SEMICONDUCTOR DEVICES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit under 35 U.S.C. § 119 of Korean Patent
Application No. 10-2021-0040881 filed on 30 March 2021 in the Korean Intellectual Property

Office, the entire disclosure of which is incorporated herein by reference for all purposes.

TECHNICAL FIELD

[0002] The present inventive concepts relate to semiconductor devices.

BACKGROUND
[0003] As demand for high performance, high speed, and/or multifunctionality of
semiconductor devices increases, the degree of integration of the semiconductor device is
increasing. In manufacturing a semiconductor device having a fine pattern corresponding to
the trend for high integration of semiconductor devices, it is necessary to implement patterns
having a fine width or a fine separation distance. In addition, in order to reduce the limitations
of operating characteristics due to the size reduction of planar metal oxide semiconductor FETS,
efforts are being made to develop semiconductor devices including FinFETs having a

three-dimensional channel structure.

SUMMARY
[0004] Some example embodiments provide a semiconductor device having improved
electrical characteristics and reliability characteristics.
[0005] According to some example embodiments, a semiconductor device may include a
first active region extending in a first direction and having a first width in a second direction.
The second direction may be perpendicular to the first direction. The semiconductor device
may include a second active region extending in the first direction and having a second width in

the second direction. The second width may be greater than the first width. The



semiconductor device may include a connection region connected to both of the first active
region and the second active region. The connection region may have a third width in the
second direction. The third width may be greater than the first width and less than the second
width. The semiconductor device may include a first gate structure intersecting the first active
region and extending in the second direction, a second gate structure intersecting the second
active region and extending in the second direction, and a dummy structure intersecting at least
a portion of the connection region. The dummy structure may extend in the second direction.
The dummy structure may be between the first and second gate structures in the first direction.
The semiconductor device may include source/drain regions on the first active region, the
second active region, and the connection region. The source/drain regions may be on at least
one side of each of the first and second gate structures and at least one side of the dummy
structure. The dummy structure may include a first pattern portion isolated from direct contact
with a side surface of the first gate structure by a first distance in the first direction, and a
second pattern portion isolated from direct contact with the side surface of the first gate
structure by a second distance in the first direction, the second distance being greater than the
first distance.

[0006] According to some example embodiments, a semiconductor device may include an
active region extending in a first direction on a substrate. The active region may include a first
active region having a first width in a second direction, a second active region having a second
width in the second direction, and a connection region between the first active region and the
second active region. The second direction may be perpendicular to the first direction. The
second width may be greater than the first width. The connection region may have an inclined
surface at least partially defined by a difference between the first width and the second width.
The semiconductor device may include a gate structure intersecting the first active region and
extending in the second direction, and a dummy structure intersecting the connection region.
The dummy structure may extend in the second direction. The dummy structure may be
adjacent to the gate structure. The semiconductor device may include a first source/drain

region on the connection region. The first source/drain region may be between a first side of



the gate structure and a first side of the dummy structure. The semiconductor device may
include a second source/drain region on the first active region. The second source/drain region
may be on a second side of the gate structure opposing the first side. The first source/drain
region may have a first length in the first direction. The second source/drain region may have
a second length in the first direction.  The first length may be less than the second length.

[0007] According to some example embodiments, a semiconductor device may include an
active region extending in a first direction on a substrate. The active region may include a first
active region having a first width in a second direction, a second active region having a second
width in the second direction, and a connection region between the first active region and the
second active region. The second direction may be perpendicular to the first direction. The
second width may be greater than the first width. The connection region may have an inclined
surface at least partially defined by a difference between the first width and the second width.
The semiconductor device may include a first gate structure intersecting the first active region
and extending in the second direction, a plurality of first channel layers on the first active region,
a second gate structure intersecting the second active region and extending in the second
direction, and a plurality of second channel layers on the second active region. The plurality
of first channel layers may be vertically spaced apart from each other. The plurality of first
channel layers may be at least partially surrounded by the first gate structure. The plurality of
second channel layers may be vertically spaced apart from each other. The plurality of second
channel layers may be at least partially surrounded by the second gate structure. The
semiconductor device may include a dummy structure intersecting the connection region. The
dummy structure may extend in the second direction. The dummy structure may be between
the first and second gate structures in the first direction. The dummy structure may include a
first pattern portion isolated from direct contact with a side surface of the first gate structure by
a first distance in the first direction, and a second pattern portion isolated from direct contact
with the side surface of the first gate structure by a second distance in the first direction. The

second distance may be greater than the first distance.



BRIEF DESCRIPTION OF DRAWINGS

[0008] The above and other aspects, features, and advantages of the present inventive
concepts will be more clearly understood from the following detailed description, taken in
conjunction with the accompanying drawings, in which:

FIG. 1A is a plan view illustrating a semiconductor device according to some example
embodiments;

FIGS. 1B and 1C are cross-sectional views illustrating a semiconductor device
according to some example embodiments;

FIG. 2 is a plan view illustrating a semiconductor device according to some example
embodiments;

FIGS. 3A and 3B are plan views illustrating semiconductor devices according to some
example embodiments;

FIG. 3C is a cross-sectional view illustrating a semiconductor device according to some
example embodiments;

FIGS. 4A and 4B are plan views illustrating semiconductor devices according to some
example embodiments;

FIG. 4C is a cross-sectional view illustrating a semiconductor device according to some
example embodiments;

FIGS. 5, 6, 7, 8, and 9 are cross-sectional views illustrating semiconductor devices
according to some example embodiments; and

FIGS. 10A, 10B, 10C, 11A, 11B, 11C, 12, 13, 14A, 14B, and 15 are diagrams
illustrating a process sequence to illustrate a method of manufacturing a semiconductor device

according to some example embodiments.

DETAILED DESCRIPTION
[0009] Hereinafter, some example embodiments will be described in detail with reference to

the accompanying drawings.



[0010] It will be understood that when an element such as a layer, film, region, or substrate is
referred to as being “on” another element, it may be directly on the other element or intervening
elements may also be present. In contrast, when an element is referred to as being “directly on”
another element, there are no intervening elements present. It will further be understood that
when an element is referred to as being “on” another element, it may be above or beneath or
adjacent (e.g., horizontally adjacent) to the other element.

