SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This patent application claims priority to Korean Patent Application Nos. 10-2018-
0105788 and 10-2019-0037884, filed on September 5, 2018 and April 1, 2019, respectively,
in the Korean Intellectual Property Office, and entitled: “Semiconductor Device,” is

incorporated by reference herein in its entirety.

TECHNICAL FIELD
[0002] The present disclosure relates to a semiconductor device, and in particular, to a

semiconductor device including fin field effect transistors.

BACKGROUND
[0003] Due to their small-sized, multifunctional, and/or low-cost characteristics,
semiconductor devices are being esteemed as important elements in the electronic industry.
The semiconductor devices are classified into memory devices for storing data, logic
devices for processing data, and hybrid devices including both of memory and logic
elements. To meet the increased demand for electronic devices with fast speed and/or low
power consumption, it is necessary to realize semiconductor devices with high reliability,
high performance, and/or multiple functions. To satisfy these technical requirements,

complexity and/or integration density of semiconductor devices are being increased.

SUMMARY
[0004] According to some embodiments, a semiconductor device may include a first active
fin protruding from a substrate, a first gate pattern covering a side surface and a top surface
of the first active fin, and first source/drain patterns at opposite sides of the first gate pattern,
each of the first source/drain patterns including a first lower side and a second lower side

spaced apart from each other, a first upper side extended from the first lower side, a second
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upper side extended from the second lower side. The first lower side may be inclined at a
first angle relative to a top surface of the substrate, the second upper side may be inclined at
a second angle relative to the top surface of the substrate, and the first angle may be greater
than the second angle.

[0005] According to some embodiments, a semiconductor device may include a substrate
including a first region and a second region, a first active fin protruding from the substrate
on the first region, a first source/drain pattern provided on the first active fin, a second
active fin protruding from the substrate on the second region, and a second source/drain
pattern provided on the second active fin. The largest width of the first source/drain pattern
in a first direction may be different from the largest width of the second source/drain pattern
in the first direction.

[0006] According to some embodiments, a semiconductor device may include a substrate
including a first region and a second region, a first active fin protruding from the substrate
on the first region, a first source/drain pattern provided on the first active fin, a second
active fin protruding from the substrate on the second region, and a second source/drain
pattern provided on the second active fin. The first source/drain pattern may have a same
shape as the second source/drain pattern, and a size of the first source/drain pattern may be

different from that of the second source/drain pattern.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Features will become apparent to those of skill in the art by describing in detail

exemplary embodiments with reference to the attached drawings, in which:

[0008] FIG. 1 illustrates a plan view of a semiconductor device according to an
embodiment.

[0009] FIG. 2 illustrates a perspective view of the semiconductor device of FIG. 1.

[0010] FIGS. 3 and 4 illustrate sectional views respectively taken along lines A-A’ and B-
B’ of FIG. 1.

[0011] FIG. 5 illustrates an enlarged sectional view taken along line C-C’ of FIG. 1.
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[0012] FIGS. 6, 7, 8A, 9, and 10 illustrate sectional views of stages in a process of
fabricating a semiconductor device, which has vertical sections shown in FIGS. 3-5.

[0013] FIG. 8B illustrates a diagram of a change in surface profile of a portion ‘P1’° of FIG.
8A, according to some embodiments.

[0014] FIGS. 11 to 14 illustrate sectional views, each of which is taken along line C-C’ of

FIG. 1, of semiconductor devices according to embodiments.

[0015] FIG. 15 illustrates a perspective view of a semiconductor device according to an
embodiment.

[0016] FIG. 16 illustrates a sectional view taken along line A-A’ of FIG. 15.

[0017] FIG. 17 illustrates a sectional view taken along line C-C’ of FIG. 15.

[0018] FIG. 18 illustrates a plan view of a semiconductor device according to an
embodiment.

[0019] FIG. 19 illustrates a sectional view of vertical sections along lines A-A’, B-B’, and

C-C’ of FIG. 18.

[0020] FIG. 20 illustrates a sectional view of vertical sections along lines D-D’ and E-E’ of
FIG. 18.

[0021] FIG. 21 illustrates an enlarged sectional view along line F-F’ of FIG. 18.

[0022] FIGS. 22 to 25 illustrate sectional views, each of which is along line F-F’ of FIG.

18, of semiconductor devices according to embodiments.
[0023] FIG. 26 illustrates an enlarged sectional view of a semiconductor device according

to an embodiment, taken along line F-F’ of FIG. 18.

[0024] FIG. 27 illustrates a plan view of a semiconductor device according to an
embodiment.

[0025] FIG. 28 illustrates a sectional view along line G-G’ of FIG. 27.

[0026] FIG. 29 illustrates a sectional view along line H-H’ of FIG. 27.

[0027] FIG. 30 illustrates an equivalent circuit diagram of a SRAM cell according to an
embodiment.



[0028] FIG. 31 illustrates a plan view of a semiconductor device (e.g., including the
SRAM cell of FIG. 30) according to an embodiment.

[0029] FIGS. 32 to 35 illustrate sectional views, which are respectively taken along lines I-
I’,J-J’, K-K’, and L-L’ of FIG. 31.

[0030] FIG. 36 is a sectional view of a semiconductor device including a source/drain
pattern according to an embodiment.

[0031] FIG. 37 is a sectional view of a semiconductor device including a source/drain

pattern according to an embodiment.

DETAILED DESCRIPTION

[0032] Example embodiments will now be described more fully with reference to the
accompanying drawings, in which example embodiments are shown.

[0033] FIG. 1 is a plan view illustrating a semiconductor device according to an
embodiment. FIG. 2 is a perspective view illustrating the semiconductor device of FIG. 1.
FIGS. 3 and 4 are sectional views respectively taken along lines A-A’ and B-B’ of FIG. 1.
FIG. 5 is an enlarged sectional view taken along line C-C’ of FIG. 1.

[0034] Referring to FIGS. 1 to 5, a substrate 1 and an active fin AF protruding from the
substrate 1 may be provided. A device isolation layer 3 may be provided on the substrate 1
to enclose the active fin AF. The active fin AF may have a top surface and an upper side
surface that are located at a higher level than a top surface of the device isolation layer 3.
The substrate 1 may be a single crystalline silicon wafer or a silicon on insulator (SOI)
substrate. The device isolation layer 3 may be formed of or include at least one of, e.g.,
silicon oxide, silicon nitride, or silicon oxynitride and may have a single- or multi-layered
structure. The active fin AF may be a bar- shaped or line-shaped pattern elongated in a first
direction X. A gate electrode GE may be provided to cross the active fin AF in a second
direction Y. The gate electrode GE may include a work function pattern and a metal line

pattern.



[0035] The work function pattern may be an n-type work function pattern or a p-type work
function pattern. The n-type work function pattern may include at least one of, e.g.,
lanthanum (La), lanthanum oxide (LaO), tantalum (Ta), tantalum nitride (TaN), niobium
(ND), or titanium nitride (TiN). The p-type work function pattern may include at least one of,
e.g., aluminum (Al), aluminum oxide (AlOy), titanium nitride (TiN), tungsten nitride (WN),
or ruthenium oxide (RuO2). The metal line pattern may include at least one of, e.g.,
tungsten, copper, or aluminum. The gate electrode GE may further include a diffusion
barrier pattern between the work function pattern and the metal line pattern. The diffusion
barrier pattern may include a metal nitride layer (e.g., a titanium nitride layer, a tantalum
nitride layer, and a tungsten nitride layer).

