of a first conductivity type; and
wherein the dopant of the first conductivity type includes a different element from the

impurity in the semiconductor pattern.

14. The semiconductor device of claim 12 or claim 13, wherein the impurity includes

carbon, nitrogen, and/or oxygen.

15. The semiconductor device of claim 14, wherein the semiconductor pattern

includes silicon.

16. The semiconductor device of any one of claims 12 to 15:

wherein the isolation patterns exposes sidewalls, respectively, of the semiconductor
pattern; and

wherein the gate electrode covers an upper surface and the exposed sidewalls of the

semiconductor pattern and extends on upper surfaces of the isolation patterns.

17. The semiconductor device of any one of claims 12 to 16:

wherein the semiconductor pattern includes first sidewalls that are opposite to each other
in a first direction and second sidewalls that are opposite to each other in a second direction
crossing the first direction;

wherein the gate electrode extends in the first direction and covers the first sidewalls of
the semiconductor pattern and upper surfaces of the isolation patterns; and

wherein the source/drain regions are spaced apart from each other with the semiconductor

pattern therebetween and covers the second sidewalls of the semiconductor pattern.

18.  The semiconductor device of any one of claims 12 to 17, wherein the doping
concentration of the impurity in the semiconductor pattern continuously increases in the direction
from the upper portion of the semiconductor pattern to the lower portion of the semiconductor

pattern.
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19. The semiconductor device of any one of claims 12 to 18, wherein the source/drain

regions have a different conductivity type from the well region.
20. The semiconductor device of any one of claims 12 to 19, wherein uppermost

surfaces of the source/drain regions are higher than an upper surface of the semiconductor

pattern with respect to an upper surface of the substrate.
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