[0011] It will be understood that elements and/or properties thereof (e.g., structures, surfaces,
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directions, or the like), which may be referred to as being “perpendicular,” “parallel,” “coplanar,”

or the like with regard to other elements and/or properties thereof (e.g., structures, surfaces,
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directions, or the like) may be “perpendicular,” “parallel,” “coplanar,” or the like or may be
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“substantially perpendicular,” “substantially parallel,” “substantially coplanar,” respectively,
with regard to the other elements and/or properties thereof.

[0012] Elements and/or properties thereof (e.g., structures, surfaces, directions, or the like)
that are “substantially perpendicular” with regard to other elements and/or properties thereof will
be understood to be “perpendicular” with regard to the other elements and/or properties thereof
within manufacturing tolerances and/or material tolerances and/or have a deviation in magnitude
and/or angle from “perpendicular,” or the like with regard to the other elements and/or properties
thereof that is equal to or less than 10% (e.g., a. tolerance of £10%).

[0013] Elements and/or properties thereof (e.g., structures, surfaces, directions, or the like)
that are “substantially parallel” with regard to other elements and/or properties thereof will be
understood to be “parallel” with regard to the other elements and/or properties thereof within
manufacturing tolerances and/or material tolerances and/or have a deviation in magnitude and/or
angle from “parallel,” or the like with regard to the other elements and/or properties thereof that
is equal to or less than 10% (e.g., a. tolerance of £10%).

[0014] Elements and/or properties thereof (e.g., structures, surfaces, directions, or the like)
that are “substantially coplanar” with regard to other elements and/or properties thereof will be
understood to be “coplanar” with regard to the other elements and/or properties thereof within

manufacturing tolerances and/or material tolerances and/or have a deviation in magnitude and/or



angle from “coplanar,” or the like with regard to the other elements and/or properties thereof that
is equal to or less than 10% (e.qg., a. tolerance of £10%)).

[0015] It will be understood that elements and/or properties thereof may be recited herein as
being “the same” or “equal” as other elements, and it will be further understood that elements
and/or properties thereof recited herein as being “identical” to, “the same™ as, or “equal” to other
elements may be “identical” to, “the same” as, or “equal” to or “substantially identical” to,
“substantially the same” as or “substantially equal” to the other elements and/or properties
thereof. Elements and/or properties thereof that are “substantially identical” to, “substantially
the same” as or “substantially equal” to other elements and/or properties thereof will be
understood to include elements and/or properties thereof that are identical to, the same as, or
equal to the other elements and/or properties thereof within manufacturing tolerances and/or
material tolerances. Elements and/or properties thereof that are identical or substantially
identical to and/or the same or substantially the same as other elements and/or properties thereof
may be structurally the same or substantially the same, functionally the same or substantially the
same, and/or compositionally the same or substantially the same.

[0016] It will be understood that elements and/or properties thereof described herein as being
“substantially” the same and/or identical encompasses elements and/or properties thereof that
have a relative difference in magnitude that is equal to or less than 10%. Further, regardless of
whether elements and/or properties thereof are modified as "substantially,” it will be understood
that these elements and/or properties thereof should be construed as including a manufacturing or
operational tolerance (e.g., £10%) around the stated elements and/or properties thereof.

[0017] When the terms "about" or “substantially” are used in this specification in connection
with a numerical value, it is intended that the associated numerical value include a tolerance of
+10% around the stated numerical value. When ranges are specified, the range includes all
values therebetween such as increments of 0.1%.

[0018] FIG. 1A is a plan view illustrating a semiconductor device according to some example

embodiments.



[0019] FIGS. 1B and 1C are cross-sectional views illustrating a semiconductor device
according to some example embodiments. FIG. 1B illustrates a cross-section of the
semiconductor device of FIG. 1A taken along line I-I’ shown in FIG. 1A. FIG. 1C illustrates
cross-sections of the semiconductor device of FIG. 1A taken along lines I1-1T° and 111-11T" shown
in FIG. 1A. For convenience of description, only major components of the semiconductor
device are illustrated in FIG. 1A.

[0020] Referring to FIGS. 1A to 1C, a semiconductor device 100a may include a substrate 101,
an active region 105 and channel layers 140 on the substrate 101, and source/drain regions 150
on the active region 105, and gate structures 160 and a dummy structure 170 intersecting the
active region 105. The semiconductor device 100a may further include a device isolation layer
110, an inner spacer layer 130, a contact structure 180, and an interlayer insulating layer 190.
[0021] In the semiconductor device 100a, the active region 105 may have a fin structure, and a
gate electrode 165 of the gate structure 160 may be disposed between the active region 105 and
the channel layers 140, between the channel layers 140, and on an upper portion of the channel
layers 140. Accordingly, the semiconductor device 100a may include a multi-bridge channel
FET (MBCFET™) comprising the channel layers 140, the source/drain regions 150, and the gate
electrode 165.

[0022] However, the present inventive concepts is not limited thereto, and for example, may
provide a FINFET which is a transistor in which the active region 105 may have a fin structure
and a channel region of the transistor is formed in the active region 105 intersecting the gate
electrode 165. The present inventive concepts may also provide, for example, a vertical Field
Effect Transistor (FET) in which the active region 105 extending perpendicularly to the upper
surface of the substrate 101 and the gate structure 160 surrounding the side surface of the active
region 105 are disposed.

[0023] The substrate 101 may include a semiconductor material, for example, a group 1V
semiconductor, a group IllI-V compound semiconductor, or a group II-VI compound
semiconductor. For example, the group 1V semiconductor may include silicon (Si), germanium

(Ge), or silicon germanium (SiGe). The substrate 101 may be provided as a bulk wafer, an



epitaxial layer, a silicon on insulator (SOI) layer, a semiconductor on insulator (SeOl) layer, or
the like.

[0024] The active region 105 is defined by the device isolation layer 110 in the substrate 101
and may be disposed to extend in a first direction, for example, an X-direction. The active
region 105 may have a structure protruding from the substrate 101. The upper end of the active
region 105 may be disposed to protrude by a particular (or, alternatively, predetermined) distance
from the upper surface of the device isolation layer 110. The active region 105 may be formed
as a part of the substrate 101, or may include an epitaxial layer grown from the substrate 101.
Merely, on both sides of the gate structure 160, the active region 105 on the substrate 101 may
be partially recessed, and the source/drain regions 150 may be disposed on the recessed active
region 105. Accordingly, as illustrated in FIG. 1B, the active region 105 below the channel
layers 140 and the gate structure 160 may have a relatively high height. In some embodiments,
the active region 105 may include impurities, and at least portions of the active regions 105 may
include impurities of different conductivity types, but is not limited thereto. The active region
105 may be provided as a plurality of active regions 105 spaced apart from each other in the
second direction, for example, the Y-direction.