[0036] A gate capping pattern GCP may be provided on the gate electrode GE. A gate
spacer GSP may be provided to cover side surfaces of the gate electrode GE and the gate
capping pattern GCP. The gate capping pattern GCP may be formed of or include, e.g., a
silicon nitride layer. The gate spacer GSP may be formed of or include at least one of, e.g.,
silicon oxide, silicon nitride, or silicon oxynitride, and may have a single- or multi-layered
structure. A gate insulating layer Gox may be interposed between the active fin AF and the
gate electrode GE. The gate insulating layer Gox may be interposed between the gate spacer
GSP and the gate electrode GE. The gate insulating layer Gox may include, e.g., a silicon
oxide layer. In certain embodiments, the gate insulating layer Gox may further include a
high-k dielectric material whose dielectric constant is higher than that of the silicon oxide
layer. The high-k dielectric material may include at least one of, e.g., hafnium oxide (HfO>),
hafnium silicate (HfSiO), hafnium oxynitride (HfFON), hafnium silicon oxynitride (HfSiON),
hafnium aluminum oxide (HfAIOz3), lanthanum oxide (LaO), lanthanum aluminum oxide
(LaAlO), zirconium oxide (ZrO), zirconium silicate (ZrSiO), zirconium oxynitride (ZrON),
zirconium silicon oxynitride (ZrSiON), titanium oxide (TiO), barium strontium titanium
oxide (BaSrTiO), barium titanium oxide (BaTiO), strontium titanium oxide (SrTiO), yttrium
oxide (YO), aluminum oxide (Al.Oz), tantalum oxide (Ta203), or lead scandium tantalum

oxide (PbScTaO).



[0037] A recessed region R1 may be formed in the active fin AF and beside the gate spacer
GSP. A source/drain pattern SD may be provided in the recessed region R1. The
source/drain pattern SD may be an epitaxial layer, which is formed of the same material as
the substrate 1. For example, the source/drain pattern SD may be a silicon epitaxial layer.
The source/drain pattern SD may further include a material different from the substrate 1.
For example, the source/drain pattern SD may be a silicon germanium epitaxial layer. The
source/drain pattern SD may be doped with n-type or p-type impurities. For example, the
source/drain pattern SD may be doped with phosphorus or boron. The source/drain pattern
SD may be covered with an interlayered insulating layer 50. The interlayered insulating
layer 50 may be formed of or include at least one of, e.g., silicon oxide, silicon nitride,
silicon oxynitride, or porous insulating materials and may have a single- or multi-layered
structure.

[0038] Hereinafter, the source/drain pattern SD will be described in more detail with
reference to FIG. 5. The source/drain pattern SD may include a first lower side 41 and a
second lower side 42, which are spaced apart from each other, a first upper side 43, which is
extended from a top end of the first lower side 41, and a second upper side 44, which is
extended from the second lower side 42. For example, as illustrated in FIG. 5, a cross-
section of the source/drain pattern SD may have a pentagonal shape having a flat bottom on
the top surface of the active fin AF, first and second lower sides 41 and 42 extending
upwardly from the bottom and away from each other, and first and second upper sides 43
and 44 extending upwardly from the first and second lower sides 41 and 42, respectively, to
contact each other. For example, as illustrated in FIG. 5, the pentagonal shape of the
source/drain pattern SD may be symmetrical with respect to its central axis along the Z
direction. For example, as illustrated in FIG. 5, a height of the pentagonal shape may
asymmetric, so a top of the source/drain pattern SD may be not flat, i.e., with a sharp edge
pointing upward and away from the substrate 1.

[0039] In detail, the first lower side 41 may be inclined at a first angle 01 relative to a first

line SL1, which connects bottom ends of the first and second lower sides 41 and 42 and is
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outwardly extended. Hereinafter, a point where the first lower side 41 and the first upper
side 43 meet will be referred to as a first point C1, and a point where the second lower side
42 and the second upper side 44 meet will be referred to as a second point C2. A second
segment SL2 (or a second line SL2) connecting the first point C1 to the second point C2
(dashed horizontal line in FIG. 5) may be, e.g., parallel to a top surface of the substrate 1,
and at a second angle 02 relative to the second upper side 44. For example, as illustrated in
FIG. 5, the second segment SL2, i.e., a distance connecting the first and second points C1
and C2, may be the widest part of the source/drain pattern SD along the Y direction. That is,
a distance between the first and second lower sides 41 and 42 along the Y direction may
decrease as a distance from the second segment SL2 increases. Similarly, a distance
between the first and second upper sides 43 and 44 along the Y direction may decrease as a
distance from the second segment SL2 increases.

[0040] The first angle 61 may be defined as a slope of the second lower side 42 relative to
a top surface of the substrate 1. For example, as illustrated in FIG. 5, the first and second
lower sides 41 and 42 may be inclined away from each other, so the first angle 61 may be an
acute angle. The second angle 02 may be defined as a slope of the first upper side 43
relative to the top surface of the substrate 1. Here, the first angle 61 may be greater than the
second angle 02. In some embodiments, the first angle 61 may range from about 55° to
about 65°.

[0041] The first line SL1 and the second line SL2 may be parallel to each other. The first
line SL1 and the second line SL2 may be parallel to a top surface 1a of the substrate 1. The
first angle 61 may correspond to an angle between an extension line 41e of the first lower
side 31 and a seventh line SL7, which is an extension line of the top surface 1a of the
substrate 1. In other words, the first angle 61 may correspond to an angle between the first
lower side 31 and the top surface 1a of the substrate 1. The second angle 62 may correspond
to an angle between an extension line 44e of the second upper side 44 and the first line SL1.
The second angle 62 may correspond to an angle between the extension line 44e of the

second upper side 44 and the seventh line SL7. In other words, the second angle 62 may
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correspond to an angle between the second upper side 44 and the top surface la of the
substrate 1.

[0042] In detail, the second segment SL2 may have a first length L1, e.g., in the Y
direction. The first upper side 43 and the second upper side 44 facing each other may be
inclined toward each other and meet at a third point C3. An extension line 41e of the first
lower side 41 may meet an extension line 42e of the second lower side 42 at a fourth point
C4, and the fourth point C4 and the third point C3 may be connected by a third segment
SL3(or a third line SL3). The third segment SL3 may have a second length L2, e.g., in the Z
direction. The second segment SL2 and the third segment SL3 may intersect each other at a
fifth point C5, which is located at a higher level than a center point of the third segment SL3,
e.g., along the Z direction, relative to the bottom of the substrate. Therefore, a distance L3
(hereinafter, a third length) from the third point C3 to the fifth point C5 is shorter than half
the second length L2. For example, the distance L3 may be about 0.2 to about 0.45 times
the second length L2.

[0043] As an integration density of a semiconductor device increases, a distance between
source/drain patterns of PMOS and NMOS transistors adjacent to each other decreases,
thereby increasing bridge or short risk between the PMOS and NMOS transistors adjacent
to each other. However, according to some embodiments, the source/drain pattern SD may
have a relatively small width (e.g., the first length L1) in the second direction Y, since the
first angle 01 is greater than the second angle 02. Accordingly, it may be possible to reduce
the bridge or short risk between different types of source/drain patterns, which are located
adjacent to each other.

[0044] FIGS. 6, 7, 8A, 9, and 10 are sectional views illustrating a process of fabricating a
semiconductor device, which has vertical sections shown in FIGS. 3, 4 and 5. FIG. 8B is a
diagram illustrating a change in surface profile of a portion ‘P1° of FIG. 8A, according to
some embodiments.