[0025] The active region 105 may include a first active region 105N extending in the
X-direction (also referred to herein as a first direction) and having a first width W1 in the
Y-direction (also referred to herein as a second direction that is perpendicular to the first
direction), a second active region 105W extending in the X-direction and having a second width
W?2 greater (e.g., greater in magnitude) than the first width W1 in the Y-direction (e.g., the
second width W2 in the Y-direction may be greater in magnitude than the first width W1 in the
Y-direction), and a connection region 105T having a third width W3 greater (e.g., larger) than
the first width W1 and less (e.g., smaller) than the second width W2 in the Y-direction (e.g., the
third width W3 in the Y-direction may be greater in magnitude than the first width W1 in the
Y-direction and smaller in magnitude than the second width W2 in the Y-direction). The
X-direction and the Y-direction may be perpendicular to each other. The connection region

105T may be a region that connects (e.g., is connected to both of) the first active region 105N



and the second active region 105W having different widths in the Y-direction, to each other.
The first active region 105N, the second active region 105W, and the connection region 105T
may be integrally formed to form a continuous structure.

[0026] As illustrated in FIG. 1A, the connection region 105T may provide a tapered or inclined
side surface TP by a portion having a variable width in the Y-direction. Restated, and as shown
in at least FIG. 1A, the connection region 105T may include a portion having a width in the
Y-direction that varies in the X-direction, and the portion of the connection region 105T may at
least partially define such a tapered or inclined side surface TP based on the variation, in the
X-direction, of the width in the Y-direction of the portion of the connection region. For
example, the connection region 105T may have the inclined surface TP due to (e.g., at least
partially defined by) a difference between the first width W1 and the second width W2. The
width of the connection region 105T in the Y-direction may continuously decrease from the
second active region 105W toward the first active region 105N. At least one sides of each of
the connection region 105T, the first active region 105N and the second active region 105W may
be disposed on a straight line, but the configuration is not limited thereto.

[0027] The semiconductor device 100a may provide transistors having different characteristics
through the first active region 105N and the second active region 105W having different widths.
For example, the first active region 105N may constitute a first transistor having a narrow
channel width in a narrow fin region NS, and the second active region 105W may constitute a
second transistor having a wide channel width in a wide fin region WS. The connection region
105T may be disposed in a transition region TS, which is a region in which a width of a fin
changes in one active region 105.

[0028] The device isolation layer 110 may define the active region 105 in the substrate 101.
The device isolation layer 110 may be formed by, for example, a shallow trench isolation (STI)
process. The device isolation layer 110 may expose upper sidewalls of the active region 105.
The device isolation layer 110 may extend in the Y-direction and may cover lower portions of
side surfaces (e.g., each side surface) of each of the first and second active regions 105N and

105W and the connection region 105T. In some embodiments, the device isolation layer 110



may include a region disposed between the active regions 105 and extending relatively deeper
into the lower portion of the substrate 101. The device isolation layer 110 may have a curved
upper surface having a higher level as it approaches the active region 105, but the shape of the
upper surface of the device isolation layer 110 is not limited thereto. The device isolation layer
110 may be formed of an insulating material. The device isolation layer 110 may be formed of,
for example, an oxide, a nitride, or a combination thereof.

[0029] The channel layers 140 may include two or more layers disposed on the active region
105 to be spaced apart from each other in a direction perpendicular to the upper surface of the
active region 105, for example, in the Z-direction. The plurality of layers is configured as three
layers in the drawing, but is not limited thereto, and may be configured as, for example, four
layers. The channel layers 140 may be spaced apart from the upper surface of the active region
105 while being connected to the source/drain region 150. The channel layers 140 may have
the same or similar width as that of the active region 105 in the Y-direction, and may have the
same or similar width as that of the gate structure 160 in the X-direction. The channel layers
140 may be formed of a semiconductor material, and may include at least one of, for example,
silicon (Si), silicon germanium (SiGe), and germanium (Ge). The channel layers 140 may be
formed of, for example, the same material as the substrate 101. The dummy channel layers
140d may be disposed to contact the periphery of the insulating isolation pattern 178 of the
dummy structure 170, but the configuration is not limited thereto.

[0030] The channel layers 140 may include first channel layers 140N on the first active region
NS and second channel layers 140W on the second active region WS. As shown in FIGS.
1A-1C, the first channel layers 140N may be on the first active region 105N, may be vertically
spaced apart from each other in the Z-direction (e.g., isolated from direct contact with each other
in the Z-direction while at least partially overlapping each other in the Z-direction), and may be
at least partially surrounded by the first gate structure 160A. As further shown in FIGS. 1A-1C,
the second channel layers 140W may be on the second active region 105W, may be vertically
spaced apart from each other in the Z-direction (e.g., isolated from direct contact with each other

in the Z-direction while at least partially overlapping each other in the Z-direction), and may be
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at least partially surrounded by the second gate structure 160B. The first channel layers 140N
may have a first width NW1 in the Y-direction that is equal to or similar to the first width W1 of
the first active region NS in the Y-direction. The second channel layers 140W may have a
second width WW2 in the Y-direction that is equal to or similar to the second width W2 of the
second active region WS. The first width NW1 of the first channel layers 140N may be less
than the second width WW2 of the second channel layers 140W.

[0031] The semiconductor device 100a may provide transistors having different characteristics
through the first channel layer 140N and the second channel layer 140W having different widths.
For example, the first channel layer 140N may constitute a first transistor having the narrow
channel width NW1 in the narrow fin region NS, and the second channel layer 140W may
constitute a second transistor having the wide channel width WW?2 in the wide fin region WS.
[0032] The gate structure 160 intersects the active region 105 and the channel layers 140, on the
active region 105 and the channel layers 140, to extend in the second direction, for example, the
Y-direction. Channel regions of transistors may be formed in the active region 105 and the
channel layers 140 intersecting the gate structure 160. The gate structure 160 may include a
gate electrode 165, a gate dielectric layer 163 between the gate electrode 165 and the channel
layers 140, gate spacer layers 164 on side surfaces of the gate electrode 165, and a gate capping
layer 166 on the upper surface of the gate electrode 165, as illustrated in FIG. 1B.