[0045] Referring to FIGS. 1 and 6, the substrate 1 may be patterned to form the active fin

AF. The device isolation layer 3 may be formed on the substrate 1 and may be etched to
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expose a top surface and upper side surfaces of the active fin AF. For example, the device
isolation layer 3 may be etched to have a top surface lower than a top surface of the active
fin AF. The substrate 1 may be a single crystalline silicon wafer or an SOI substrate. The
device isolation layer 3 may be formed of or include at least one of, e.g., silicon oxide,
silicon nitride, or silicon oxynitride and may have a single- or multi-layered structure.

[0046] Referring to FIGS. 1 and 7, a dummy gate pattern DGP may be formed to cross the
active fin AF. The dummy gate pattern DGP may be formed by sequentially stacking a
dummy gate insulating layer 5, a dummy gate layer 7, and a dummy gate capping layer 9
and patterning them. The dummy gate pattern DGP may be formed at a position of the gate
electrode GE of FIG. 1. The active fin AF may be exposed at both sides of the dummy gate
pattern DGP. A spacer layer may be conformally formed on the substrate 1 and may be
anisotropically etched to form the gate spacer GSP. In some embodiments, the gate spacer
GSP may be formed to cover side surfaces of the active fin AF exposed at both sides of the
dummy gate pattern DGP. The dummy gate insulating layer 5 may be formed of or include,
e.g., a silicon oxide layer. The dummy gate layer 7 may be formed of or include, e.g., a
poly-silicon layer. The dummy gate capping layer 9 may be formed of or include, e.g., a
silicon nitride layer.

[0047] Referring to FIGS. 1, 7, 8A, and 8B, an etching process may be performed to
partially remove the active fin AF exposed at both sides of the dummy gate pattern DGP,
and as a result, the recessed region R1 may be formed in the active fin AF. Here, the gate
spacer GSP covering the side surface of the active fin AF may also be etched. The etching
process may be an anisotropic etching process. The anisotropic etching process may cause
an increase in roughness of a surface SF1 of the recessed region R1. According to some
embodiments, the rough surface SF1 of the recessed region R1 may be changed to a smooth
surface SF2. This surface treatment may be achieved by additionally performing an
isotropic etching process or a cleaning process and/or by depositing an epitaxial seed layer
for forming the source/drain pattern. The epitaxial seed layer may be, e.g., a silicon epitaxial

layer.



[0048] Referring to FIGS. 5, 8A, 8B, and 9, after the surface treatment for realizing the
smooth surface SF2 of the recessed region R1, the source/drain pattern SD may be formed
using, e.g., a selective epitaxial growth (SEG) process. The source/drain pattern SD grown
on the smooth surface SF2 may have a (111) plane having a growth angle that is equal to
the first angle 01 of FIG. 5. In other words, the first angle 61 may range from about 55° to
about 65°. Accordingly, the source/drain pattern SD may have the same shape as that
described with reference to FIG. 5.

[0049] Referring to FIGS. 9 and 10, the interlayered insulating layer 50 may be formed on
the substrate 1, and then, a chemical mechanical polishing (CMP) process may be
performed to expose a top surface of the dummy gate pattern DGP. Next, the dummy gate
pattern DGP may be removed, and as a result, a groove 12 may be formed between inner
side surfaces of the gate spacer GSP to expose the active fin AF.

[0050] Referring to FIGS. 3 to 5 and 10, the gate insulating layer Gox and a gate electrode
layer may be sequentially formed on the substrate 1 to fill the groove 12, and then, an etch-
back process may be performed to form the gate electrode GE in the groove 12. Thereafter,
the gate capping pattern GCP may be formed on the gate electrode GE.

[0051] FIGS. 11 to 14 are sectional views, each of which is taken along a line C-C’ of FIG.
1 to illustrate a semiconductor device according to an embodiment.

[0052] Referring to FIG. 11, when viewed in the C-C' section, the top surface of the device
isolation layer 3 may be recessed. For example, as compared to the embodiment in FIG. 8A,
an upper portion of the device isolation layer 3 may be etched to form a recessed top surface
(rather than a surface level with the bottom of the recessed region R1). Here, the
source/drain pattern SD may have the same shape as that described with reference to FIG. 5.

[0053] Referring to FIG. 12, when viewed in the C-C' section, a portion of the gate spacer
GSP may remain on the side surface of the active fin AF. For example, the side surface of
the active fin AF below the recessed region R1 may be covered with a remaining gate
spacer GSPr. A bottom surface of the recessed region R1 may be higher than the top surface

of the device isolation layer 3. A top end of the remaining gate spacer GSPr may be located
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at the same level as the bottom surface of the recessed region R1. Here, the source/drain
pattern SD may be formed to have the same shape as that described with reference to FIG. 5.
However, the third point C3 of the source/drain pattern SD may be higher than the third
point C3 of FIG. 5. In this case, bottom ends of the first and second lower sides 41 and 42 of
the source/drain pattern SD may be located at the same level as the top end of the remaining
gate spacer GSPr.

[0054] In certain embodiments, as shown in FIG. 13, the top end of the remaining gate
spacer GSPr may be lower than the bottom surface of the recessed region R1. The side
surface of the active fin AF below the bottom surface of the recessed region R1 may be
partially covered with the source/drain pattern SD. The bottom ends of the first and second
lower sides 41 and 42 of the source/drain pattern SD may be located at the same level as the
top end of the remaining gate spacer GSPr. The active fin AF may include a portion that is
extended or inserted into the source/drain pattern SD. Other elements may be substantially
the same as those of FIG. 12.

[0055] In certain embodiments, as shown in FIG. 14, the top end of the remaining gate
spacer GSPr may be higher than the bottom surface of the recessed region R1. The
source/drain pattern SD may include a lower portion, which is extended between the
remaining gate spacers GSPr and is in contact with the active fin AF. The lower portion of
the source/drain pattern SD may be covered with the remaining gate spacers GSPr. In the
present embodiments, the bottom ends of the first and second lower sides 41 and 42 of the
source/drain pattern SD may be located at the same level as the top end of the remaining
gate spacer GSPr. Other elements may be substantially the same as those of FIG. 12.

[0056] FIG. 15 is a perspective view illustrating a semiconductor device according to an
embodiment. FIG. 16 is a sectional view taken along a line A-A’ of FIG. 15. FIG. 17 is a
sectional view taken along a line C-C’ of FIG. 15.

[0057] Referring to FIGS. 15 to 17, a contact plug CT may be formed on the
semiconductor device described with reference to FIGS. 2 to 5. The formation of the contact

plug CT may include removing upper portions of the interlayered insulating layer 50 and
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the source/drain pattern SD to form a contact hole and filling the contact hole with a
conductive layer. Here, a bottom surface of the contact plug CT may be higher than the fifth
point C5. Top end portions of the first and second upper sides 43 and 44 of the source/drain
pattern SD may be partially removed during the formation of the contact plug CT. In this
case, as shown in FIG. 17, the third point C3 may be located at a point where an extension
line 43e of a remaining portion of the first upper side 43 meets an extension line 44e of a
remaining portion of the second upper side 44. A width of the contact plug CT in the first
direction X may be smaller than a width of the source/drain pattern SD in the first direction
X. Thus, the highest point (e.g., the third point C3 of FIG. 5) of the source/drain pattern SD
may be located beside the contact plug CT, e.g., at a sharp point of the intersection of the
first and second upper sides 43 and 44 of the source/drain pattern SD outside the contact
plug CT (FIG. 15). Other elements may be substantially the same as those of FIG. 5.