[0033] The gate dielectric layer 163 may be disposed between the active region 105 and the
gate electrode 165 and between the channel layers 140 and the gate electrode 165, and may be
disposed to cover at least a portion of the surfaces of the gate electrode 165. For example, the
gate dielectric layer 163 may be disposed to surround all surfaces of the gate electrode 165
except the upper surface thereof. The gate dielectric layer 163 may extend between the gate
electrode 165 and the gate spacer layers 164, but the configuration is not limited thereto. The
gate dielectric layer 163 may include an oxide, nitride, or high-k material. The high-k material
may refer to a dielectric material having a higher dielectric constant than that of a silicon oxide
layer (SiO2). The high dielectric constant material is, for example, aluminum oxide (Al203),

tantalum oxide (Ta203), titanium oxide (TiO2), yttrium oxide (Y20s), zirconium oxide (ZrO2),
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zirconium silicon oxide (ZrSixOy), hafnium oxide (HfO2), hafnium silicon oxide (HfSixOy),
lanthanum oxide (La203), lanthanum aluminum oxide (LaAlxOy), lanthanum hafnium oxide
(LaHfxOy), hafnium aluminum oxide (HfAIxOy), and praseodymium oxide (Pr203).

[0034] The gate electrode 165 may be disposed on the active region 105 to fill a space between
the channel layers 140 and to extend upwardly of the channel layers 140. The gate electrode
165 may be symmetrical with respect to a centerline (e.g., a centerline of the gate electrode 165)
in the Y-direction. The gate electrode 165 may be spaced apart from the channel layers 140 by
the gate dielectric layer 163. The gate electrode 165 may include a conductive material, for
example, a metal nitride such as titanium nitride (TiN), tantalum nitride (TaN) or tungsten nitride
(WN), and/or a metallic material such as aluminum (Al), tungsten (W) or molybdenum (Mo), or
a semiconductor material such as doped polysilicon. The gate electrode 165 may be formed of
two or more multilayer structures.

[0035] The gate spacer layers 164 may each cover at least one side surface of a gate electrode
165. The gate spacer layers 164 may be disposed on both side surfaces of the gate electrode
165 and may extend in the Z-direction perpendicular to the upper surface of the substrate 101.
In some example embodiments, the gate spacer layers 164 may include a portion having a curved
outer surface in such a manner that an upper width of each of the gate spacer layers 164 is less
than a lower width. The gate spacer layers 164 may insulate the source/drain regions 150 from
the gate electrodes 165. The gate spacer layers 164 may have a multilayer structure according
to some example embodiments. The gate spacer layers 164 may be formed of oxide, nitride, or
oxynitride, and in detail, a low-k film.

[0036] The gate capping layer 166 may be disposed on the gate electrode 165 (e.g., an upper
surface of the gate electrode 165). The gate capping layer 166 may be disposed to extend in the
second direction, for example, the Y-direction along the upper surface of the gate electrode 165.
Side surfaces of the gate capping layer 166 may be surrounded by the gate spacer layers 164.
An upper surface of the gate capping layer 166 may be substantially coplanar with upper

surfaces of the gate spacer layers 164, but the configuration is not limited thereto. The gate
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capping layer 166 may be formed of oxide, nitride, and oxynitride, and in detail, may include at
least one of SiO, SiN, SiCN, SiOC, SiON, and SiOCN.

[0037] The gate structure 160 may include first gate structures 160A extending in the
Y-direction while intersecting the first active region 105N, and second gate structures 160B
extending in the Y-direction while intersecting the second active region 105W. Accordingly,
the semiconductor device 100a may include a first gate structure 160A intersecting the first
active region 105N and extending in the Y-direction, and the semiconductor device 100a may
include a second gate structure 160B intersecting the second active region 105W and extending
in the Y-direction. The first gate structures 160A are spaced apart from each other by a first
gate separation distance Gd1 in the X-direction, and the second gate structures 160B are spaced
apart from each other by a second gate separation distance Gd2 in the X-direction. The first
gate separation distance Gd1 and the second gate separation distance Gd2 may be substantially
the same. In this specification, "substantially the same™ means the same, or a case where there
is a difference in the range of deviations occurring in the manufacturing process, and it can be
interpreted as the same meaning even when the expression "substantially” is omitted. As
illustrated in FIG. 1C, a length of the gate electrode 165 of the first gate structure 160A between
the first channel layers 140N, extending in the Y-direction, may be less than a length of the gate
electrode 165 of the second gate structure 160B between the second channel layers 140W,
extending in the Y-direction. Each of the first and second gate structures 160A and 160B may
have a symmetrical shape and thus may be symmetrical with respect to a centerline of each of
the first and second gate structures 160A and 160B in the Y-direction.

[0038] The source/drain regions 150 may be disposed on the active region 105 on both sides of
the channel layers 140. The source/drain regions 150 may serve as a source region or a drain
region of the transistor. The source/drain region 150 may be disposed to cover an upper surface
of the active region 105, on a side surface of each of the channel layers 140 and on a lower end
of the source/drain region 150. The source/drain region 150 may be disposed by partially
recessing an upper portion of the active region 105, but in some example embodiments, the

presence or absence of the recess and the depth of the recess may be variously changed. In
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some example embodiments, the source/drain region 150 may have a mutually-connected
merged shape, between the active regions 105 adjacent in the Y-direction, but the shape thereof
Is not limited thereto.

[0039] The source/drain regions 150 may be a semiconductor layer including silicon (Si), and
may be formed of an epitaxial layer. The source/drain regions 150 may include impurities of
different types and/or concentrations. For example, the source/drain regions 150 may include
n-type doped silicon (Si) or p-type doped silicon germanium (SiGe). In some example
embodiments, the source/drain regions 150 may include a plurality of regions including different
concentrations of elements and/or doping elements.

[0040] The source/drain regions 150 may be on the first active region 105N, the second active
region 105W, and the connection region 105T, and may be on at least one side of each of the
first and second gate structures 160A and 160B and at least one side of the dummy structure 170.
The source/drain regions 150 may include a first source/drain region 150T disposed on the
connection region 105T in the transition region TS, a second source/drain region 150N disposed
on the first active region 105N in the narrow fin region NS, and a third source/drain region
150W disposed on the second active region 105W in the wide fin region WS. The first
source/drain region 150T may be disposed between a first side of the first gate structure 160A
and a first side of the dummy structure 170, facing each other. The second source/drain region
150N may be disposed on a second side of the first gate structure 160A. The first side and the
second side of the first gate structure 160A may oppose each other in the X-direction. The third
source/drain region 150W may be disposed between a second side of the dummy structure 170
and a first side of the second gate structure 160B, facing each other. The second source/drain
region 150N may be disposed between the first gate structures 160A, and the third source/drain
region 150W may be disposed between the second gate structures 160B.

[0041] The first source/drain region 150T and the second source/drain region 150N may be
disposed on both sides in the X-direction, with respect to the first gate structure 160A
therebetween. The first source/drain region 150T and the second source/drain region 150N

may form an asymmetric structure. A width W1la of the first source/drain region 150T in the
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Y-direction at a portion where the first source/drain region 150T contacts the dummy structure
170, which may be a maximum width of the first source/drain region 150T in the Y direction,
may be greater than a width W2a of the second source/drain region 150N in the Y-direction at a
portion where the second source/drain region 150N contacts the first gate structure 160A and
may be greater than a maximum width of the second source/drain region 150N in the Y
direction,. The first source/drain region 150T may have a first length L1 in the X-direction.
The second source/drain region 150N may have a second length L2 in the X-direction. The
first length L1 may be less than the second length L2.

[0042] The first source/drain region 150T may have an asymmetric shape. For example, the
first source/drain region 150T may be asymmetrical with respect to a centerline, and the
centerline may be a line extending in the Y direction, between both ends (e.g., opposite ends) of
the first source/drain region 150T opposing each other in the X-direction. A width W1a of the
first source/drain region 150T in the Y-direction on a portion of the first source/drain region
150T adjacent to the dummy structure 170 may be greater than a width W1b thereof in the
Y-direction on a portion thereof adjacent to the first gate structure 160A.

[0043] In the absence of the first pattern portion 171, since the width of the connection region
105T is changed in the transition region TS, the source/drain regions 150T and 150N on both
sides of the first gate structure 160A may have different sizes, e.g., volume. In this case, the
performance of the device is changed due to the stress caused by the size difference between the
source/drain regions 150T and 150N. According to some example embodiments, the length of
the first source/drain region 150T in the X-direction by the first pattern portion 171 of the
dummy structure 170 may be L1 which is less than L2. Accordingly, the volume of the first
source/drain region 150T may be similar to or substantially the same as the volume of the second
source/drain region 150N. Accordingly, since stress due to a size difference between the
source/drain regions 150T and 150N may be reduced or significantly decreased, the
semiconductor device 100a having improved electrical characteristics and reliability may be

provided.
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[0044] The dummy structure 170 may be disposed to intersect at least a portion of the
connection region 105T and to extend in the Y-direction. The dummy structure 170 may be
disposed adjacent to and between the first gate structure 160A and the second gate structure
160B (e.g., the dummy structure 170 may be between the first gate structure 160A and the
second gate structure 160B in the X-direction).

[0045] The dummy structure 170 may be formed to have a shape different from that of the gate
structure 160. As shown in at least FIG. 1A, the dummy structure 170 may be asymmetrical
with respect to a centerline, of the dummy structure 170, that extends in the Y-direction. The
dummy structure 170 may include a first pattern portion 171 spaced apart from (e.g., isolated
from direct contact with) a side surface or the first side of the first gate structure 160A by a first
distance d1 in the X-direction, and a second pattern portion 172 spaced apart therefrom by a
second distance d2 in the X-direction that is greater (e.g., greater in magnitude) than the first
distance d1. The second pattern portion 172 may be disposed on both sides of the first pattern
portion 171 in the Y-direction. The first pattern portion 171 may intersect the active region
105, and the second pattern portion 172 may be disposed on the device isolation layer 110. The
first pattern portion 171 may be disposed to at least partially overlap the inclined surface TP
(e.g., inclined side surface) of the active region 105 (e.g., at least partially overlap the inclined
side surface of the connection region in the Z-direction).

[0046] One side of the first pattern portion 171 may protrude further in the X-direction toward
the first gate structure 160A than one side of the second pattern portion 172. Restated, the first
pattern portion 171 may protrude further in the X-direction toward the first gate structure 160A
than the second pattern portion 172. Restated further, the first pattern portion 171 may be
closer (e.g., proximate) to the first gate structure 160A in the X-direction than the second pattern
portion 172). The first pattern portion 171 and the second pattern portion 172 may have
different widths each other in the X-direction. The first pattern portion 171 has a first
maximum width MW1 in the X-direction, the second pattern portion 172 has a second maximum
width MW?2 in the X-direction, and the first maximum width MW1 may be greater (e.g., greater

in magnitude) than the second maximum width MW2. The first maximum width MW1 of the
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first pattern portion 171 in the X-direction may be greater than a maximum width of the first gate
structure 160A in the X-direction and a maximum width of the second gate structure 160B in the
X-direction (e.g., may be greater than both the maximum width of the first gate structure 160A in
the X-direction and the maximum width of the second gate structure 160B in the X-direction).
The dummy structure 170 may include a bent portion due to (e.g., based on) a difference in
width in the X-direction between the first maximum width MW1 and the second maximum
width MW?2,

[0047] The first side of the dummy structure 170 may include a first surface S1 in contact with
the first source/drain region 150T, a second surface S2 bent from the first surface S1 (e.g.,
extending at an angle in relation to the first surface S1), and a third surface S3 bent from the
second surface S2 and extending in the Y-direction. The first surface S1 may be a side surface
on which the first pattern portion 171 faces the first side of the first gate structure 160A, and the
third surface S3 may be a side surface on which the second pattern portion 172 faces the first
side of the first gate structure 160A. The first gate structure 160A may include a first portion
overlapping the first pattern portion 171 in the X-direction, and a second portion overlapping the
second pattern portion 172 in the X-direction. A side surface of the first portion and a side
surface of the second portion may be aligned on the first side of the first gate structure 160A.
For example, the side surface of the first portion and the side surface of the second portion may
extend in parallel with each other and with the first side of the first gate structure 160A. For
example, the side surface of the first portion and the side surface of the second portion may be
positioned on a straight line in the Y-direction or may extend in a straight line in the Y-direction.
The first distance d1 in the X-direction between the first surface S1 and the side surface of the
first portion of the first gate structure 160A (which may be part of the first side of the first gate
structure 160A) may be less than the second distance d2 in the X-direction between the third
surface S3 and the side surface of the second portion of the first gate structure 160A (which may
be part of the first side of the first gate structure 160A). The second side of the dummy
structure 170 and the second gate structure 160B may be spaced apart from each other by a third

distance d3 in the X-direction. In some example embodiments, the third distance d3 may be
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substantially equal to the second distance d2 and may be greater than the first distance d1. The
second distance d2, the third distance d3, the first gate separation distance Gd1, and the second
gate separation distance Gd2 may all be substantially the same.