[0058] FIG. 18 is a plan view illustrating a semiconductor device according to an
embodiment. FIG. 19 is a sectional view illustrating vertical sections taken along lines A-A’,
B-B’, and C-C’ of FIG. 18. FIG. 20 is a sectional view illustrating vertical sections taken
along lines D-D’ and E-E’ of FIG. 18. FIG. 21 is an enlarged sectional view taken along a
line F-F’ of FIG. 18.

[0059] Referring to FIGS. 18 to 21, the substrate 1 may include a first region AR1 and a
second region AR2. The first region AR1 may be an NMOS transistor region. A first active
fin AF1 protruding from the substrate 1 may be provided in the first region AR1. A first
gate electrode GE1 may be provided on the first active fin AF1. A first gate capping pattern
GCP1 may be provided on the first gate electrode GEL. Side surfaces of the first gate
electrode GE1 and the first gate capping pattern GCP1 may be covered with a first gate
spacer GSP1. A first gate insulating layer Gox1 may be interposed between the first gate
electrode GE1 and the first active fin AF1. The first gate insulating layer Gox1 may be
interposed between the first gate electrode GE1 and the first gate spacer GSP1. The first
recessed region R1 may be provided on the first active fin AF1 and at both sides of the first

gate electrode GE1. A first source/drain pattern SD1 may be provided in the first recessed
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region R1. The first source/drain pattern SD1 may have the shape described with reference
to FIG. 5. The first source/drain pattern SD1 may have one of the shapes described with
reference to FIGS. 11 to 14.

[0060] The second region AR2 may be a PMOS transistor region. A second active fin AF2
protruding from the substrate 1 may be provided in the second region AR2. A second gate
electrode GE2 may be provided on the second active fin AF2. A second gate capping
pattern GCP2 may be provided on the second gate electrode GE2. Side surfaces of the
second gate electrode GE2 and the second gate capping pattern GCP2 may be covered with
a second gate spacer GSP2. A second gate insulating layer Gox2 may be interposed between
the second gate electrode GE2 and the second active fin AF2. The second gate insulating
layer Gox2 may be interposed between the second gate electrode GE2 and the second gate
spacer GSP2. A second recessed region R2 may be provided on the second active fin AF2
and at both sides of the second gate electrode GE2. A second source/drain pattern SD2 may
be provided in the second recessed region R2.

[0061] In the D-D' section of FIG. 20, the second active fin AF2 below the second gate
electrode GE2 may have a non-uniform width. For example, below the second gate
electrode GE2, a width of a top surface of the second active fin AF2 may be greater than a
width of an intermediate portion of the second active fin AF2. In addition, a width of the
second active fin AF2 at the bottom level of the second recessed region R2 may be greater
than the width of the intermediate portion of the second active fin AF2. In other words, the
side surface of the second active fin AF2 below the second gate electrode GE2 may be
recessed to have a concave shape.

[0062] Referring to FIG. 21, the second source/drain pattern SD2 may include a third
lower side 81 and a fourth lower side 82, which are spaced apart from each other, a third
upper side 83, which is extended from a top end of the third lower side 81, and a fourth
upper side 84, which is extended from the fourth lower side 82. The third lower side 81 may
be inclined at a third angle 03 relative to a fourth line SL4, which connects a bottom end of

the third lower side 81 to a bottom end of the fourth lower side 82 and is outward extended.
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Hereinafter, a point where the third lower side 81 and the third upper side 83 meet will be
referred to as a sixth point C6, and a point where the fourth lower side 82 and the fourth
upper side 84 meet will be referred to as a seventh point C7. A fifth segment SL5 (or a fifth
line SL5) connecting the sixth point C6 to the seventh point C7 may be inclined to a fourth
angle 04 relative to the fourth upper side 84. Here, the third angle 63 may be smaller than
the first angle 01 of FIG. 5. The third angle 63 may be substantially equal to the fourth angle
04. In some embodiments, the third angle 63 may be about 54.2°.

[0063] The fourth line SL4 and the fifth line SL5 may be parallel to each other. The fourth
line SL4 and the fifth line SL5 may be parallel to the top surface 1a of the substrate 1. The
third angle 63 may correspond to an angle between the third lower side 81 and the top
surface la of the substrate 1. The fourth angle 64 may correspond to an angle between the
fourth upper side 84 and the top surface 1a of the substrate 1.

[0064] The fifth segment SL5 may have a fourth length L4. The third upper side 83 and the
fourth upper side 84 facing each other may be inclined to each other and meet at an eighth
point C8. An extension line 81e of the third lower side 81 may meet an extension line 82e of
the fourth lower side 82 at a ninth point C9, and the ninth point C9 and the eighth point C8
may be connected by a sixth segment SL6(or a sixth line SL6). The sixth segment SL6 may
have a fifth length L5. The fifth segment SL5 and the sixth segment SL6 may intersect each
other at a tenth point C10, which is substantially located at a center point of the sixth
segment SL6. A distance L6 (hereinafter, a sixth length) from the eighth point C8 to the
tenth point C10 may be about 0.5 times the fifth length L5.

[0065] In the present embodiments, the third angle 63 may be smaller than the first angle
01 of FIG. 5. The fourth length L4 may be greater than the first length L1. Therefore, while
shapes of the first and second source/drain patterns SD1 and SD2 may be the same, their
sizes, e.g., widths, may be different. That is, when measured in the first direction X, the
largest width of the first source/drain pattern SD1 on the first region AR1 may be smaller

than that of the second source/drain pattern SD2 on the second region AR2.
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[0066] The semiconductor device of FIGS. 18 to 21 may be fabricated by a method similar
to that described with reference to FIGS. 6 to 10. However, when the first recessed region
R1 and the first source/drain pattern SD1 are formed on the first region AR1, the second
region AR2 may be veiled by a mask pattern. The first recessed region R1 may be formed
by an anisotropic etching process. The first source/drain pattern SD1 may be formed of, e.g.,
a silicon epitaxial layer. During the formation of the first source/drain pattern SD1, the first
source/drain pattern SD1 may be doped in situ with, e.g., phosphorus. In certain
embodiments, an ion implantation process may be further performed to inject dopants (e.g.,
phosphorus) into the first source/drain pattern SD1, after the formation of the first
source/drain pattern SD1.

[0067] Alternatively, when the second recessed region R2 and the second source/drain
pattern SD2 are formed on the second region AR2, the first region AR1 may be covered
with a mask pattern. The second recessed region R2 may be formed by an isotropic etching
process. In some embodiments, the side surface of the second active fin AF2 below the
second gate electrode GE2 may be recessed in a direction (e.g., the first direction X)
crossing the second gate electrode GE2. The second source/drain pattern SD2 may be
formed of, e.g., a silicon germanium epitaxial layer. During the formation of the second
source/drain pattern SD2, the second source/drain pattern SD2 may be doped in situ with,
boron. In certain embodiments, an ion implantation process may be further performed to
inject dopants (e.g., boron) into the second source/drain pattern SD2, after the formation of
the second source/drain pattern SD2.

[0068] FIGS. 22 to 25 are sectional views, each of which is taken along a line F-F’ of FIG.
18 to illustrate a semiconductor device according to an embodiment.

[0069] Referring to FIG. 22, when viewed in the F-F' section, the top surface of the device
isolation layer 3 may be recessed. For example, when the second recessed region R2 is
formed, an upper portion of the device isolation layer 3 may be etched to form the recessed
top surface. Here, the second source/drain pattern SD2 may have the same shape as that

described with reference to FIG. 21.
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[0070] In certain embodiments, as shown in FIG. 23, a side surface of the second active fin
AF2 below the second recessed region R2 may be covered with a second remaining gate
spacer GSP2r. The bottom surface of the second recessed region R2 may be higher than the
top surface of the device isolation layer 3. A top end of the second remaining gate spacer
GSP2r may be located at the same level as the bottom surface of the second recessed region
R2. Here, the second source/drain pattern SD2 may have the same shape as that described
with reference to FIG. 21. However, the eighth point C8 of the second source/drain pattern
SD2 may be located at a higher level than the eighth point C8 of FIG. 21. In this case,
bottom ends of the third and fourth lower sides 81 and 82 of the second source/drain pattern
SD2 may be located at the same level as the top end of the second remaining gate spacer
GSP2r.

[0071] In certain embodiments, as shown in FIG. 24, the top end of the second remaining
gate spacer GSP2r may be lower than the bottom surface of the second recessed region R2.
A side surface of the second active fin AF2 below the bottom surface of the second recessed
region R2 may be partially covered with the second source/drain pattern SD2. The bottom
ends of the third and fourth lower sides 81 and 82 of the second source/drain pattern SD2
may be located at the same level as the top end of the second remaining gate spacer GSP2r.
Other elements may be substantially the same as those of FIG. 23.

[0072] In certain embodiments, as shown in FIG. 25, the top end of the second remaining
gate spacer GSP2r may be higher than the bottom surface of the second recessed region R2.
The second source/drain pattern SD2 may include a lower portion that is extended between
the second remaining gate spacers GSP2r and is in contact with the second active fin AF2.
The lower portion of the second source/drain pattern SD2 may be covered with the second
remaining gate spacers GSP2r. The bottom ends of the third and fourth lower sides 81 and
82 of the second source/drain pattern SD2 may be located at the same level as the top end of
the second remaining gate spacer GSP2r. Other elements may be substantially the same as

those of FIG. 23.
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[0073] FIG. 26 is an enlarged sectional view illustrating a semiconductor device according
to an embodiment, taken along a line F-F’ of FIG. 18. FIG. 26 illustrates another example of
a section taken along line F-F' of FIG. 18. When taken along lines A-A', B-B', C-C', D-D/,
and E-E' of FIG. 18, the semiconductor device according to the present embodiment may
have the same sections as those of FIGS. 19 and 20 and the description thereof will be
omitted.

[0074] Referring to FIG. 26, a side surface of the second active fin AF2 below the second
recessed region R2 may be covered with the second remaining gate spacer GSP2r. The
bottom surface of the second recessed region R2 may be higher than the top surface of the
device isolation layer 3. The second source/drain pattern SD2 may resemble the
source/drain pattern SD described with reference to FIG. 5 in shape, e.g., but may be
different in size (e.g., width). In other words, the third angle 63 may be greater than the
fourth angle 04. The tenth point C10 may be located at a higher level than a center point of
the sixth segment SL6. The sixth length L6 may be about 0.2 to about 0.45 times the fifth
length L5. In the present embodiment, a height from the top surface of the device isolation
layer 3 to the eighth point C8 may be substantially equal to the height from the top surface
of the device isolation layer 3 to the third point C3, in the C-C' section of FIG. 19 or FIG. 5.
Here, the fourth length L4 may be smaller than the first length L1. That is, in a
semiconductor device including both of the first source/drain pattern SD1 of FIG. 19 (e.g.,
shown in the C-C' section) or FIG. 5 and the second source/drain pattern SD2 of FIG. 26,
the first and second source/drain patterns SD1 and SD2 may have top ends that are located
at the same height from the top surface of the device isolation layer 3, and the largest width
of the first source/drain pattern SD1 in the first direction X may be greater than that of the
second source/drain pattern SD2 in the first direction X.

[0075] FIG. 27 is a plan view illustrating a semiconductor device according to an
embodiment. FIG. 28 is a sectional view taken along a line G-G’ of FIG. 27. FIG. 29 is a

sectional view taken along a line H-H’ of FIG. 27.
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[0076] Referring to FIGS. 27 to 29, a plurality of first active fins AF1 protruding from the
substrate 1 may be provided on the first region AR1. A plurality of second active fins AF2
protruding from the substrate 1 may be provided on the second region AR2. The first region
AR1 may be, e.g., an NMOS transistor region. The second region AR2 may be, e.g.,, a
PMOS transistor region. When viewed in a plan view, the first active fins AF1 and the
second active fins AF2 may be bar- or line-shaped patterns elongated in the first direction X.
The first active fins AF1 and the second active fins AF2 may be spaced apart from each
other by a specific space in the second direction Y crossing the first direction X. The first
gate electrodes GE1 may cross the first active fins AF1 in the second direction Y. The
second gate electrodes GE2 may cross the second active fins AF2 in the second direction Y.
First source/drain patterns SD1 may be provided on exposed portions of the first active fins
AF1 between the first gate electrodes GE1. The first source/drain patterns SD1 may be used
as source/drain electrodes of an NMOS transistor. The first source/drain patterns SD1 may
include a silicon epitaxial pattern, which is doped with phosphorus. Second source/drain
patterns SD2 may be provided on exposed portions of the second active fins AF2 between
the second gate electrodes GE2. The second source/drain patterns SD2 may be used as
source/drain electrodes of a PMOS transistor. The second source/drain patterns SD2 may
include a silicon germanium epitaxial pattern, which is doped with boron.

[0077] In FIG. 28, each of the first and second source/drain patterns SD1 and SD2 may
resemble the source/drain pattern SD described with reference to FIG. 5 in shape. For
example, as illustrated in FIG. 28, while shapes of the first and second source/drain patterns
SD1 and SD2 may be the same, their sizes, e.g., heights along the Z direction, may be
different. When measured in the second direction Y, the largest width of each of the first
source/drain patterns SD1 may be substantially equal to the largest width of each of the
second source/drain patterns SD2. Adjacent ones of the first source/drain patterns SD1 may
be in contact with each other. In the case where the first source/drain patterns SD1 are
provided to be adjacent to each other, there may be a difficulty in determining positions of

the first point C1 and/or the second point C2 of FIG. 5 for each of the first source/drain
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patterns SD1. In this case, extension lines of the first lower side 41, the second lower side
42, the first upper side 43, and the second upper side 44 may be used to estimate positions
of the first point C1 and/or the second point C2 of FIG. 5.

[0078] In FIG. 28, adjacent ones of the second source/drain patterns SD2 may be in contact
with each other. In the case where the second source/drain patterns SD2 are provided to be
adjacent to each other, there may be a difficulty in determining positions of the sixth point
C6 and/or the seventh point C7 of FIG. 21 for each of the second source/drain patterns SD2.
In this case, extension lines of the third lower side 81, the fourth lower side 82, the third
upper side 83, and the fourth upper side 84 may be used to estimate positions of the sixth
point C6 and/or the seventh point C7 of FIG. 21.

[0079] Unlike FIG. 28, adjacent ones of the first source/drain patterns SD1 may not be in
contact with each other or may be spaced apart from each other. In addition, adjacent ones
of the second source/drain patterns SD2 may not be in contact with each other or may be
spaced apart from each other.

[0080] The upper side surface of the second active fins AF2 below the second source/drain
patterns SD2 may protrude from the top surface of the device isolation layer 3 and may be
covered with the second remaining gate spacer GSP2r. In FIG. 28, a first height H1 from a
top end of the device isolation layer 3 to top ends of the first source/drain patterns SD1 may
be smaller than a second height H2 from the top end of the device isolation layer 3 to top
ends of the second source/drain patterns SD2. A difference between the second height H2
and the first height H1 may correspond to a vertical length of the second remaining gate
spacer GSP2r.