[0048] In some example embodiments, the dummy structure 170 may be formed to have
various shapes in a plan view. Other adjacent structures may be formed to have the same shape
at a constant pitch, and the dummy structure 170 may be formed to have a shape different
therefrom.

[0049] As illustrated in FIG. 1B, the dummy structure 170 may include an insulating isolation
pattern 178 and a spacer pattern 174 covering at least one side of the insulating isolation pattern
178. Alternatively, the dummy structure 170 may be formed of other components as illustrated
in FIG. 5 below. FIGS. 1A to 1C illustrate an example in which the insulating isolation pattern
178 of the dummy structure 170 penetrates through at least a portion of the active region 105 and
separates adjacent source/drain regions 150T and 150W. Transistors may be separated to the
left and right of the insulating isolation pattern 178. The spacer pattern 174 may be bent to
form the first to third surfaces S1, S2, and S3 of the dummy structure 170. The insulating
isolation pattern 178 may have an inclined side surface in which a lower width is narrower than
an upper width. As shown in at least FIG. 1B, the lower end of the insulating isolation pattern
178 may be located on a level lower than the upper end of the active region 105 and thus may be
at a lower level than an upper end of each of the first and second active regions 105N and 105W
and the connection region 105T. As shown in at least FIG. 1B, the lower end of the insulating
isolation pattern 178 may be positioned on (e.g., may be at) a lower level than lower ends of the
source/drain regions 150. The lower end of the insulating isolation pattern 178 may be located
on (e.g., may be at) a different level from (e.g., a different level than) a level of the lower end of
the device isolation layer 110. The insulating isolation pattern 178 may include at least one of,
for example, SiO, SiN, SIiCN, SiOC, SiON and SiIOCN. The spacer pattern 174 may be formed
of the same material as the gate spacer layers 164.

[0050] As described herein, a “level” of an element may refer to a distance in the Z-direction of

the element from the substrate 101. For example, elements at different levels are at different
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distances from the substrate 101 in the Z-direction, an element at a higher or lower level than
another element may be further or closer to the substrate 101 in the Z-direction than the other
element, etc.

[0051] The inner spacer layers 130 may be disposed in parallel with the gate electrode 165,
between the channel layers 140. The inner spacer layers 130 may respectively have an outer
surface that is substantially coplanar with an outer surface of each of the channel layers 140.
Below the channel layers 140, the gate electrode 165 may be spaced apart from the source/drain
regions 150 by the inner spacer layers 130. The inner spacer layers 130 may have a shape in
which a side surface facing the gate electrode 165 is convexly rounded inwardly toward the gate
electrode 165, but the shape thereof is not limited thereto. The inner spacer layers 130 may be
formed of oxide, nitride, and oxynitride, but in detail, formed of a low-k film. According to
some example embodiments, the inner spacer layers 130 may be omitted, and in this case, the
source/drain regions 150 may be in direct contact with the side surface of the gate dielectric layer
163, between the channel layers 140.

[0052] The contact structure 180 may penetrate through the interlayer insulating layer 190 in a
vertical direction, for example, in the Z-direction, between the gate structures 160 and between
the gate structures 160 and the dummy structure 170. The contact structure 180 may be
connected to the source/drain regions 150. The contact structure 180 may apply an electrical
signal to the source/drain regions 150. The contact structure 180 may be disposed on the
source/drain regions 150. The contact structure 180 may have an inclined side surface in which
a lower width is narrower than an upper width according to an aspect ratio, but the configuration
is not limited thereto. The contact structure 180 may include a metal-semiconductor compound
layer 181 and a contact plug 185 on the metal-semiconductor compound layer 181.

[0053] The metal-semiconductor compound layer 181 may include, for example, metal silicide,
metal germanide, or metal silicide-germanide. In the metal-semiconductor compound layer
181, the metal may be titanium (Ti), nickel (Ni), tantalum (Ta), cobalt (Co), or tungsten (W), and

the semiconductor may be silicon (Si), germanium (Ge), or silicon germanium (SiGe). For
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example, the metal-semiconductor compound layer 181 may include at least one of cobalt
silicide (CoSi), titanium silicide (TiSi), nickel silicide (NiSi), and tungsten silicide (WSi).

[0054] The contact plug 185 may include a barrier layer 185A and a plug layer 185B. The
barrier layer 185A may surround a lower surface and side surfaces of the plug layer 185B. The
barrier layer 185A may include a metal nitride, for example, at least one of titanium nitride
(TiN), tantalum nitride (TaN), and tungsten nitride (WN). The plug layer 185B may include a
metal material, for example, at least one of aluminum (Al), copper (Cu), tungsten (W), cobalt
(Co), ruthenium (Ru), or molybdenum (Mo). In some example embodiments, the barrier layer
185A may be omitted.

[0055] The interlayer insulating layer 190 may be disposed to cover upper surfaces of the
source/drain regions 150 and the gate structures 160. The interlayer insulating layer 190 may
be disposed to cover a upper surface of a partial region of the device isolation layer 110, which is
not covered by the gate structure 160. The interlayer insulating layer 190 may include, for
example, at least one of an oxide, a nitride, and an oxynitride, and may include a low-k material.
[0056] FIG. 2 is a plan view illustrating a semiconductor device according to some example
embodiments.

[0057] Referring to FIG. 2, in a semiconductor device 100aa, a first pattern portion 171a of the
dummy structure 170 may have a convex side surface toward the first gate structure 160A. For
example, a first surface Sla that is a side surface of the first pattern portion 171a may convexly
protrude from a third surface S3 that is a side surface of a second pattern portion 172. The
central portion of the first pattern portion 171a may have a first maximum width MW1 greater
than a second maximum width MW2 of the second pattern portion 172 in the X-direction. The
width of an edge portion of the first pattern portion 171a in the X-direction may gradually
decrease from the central portion toward the second pattern portion 172. The edge portion may
be disposed on both sides of the central portion in the Y-direction, and may be connected to the
second pattern portion 172. The structure of the cross section of the semiconductor device

100aa may be the same as or similar to that of FIGS. 1B and 1C.
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[0058] FIGS. 3A and 3B are plan views illustrating semiconductor devices according to some
example embodiments.

[0059] FIG. 3C is a cross-sectional view illustrating a semiconductor device according to some
example embodiments. FIG. 3C may correspond to a cross-section of the semiconductor device
of FIG. 3A taken along line I-I’ shown in FIG. 3A or may correspond to a cross section of the
semiconductor device of FIG. 3B taken along line I-I’ shown in FIG. 3B.

[0060] Referring to FIGS. 3A and 3C, in a semiconductor device 100b, a first pattern portion
171b of a dummy structure 170 may include a protrusion and a recess. The protrusion may
protrude from one side S3 of a second pattern portion 172 toward a first gate structure 160A.
The recess may extend from the other side of the second pattern portion 172 and be concavely
recessed toward the first gate structure 160A. The first pattern portion 171b may have a first
region having a width MW1a substantially equal to a second maximum width MW?2 of the
second pattern portion 172, and a second region having a first maximum width MW1b greater
than the second maximum width MW2.

[0061] A first side of the dummy structure 170 facing the first gate structure 160A may have a
structure having the first to third surfaces S1, S2 and S3 described with reference to FIGS. 1A to
1C. A second side of the dummy structure 170 facing the second gate structure 160B may have
fourth to sixth surfaces S4, S5, and S6. The fourth surface S4 is opposite to the first surface S1,
the fifth surface S5 is bent from the fourth surface S4, and the sixth surface S6 may be bent from
the fifth surface S5 and extend in the Y-direction to be connected to the other side surface of the
second pattern portion 172. A length of the fourth surface S4 in the Y-direction may be less
than a length of the first surface S1 in the Y-direction. The fourth distance d4 in the
X-direction between the fourth surface S4 and the second gate structure 160B may be greater
than the third distance d3 in the X-direction between the sixth surface S6 and the second gate
structure 160B.

[0062] Unlike in the case of some example embodiments, for example the example
embodiments shown in FIGS. 1A-1C and/or FIG. 2, the third source/drain region 150Wb may

have a relatively long length in the X-direction. For example, the third source/drain region
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150Wb may have a third length L3 greater than the second length L2 of the second source/drain
region 150N in the X-direction. The third length L3 may be greater than the first length L1 of
the first source/drain region 150T.

[0063] Referring to FIGS. 3B and 3C, in a semiconductor device 100bb, a first pattern portion
171bb of a dummy structure 170 has a structure similar to that of the first pattern portion 171b of
FIG. 3A, but may be bent at an obtuse angle from a second pattern portion 172. For example, a
second surface S2b may form an obtuse angle with the first surface S1 and the third surface S3,
and may be bent from the first surface S1 and the third surface S3. The fifth surface S5b may
also form an obtuse angle with the fourth surface S4 and the sixth surface S6, and may be bent
from the fourth surface S4 and the sixth surface S6.

[0064] FIGS. 4A and 4B are plan views illustrating semiconductor devices according to some
example embodiments.

[0065] FIG. 4C is a cross-sectional view illustrating a semiconductor device according to some
example embodiments. FIG. 4C may correspond to a cross-section of a semiconductor device
of FIG. 4A, taken along line I-I’ shown in FIG. 4A, or may correspond to a cross section of a
semiconductor device of FIG. 4B, taken along line I-I” shown in FIG. 4B.

[0066] Referring to FIGS. 4A and 4C, in a semiconductor device 100c, both side surfaces of a
first pattern portion 171c of a dummy structure 170, opposing each other in the X-direction, may
protrude further than both side surfaces of a second pattern portion 172, opposing each other in
the X-direction. For example, a first surface S1 of the dummy structure 170 may protrude
further toward the first gate structure 160A than a third surface S3, and a fourth surface S4c may
protrude further toward the second gate structure 160B than a sixth surface S6. The dummy
structure 170 may also be understood to include protrusions that respectively protrude from both
sides thereof in the X-direction. A first pattern portion 171c may have a first maximum width
MW!1c greater than a second maximum width MW?2 of the second pattern portion 172.

[0067] A first side of the dummy structure 170 facing the first gate structure 160A may have a
structure having the first to third surfaces S1, S2, and S3 described with reference to FIGS. 1A to

1C. A second side of the dummy structure 170 facing the second gate structure 160B may have
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fourth to sixth surfaces S4c, Sbc, and S6. Unlike some example embodiments, including the
example embodiments shown in FIG. 3A, the fourth surface S4c may protrude from the sixth
surface S6 that is another side of the second pattern portion 172 toward the second gate structure
160B, and the fifth surface S5¢c may be bent from the fourth surface S4c. A fifth distance d5 in
the X-direction between the fourth surface S4c and the second gate structure 160B may be less
than a third distance d3 in the X-direction between the sixth surface S6 and the second gate
structure 160B.

[0068] Unlike in the case of some example embodiments, for example the example
embodiments shown in FIGS. 1A-1C, FIG. 2, and/or FIGS. 3A-3C, the third source/drain region
150Wc may have a relatively short length in the X-direction. For example, the third
source/drain region 150Wc may have a fourth length L4 less than the second length L2 of the
second source/drain region 150N in the X-direction. The fourth length L4 may be substantially
the same as the first length L1 of the first source/drain region 150T, but is not limited thereto.
[0069] Referring to FIGS. 4B and 4C, in a semiconductor device 100cc, both side surfaces of a
first pattern portion 171cc opposing each other in the X-direction may be convex toward the first
gate structure 160A and the second gate structure 160B, respectively. For example, a first
surface S1 and a fourth surface S4cc of the first pattern portion 171cc may protrude further
convexly than a third surface S3 and a sixth surface S6 which are side surfaces of a second
pattern portion 172. A central portion of the first pattern portion 171cc may have a first
maximum width MW1c greater than a second maximum width MW2 of the second pattern
portion 172 in the X-direction. A width of an edge portion of the first pattern portion 171cc in
the X-direction may gradually decrease from the central portion toward the second pattern
portion 172. The edge portion may be disposed on both sides of the central portion in the
Y-direction, and may be connected to the second pattern portion 172.

[0070] FIG. 5 is a plan view illustrating a semiconductor device according to some example
embodiments.