[0081] Referring to FIGS. 27 and 29, a first contact plug CT1 may be provided on the first
source/drain patterns SD1. A second contact plug CT2 may be provided on the second
source/drain patterns SD2. When measured from the top end of the device isolation layer 3,
a third height H3 of a bottom surface of the first contact plug CT1 may be smaller than a
fourth height H4 of a bottom surface of the second contact plug CT2. A width of the first

contact plug CT1 in the second direction Y may be smaller than a sum of largest widths of
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the first source/drain patterns SD1 in the second direction Y. A width of the second contact
plug CT2 in the second direction Y may be smaller than a sum of largest widths of the
second source/drain patterns SD2 in the second direction Y. First empty spaces or first air
gap regions AG1 may be formed between lower sides of the first source/drain patterns SD1.
Second empty spaces or second air gap regions AG2 may be formed between lower sides of
the second source/drain patterns SD2. Other elements may be substantially the same as or
similar to those described above.

[0082] In FIG. 29, there may be a difficulty in determining positions of the first point C1
and/or the second point C2 of FIG. 5 for each of the first source/drain patterns SD1. In this
case, the first lower side 41 and the first upper side 43 of the leftmost one of the first
source/drain patterns SD1 may be used to estimate a position of the first point C1, and the
second lower side 42 and the second upper side 44 of the rightmost one of the first
source/drain patterns SD1 may be used to estimate a position of the second point C2. The
positions of the first and second points C1 and C2 may be used to calculate the first angle
and the second angle.

[0083] In FIG. 29, there may be a difficulty in determining positions of the sixth point C6
and/or the seventh point C7 of FIG. 26 for each of second source/drain patterns SD2. In this
case, the third lower side 81 and the third upper side 83 of the leftmost one of the second
source/drain patterns SD2 may be used to estimate a position of the sixth point C6, and the
fourth lower side 82 and the fourth upper side 84 of the rightmost one of the second
source/drain patterns SD2 may be used to estimate a position of the seventh point C7. The
positions of the sixth and seventh points C6 and C7 may be used to calculate the third angle
and the fourth angle.

[0084] FIG. 30 is an equivalent circuit diagram of a static random access memory (SRAM)
cell according to an embodiment.

[0085] Referring to FIG. 30, an SRAM cell according to an embodiment may include a
first pull-up transistor TUL, a first pull-down transistor TD1, a second pull-up transistor

TU2, a second pull-down transistor TD2, a first access transistor TA1, and a second access

20



transistor TA2. The first and second pull-up transistors TU1 and TU2 may be PMOS
transistors. The first and second pull-down transistors TD1 and TD2 and the first and
second access transistors TAL and TA2 may be NMOS transistors.

[0086] A first source/drain of the first pull-up transistor TU1 and a first source/drain of the
first pull-down transistor TD1 may be connected to a first node N1. A second source/drain
of the first pull-up transistor TU1 may be connected to a power line VDD, and a second
source/drain of the first pull-down transistor TD1 may be connected to a ground line VSS.
A gate of the first pull-up transistor TU1 and a gate of the first pull-down transistor TD1
may be electrically connected to each other. The first pull-up transistor TU1 and the first
pull-down transistor TD1 may constitute a first inverter. The connected gates of the first
pull-up transistor TU1 and the first pull-down transistor TD1 may correspond to an input
terminal of the first inverter, and the first node N1 may correspond to an output terminal of
the first inverter.

[0087] A first source/drain of the second pull-up transistor TU2 and a first source/drain of
the second pull-down transistor TD2 may be connected to a second node N2. A second
source/drain of the second pull-up transistor TU2 may be connected to the power line VDD,
and a second source/drain of the second pull-down transistor TD2 may be connected to the
ground line VSS. A gate of the second pull-up transistor TU2 and a gate of the second pull-
down transistor TD2 may be electrically connected to each other. The second pull-up
transistor TU2 and the second pull-down transistor TD2 may constitute a second inverter.
The connected gates of the second pull-up transistor TU2 and the second pull-down
transistor TD2 may correspond to an input terminal of the second inverter, and the second
node N2 may correspond to an output terminal of the second inverter.

[0088] The first and second inverters may be combined to constitute a latch structure. In
other words, the gates of the first pull-up transistor TU1 and the first pull-down transistor
TD1 may be electrically connected to the second node N2, and the gates of the second pull-
up transistor TU2 and the second pull-down transistor TD2 may be electrically connected to

the first node N1. A first source/drain of the first access transistor TA1 may be connected to
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the first node N1, and a second source/drain of the first access transistor TA1 may be
connected to a first bit line BL1. A first source/drain of the second access transistor TA2
may be connected to the second node N2, and a second source/drain of the second access
transistor TA2 may be connected to a second bit line BL2. Gates of the first and second
access transistors TA1 and TA2 may be electrically coupled to a word line WL. This
structure is just an example of the SRAM cell according to an embodiment, which is not
limited to this example.

[0089] FIG. 31 is a plan view illustrating a semiconductor device (e.g., including the
SRAM cell of FIG. 30) according to an embodiment. FIGS. 32 to 35 are sectional views,
which are respectively taken along lines I-I’, J-J°, K-K’, and L-L’ of FIG. 31.

[0090] Referring to FIGS. 31 to 35, at least one SRAM cell may be provided on the
substrate 1. The device isolation layer 3 may be provided on the substrate 1. The device
isolation layer 3 may be placed to define the first and second active fins AF1 and AF2. First
source/drain patterns SD1 may be provided on each of the first active fins AF1. Second
source/drain patterns SD2 may be provided on each of the second active fins AF2. The first
source/drain patterns SD1 may be used as source/drain electrodes of an NMOS transistor.
The first source/drain patterns SD1 may be doped with n-type impurities. For example, the
first source/drain patterns SD1 may include a silicon epitaxial pattern, which is doped with
phosphorus. The second source/drain patterns SD2 may be used as source/drain electrodes
of a PMOS transistor. Second source/drain patterns SD2 may be doped with p-type
impurities. For example, the second source/drain patterns SD2 may include a silicon
germanium epitaxial pattern, which is doped with boron.

[0091] First to fourth gate electrodes GE1-GE4 may be provided to cross the first and
second active fins AF1 and AF2 and to extend in the second direction Y. The second gate
electrode GE2 and the fourth gate electrode GE4 may be aligned to each other in the first
direction X. A separation pattern SP may be interposed between the second gate electrode
GE2 and the fourth gate electrode GE4 to separate them from each other. The first gate

electrode GE1 and the third gate electrode GE3 may be aligned to each other in the first
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direction X. The separation pattern SP may be interposed between the first gate electrode
GE1 and the third gate electrode GE3 to separate them from each other.

[0092] First to eighth active contacts AC1-AC8 may be provided at both sides of each of
the first to fourth gate electrodes GE1-GE4. The first to eighth active contacts AC1-AC8
may penetrate an upper portion of the interlayered insulating layer 50 and may be coupled
to the first and second source/drain patterns SD1 and SD2. Top surfaces of the first to eighth
active contacts AC1-AC8 may be coplanar with a top surface of the interlayered insulating
layer 50. The first to eighth active contacts AC1-AC8 may be formed of or include at least
one of conductive metal nitrides (e.g., titanium nitride or tantalum nitride) or metallic
materials (e.g., titanium, tantalum, tungsten, copper, or aluminum).

[0093] The first to fourth gate electrodes GE1-GE4 and the first and second source/drain
patterns SD1 and SD2, which are respectively provided on the first and second active fins
AF1 and AF2 around them, may constitute memory transistors. The memory transistors
shown in FIG. 31 may include the first pull-up transistor TU1, the first pull-down transistor
TD1, the second pull-up transistor TU2, the second pull-down transistor TD2, the first
access transistor TA1, and the second access transistor TA2 previously described with
reference to FIG. 30.

[0094] Referring back to FIG. 35, the first source/drain pattern SD1 of the first pull-down
transistor TD1 and the second source/drain pattern SD2 of the first pull-up transistor TU1
may be spaced apart from each other in the second direction Y, and top surfaces thereof
may be in contact with a second active contact AC2. The second source/drain pattern SD2
of the first pull-up transistor TU1 and the second source/drain pattern SD2 of the second
pull-up transistor TU2 may be spaced apart from each other in the second direction Y. The
second source/drain pattern SD2 of the second pull-up transistor TU2 and the first
source/drain pattern SD1 of the second pull-down transistor TD2 may be spaced apart from
each other in the second direction Y, and top surfaces of them may be in contact with a fifth

active contact AC5. A width of each of the second and fifth active contacts AC2 and AC5 in
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the second direction Y may be greater than the largest width of the widest one of the first
and second source/drain patterns SD1 and SD2 in the second direction Y.

[0095] In the present embodiments, each of the first source/drain patterns SD1 may
resemble the source/drain pattern SD described with reference to FIG. 5, in shape. However,
the first source/drain patterns SD1 may have a structure that is the same as or similar to one
of the source/drain patterns SD described with reference to FIGS. 11 to 14. Each of the
second source/drain patterns SD2 may resemble the second source/drain pattern SD2
described with reference to FIG. 23 in shape. However, the second source/drain patterns
SD2 may have a structure that is the same as or similar to one of the second source/drain
patterns SD2 described with reference to FIGS. 21, 22, and 24-26 or the source/drain
patterns SD described with reference to FIGS. 11-14. Adjacent ones of the first and second
source/drain patterns SD1 and SD2 may be spaced apart from each other. According to
some embodiments, at least the first source/drain patterns SD1 may have the structure of
FIG. 5, and in this case, it may be possible to reduce the largest width in the second
direction Y. Thus, the distance between the first and second source/drain patterns SD1 and
SD2 may be increased, and thus, it may be possible to prevent a bridge or short issue
between the first and second source/drain patterns SD1 and SD2. This effect may become
more and more important, as an integration density of a semiconductor device increases.

[0096] FIG. 36 is a sectional view of a semiconductor device including a source/drain
pattern according to an embodiment. FIG. 36 illustrates a modified embodiment of FIG. 5.

[0097] Referring to FIG. 36, side and top portions of the source/drain pattern SD according
to an embodiment may have a rounded shape. In other words, the first point C1 may
correspond to a point where a lower extension line 43el of the first upper side 43 meets an
upper extension line 41eu of the first lower side 41. The second point C2 may correspond to
a point where the second upper side 44 meets an upper extension line 42eu of the second
lower side 42. The third point C3 may correspond to a point where an upper extension line
43eu of the first upper side 43 meets an upper extension line 44eu of the second upper side

44. The fourth point C4 may correspond to a point where a lower extension line 41el of the
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first lower side 41 meets a lower extension line 42el of the second lower side 42. The first to
fourth points C1, C2, C3, and C4 may not be located on or in the source/drain pattern SD.
The laterally most protruding points of the source/drain pattern SD may be spaced apart
from the first and second points C1 and C2. The topmost point of the source/drain pattern
SD may be lower than the third point C3.

[0098] In the present embodiments, the first angle 61 may be an angle between the first
line SL1, which connects the bottom ends of the first and second lower sides 41 and 42 and
is outwardly extended, and the first lower side 41. The first line SL1 may be parallel to the
seventh line SL7, which is an extension line of the top surface la of the substrate 1. The
first angle 61 may correspond to an angle between the lower extension line 41el of the first
lower side 41 and the seventh line SL7. In other words, the first angle 61 may correspond to
an angle between the first lower side 41 and the top surface 1a of the substrate 1.

[0099] In the present embodiments, the second angle 62 may correspond to an angle
between the second segment SL2, which connects the first point C1 to the second point C2,
and the second upper side 44 or a lower extension line 44el of the second upper side 44. The
first line SL1 may be parallel to the second segment SL2. The second angle 62 may
correspond to an angle between the first line SL1 and the lower extension line 44el of the
second upper side 44. In certain embodiments, the second angle 62 may correspond to an
angle between the seventh line SL7 and the lower extension line 44el of the second upper
side 44. The second angle 62 may correspond to an angle between the second upper side 44
and the top surface la of the substrate 1. Except for the afore-described differences, the
embodiments of FIG. 36 may be the same as or similar to that described with reference to
FIG. 5.

[00100] FIG. 37 is a sectional view of a semiconductor device including a source/drain
pattern according to an embodiment. FIG. 37 illustrates a modified embodiment of FIG. 17.

[00101] Referring to FIG. 37, the interlayered insulating layer 50 and an upper portion of
the source/drain pattern SD may be removed from the semiconductor device described with

reference to FIG. 36 to form a contact hole, and then, the contact plug CT may be formed by
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filling the contact hole with a conductive layer. Here, a bottom surface of the contact plug
CT may be higher than the fifth point C5. Top portions of the first upper side 43 and the
second upper side 44 of the source/drain pattern SD may be removed during the forming of
the contact plug CT. A first contact point CS1 may be defined as a point where the contact
plug CT meets the first upper side 43, and a second contact point CS2 may be defined as a
point where the contact plug CT meets the second upper side 44. The upper extension line
43eu and the lower extension line 43el of the first upper side 43 may be referred to as
tangent lines 43eu and 43el at the first contact point CS1. In addition, the upper extension
line 44eu and the lower extension line 44el of the second upper side 44 may be referred to
as tangent lines 44eu and 44el at the second contact point CS2. Except for the afore-
described differences, the embodiments of FIG. 37 may be the same as or similar to that
described with reference to FIGS. 36 and 17.

[00102] According to some embodiments, a source/drain pattern may have a bottom angle of
about 55° to about 65° with respect to a bottom of the substrate, and a top center line that is
about 20-45% of a total center line length. Thus, a semiconductor device may have a
sufficient, e.g., increased, separation margin, allowing adjacent ones of source/drain
patterns to be spaced apart from each other. This may make it possible to realize a
semiconductor device with improved electric characteristics and an increased integration
density.

[00103] Example embodiments have been disclosed herein, and although specific terms are
employed, they are used and are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would be apparent to one of
ordinary skill in the art as of the filing of the present application, features, characteristics,
and/or elements described in connection with a particular embodiment may be used singly
or in combination with features, characteristics, and/or elements described in connection
with other embodiments unless otherwise specifically indicated. Accordingly, it will be

understood by those of skill in the art that various changes in form and details may be made
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without departing from the spirit and scope of the present invention as set forth in the

following claims.
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WHAT IS CLAIMED IS:

1. A semiconductor device, comprising:

a first active fin protruding from a substrate;

a second active fin protruding from the substrate;

a first gate pattern crossing over both the first active fin and the second active fin;

a first source/drain pattern of a first conductivity on the first active fin;

a second source/drain pattern of a second conductivity on the second active fin, the
second conductivity being opposite to the first conductivity; and

a contact plug in direct contact with both the first source/drain pattern of the first
conductivity and the second source/drain pattern of the second conductivity, an entire
bottom surface of the contact plug being flat,

wherein the first source/drain pattern includes:

a first lower side and a second lower side spaced apart from each other,

a first upper side extended from the first lower side, and

a second upper side extended from the second lower side,

wherein the second source/drain pattern includes:

a third lower side and a fourth lower side spaced apart from each other,

a third upper side extended from a top end of the third lower side, and

a fourth upper side extended from the fourth lower side,

wherein the first lower side is inclined at a first angle relative to a top surface of the
substrate, the second upper side is inclined at a second angle relative to the top surface of
the substrate,

wherein the third lower side is inclined at a third angle relative to a straight line
connecting a bottom end of the third lower side to a bottom end of the fourth lower side,

and the first angle is greater than the second angle and the third angle,
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wherein top surfaces of the first and second source/drain patterns are coplanar with
each other, the top surfaces of the first and second source/drain patterns being in direct

contact with the bottom surface of the contact plug.

2. The semiconductor device as claimed in claim 1, wherein the first angle

ranges from about 55° to about 65°.

3. The semiconductor device as claimed in claim 1 or claim 2, further
comprising:

a first point where the first lower side and the first upper side meet or an extension
line of the first lower side and an extension line of the first upper side meet;

a second point where the second lower side and the second upper side meet or an
extension line of the second lower side and an extension line of the second upper side meet;

a first segment connecting the first and second points to each other;

a third point where the first upper side and the second upper side meet or an
extension line of the first upper side and an extension line of the second upper side meet;

a fourth point where an extension line of the first lower side and an extension line of
the second lower side meet;

a second segment connecting the third point to the fourth point; and

a fifth point where the first segment and the second segment intersect, the fifth point

being higher than a center point of the second segment.

4, The semiconductor device as claimed in claim 3, wherein a first distance
from the third point to the fifth point is about 0.2 times to about 0.45 times a length of the

second segment.

5. The semiconductor device as claimed in claim 1 or claim 2, further
comprising:
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a first contact point where the contact plug and the first upper side meet;

a second contact point where the contact plug and the second upper side meet;

a first tangential line at the first contact point;

a second tangential line at the second contact point;

a first point where the first tangential line and an extension line of the first lower
side meet;

a second point where the second tangential line and an extension line of the second
lower side meet;

a first segment connecting the first and second points to each other;

a third point where the first tangential line and the second tangential line meet;

a fourth point where an extension line of the first lower side and an extension line of
the second lower side meet;

a second segment connecting the third and fourth points to each other; and

a fifth point where the first segment and the second segment intersect, the fifth point

being higher than a center of the second segment.

6. The semiconductor device as claimed in claim 5, wherein a first distance
from the third point to the fifth point is about 0.2 times to about 0.45 times a length of the

second segment.

7. The semiconductor device as claimed in any one of claims 1 to 6,
wherein a width of the second source/drain pattern is larger than a width of the first

source/drain pattern.

8. The semiconductor device as claimed in claim 7, wherein the fourth upper

side is inclined at a fourth angle relative to the top surface of the substrate, the fourth angle

being substantially equal to the third angle.
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9. The semiconductor device as claimed in any one of claims 1 to 6, wherein
the second active fin being spaced apart from the first active fin;

the second source/drain pattern having a same shape as the first source/drain pattern;

the second source/drain pattern having a different size from that of the first

source/drain pattern.

10. The semiconductor device as claimed in claim 9,

wherein a width of the second source/drain pattern is smaller than a width of the first
source/drain pattern, and

a height of a top end of the first source/drain pattern is substantially equal to a height

of a top end of the second source/drain pattern.

11. The semiconductor device as claimed in claim 9,

wherein the fourth upper side is inclined at a fourth angle relative to a third segment
connecting a third point, where the third lower side and the third upper side meet, with a
fourth point where the fourth lower side and the fourth upper side meet, and

wherein the third angle is greater than the fourth angle.

12. A semiconductor device, comprising:

a substrate including a first region and a second region;

a first active fin protruding from the substrate, on the first region;

a first source/drain pattern of a first conductivity on the first active fin;

a second active fin protruding from the substrate, on the second region;

a second source/drain pattern of a second conductivity on the second active fin, the
second conductivity being opposite to the first conductivity, a largest width of the first
source/drain pattern in a first direction being different from a largest width of the second

source/drain pattern in the first direction;
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a first gate pattern crossing over both the first active fin and the second active fin;
and

a contact plug in direct contact with both the first source/drain pattern of the first
conductivity and the second source/drain pattern of the second conductivity, an entire
bottom surface of the contact plug being flat,

wherein the first source/drain pattern includes:

a first lower side and a second lower side spaced apart from each other;

a first upper side extended from a top end of the first lower side; and

a second upper side extended from the second lower side,

wherein the second source/drain pattern includes:

a third lower side and a fourth lower side spaced apart from each other;

a third upper side extended from a top end of the third lower side; and

a fourth upper side extended from the fourth lower side,

wherein the first lower side is inclined at a first angle relative to a straight line
connecting a bottom end of the first lower side to a bottom end of the second lower side,

wherein the second upper side is inclined at a second angle relative to a first
segment connecting a first point, where the first lower side and the first upper side meet,
with a second point, where the second lower side and the second upper side meet,

wherein the third lower side is inclined at a third angle relative to a straight line
connecting a bottom end of the third lower side to a bottom end of the fourth lower side,
and wherein the first angle is greater than the second angle and the third angle,

wherein top surfaces of the first and second source/drain patterns are coplanar with
each other, the top surfaces of the first and second source/drain patterns being in direct

contact with the bottom surface of the contact plug.

13. The semiconductor device as claimed in claim 12, further comprising:

a third point where the first upper side and the second upper side meet;
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a fourth point where an extension line of the first lower side and an extension line of
the second lower side meet;

a second segment connecting the third point to the fourth point; and

a fifth point where the first segment and the second segment intersect, the fifth point

being higher than a center point of the second segment.

14. A semiconductor device, comprising:

a substrate including a first region and a second region;

a first active fin protruding from the substrate, on the first region;

a first source/drain pattern of a first conductivity on the first active fin;

a second active fin protruding from the substrate, on the second region;

a second source/drain pattern of a second conductivity on the second active fin, the
second conductivity being opposite to the first conductivity, the first source/drain pattern
having a same shape as the second source/drain pattern, and a size of the first source/drain
pattern being different from that of the second source/drain pattern;

a first gate pattern crossing over both the first active fin and the second active fin;
and

a contact plug in direct contact with both the first source/drain pattern of the first
conductivity and the second source/drain pattern of the second conductivity, an entire
bottom surface of the contact plug being flat,

wherein the first source/drain pattern includes:

a first lower side and a second lower side spaced apart from each other;

a first upper side extended from a top end of the first lower side; and

a second upper side extended from the second lower side,

wherein the second source/drain pattern includes:

a third lower side and a fourth lower side spaced apart from each other;

a third upper side extended from a top end of the third lower side; and

a fourth upper side extended from the fourth lower side,
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wherein the first lower side is inclined at a first angle relative to a straight line
connecting a bottom end of the first lower side with a bottom end of the second lower side,

wherein the second upper side is inclined at a second angle relative to a first
segment connecting a first point where the first lower side and the first upper side meet with
a second point where the second lower side and the second upper side meet,

wherein the third lower side is inclined at a third angle relative to a straight line
connecting a bottom end of the third lower side to a bottom end of the fourth lower side, the
first angle being greater than the second angle and the third angle,

wherein top surfaces of the first and second source/drain patterns are coplanar with
each other, the top surfaces of the first and second source/drain patterns being in direct

contact with the bottom surface of the contact plug.

15. The semiconductor device as claimed in claim 14, further comprising a

spacer below the second source/drain pattern to cover a side surface of the second active fin.
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