[0071] Referring to FIG. 5, in a semiconductor device 100d, a first pattern portion 171d of a

dummy structure 170 may have a first maximum width MW1d less than a second maximum
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width MW?2 of a second pattern portion 172. The dummy structure 170 may have a dumbbell
shape in which the width of the center portion is less than the width of the edge portion in plan
view. A first side of the dummy structure 170 facing a first gate structure 160A may have first
to third surfaces S1d, S2d, and S3, and a second side of the dummy structure 170 facing a second
gate structure 160B may have fourth to sixth surfaces S4d, S5d, and S6. Unlike in the case of
some example embodiments, for example the example embodiments shown in FIGS. 1A-1C,
FIG. 2, FIGS. 3A-3C and/or FIG. 4, the first surface S1d may be depressed further than the third
surface S3 in a direction away from the first gate structure 160A, and the fourth surface S4d may
be depressed further than the sixth surface S6 in a direction away from the second gate structure
160B. The first surface S1d and the third surface S3 may be connected while having a curve,
and the fourth surface S4d and the sixth surface S6 may be connected while having a curve. A
sixth distance d6 between the fourth surface S4d and the second gate structure 160B may be
greater than a third distance d3 between the sixth surface S6 and the second gate structure 160B.
[0072] In some example embodiments, a portion of the dummy structure 170, for example, the
shape of the first pattern portion 171d, may be modified to reduce or significantly reduce a
volume difference between third and fourth source/drain regions 150W1 and 150W?2 disposed on
both sides of the second gate structure 160B. For example, as a length L5 of the third
source/drain region 150W1 in the X-direction is formed to be greater than a length L6 of the
fourth source/drain region 150W2 in the X-direction, a volume of the third source/drain region
150W1 may be similar to or substantially the same as that of the fourth source/drain region
150wW2.

[0073] FIG. 6 is a plan view illustrating a semiconductor device according to some example
embodiments.

[0074] Referring to FIG. 6, in a semiconductor device 100e, a connection region 105Te of an
active region 105 may provide (e.g., may include and/or may at least partially define) tapered or
inclined side surfaces TP1 and TP2 by a portion thereof in which a width in the Y-direction
changes in a transition region TS’. For example, the connection region 105Te may have the

first inclined surface TP1 connected from one side of a first active region 105N to one side of a
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second active region 105W, and the second inclined surface TP2 connected from the other side
of the first active region 105N to the other side of the second active region 105W. The dummy
structure 170 may have the same shape as in FIG. 1A and may have a first pattern portion 171e
and a second pattern portion 172, and each of the source/drain regions 150 may have a
symmetrical shape with respect to a centerline in the X-direction. The structure of the active
region 105 of FIG. 5 may be equally applied to other embodiments of the present specification.
[0075] FIG. 7 is a cross-sectional view illustrating a semiconductor device according to some
example embodiments. FIG. 7 illustrates a region corresponding to a cross section taken along
line I-I” in FIG. 1A.

[0076] Referring to FIG. 7, in a semiconductor device 100f, a dummy structure 170’ may
include a dummy gate dielectric layer 173, a dummy gate electrode 175, a dummy gate capping
layer 176, and a spacer pattern 174. The components of the dummy structure 170> may be seen
from the cut surface of a first pattern portion 171°. Although not illustrated, the components
may also be visible in a second pattern portion 172. The dummy structure 170’ may have a
structure similar to that of the gate structure 160, and the dummy gate electrode 175 and the
dummy gate dielectric layer 173 may be disposed to surround at least a portion of a dummy
channel layer 140d. For example, the spacer pattern 174 may cover at least one side surface of
the dummy gate electrode 175, and the dummy gate capping layer 176 may cover an upper
surface of the dummy gate electrode 175. Since the spacer pattern 174 forms an outer sidewall
of the dummy structure 170 and is conformally disposed, the dummy gate electrode 175 may
have a shape in which at least one region is bent in a plane. Restated, at least a portion of the
dummy gate electrode may include a bent portion. The dummy gate electrode 175 may include
the same conductive material as a gate electrode 165.

[0077] The dummy gate electrode 175 of the dummy structure 170’ may not perform a practical
function in the semiconductor device. The dummy structure 170’ may electrically isolate the
source/drain regions 150T and 150W. Transistors of the dummy structure 170’ may be
electrically separated thereby to the left and right thereof. The dummy gate electrode 175 may

be in a floating state. A specific voltage different from the voltage applied to the gate electrode
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165 may be applied to the dummy gate electrode 175. The dummy structures of the previous
embodiments having various pattern shapes in a plane may be formed of the same components as
those of the dummy structure 170’ of FIG. 7.

[0078] FIG. 8 is a cross-sectional view illustrating a semiconductor device according to some
example embodiments. FIG. 8 illustrates a region corresponding to a cross section taken along
line I-I’ of FIG. 1A.

[0079] Referring to FIG. 8, in a semiconductor device 100g, a gate electrode 165 of a gate
structure 160 may include a FinFET surrounding three surfaces of an active region 105, for
example, an upper surface of the active region 105 and side surfaces thereof in the Y-direction.
Unlike in some example embodiments, including the example embodiments shown in FIGS. 1A
to 1C, the semiconductor device 100g may not include a plurality of channel layers, and may
have a structure in which a channel region of the transistor is formed in the active region 105
intersecting the gate electrode 165. A connection region 105T of the active region 105 provides
an inclined surface TP, and the pattern of the dummy structure 170 and the structure of a first
source/drain region 150T and a second source/drain region 150N may be the same as the
description of FIGS. 1A to 1C.

[0080] FIG. 9 is a cross-sectional view illustrating a semiconductor device according to some
example embodiments. FIG. 9 illustrates regions corresponding to cross-sections taken along
lines 1I-11” and HI-11T* in FIG. 1A.

[0081] Referring to FIG. 9, in a semiconductor device 100h, respective shapes of the first active
region 105Na and the first channel layers 140Na, and the second active region 105Wa and the
second channel layers 140Wa, may be different from that illustrated in some example
embodiments, including the example embodiments shown in FIG. 1C. Each of the first channel
layers 140Na and the second channel layers 140Wa may have an elliptical shape in a
cross-section in the Y-direction. A width of the elliptical shape of the first channel layers
140Na in the Y-direction may be less than a width of the elliptical shape of the second channel

layers 140Wa in the Y-direction. In some example embodiments, the width of each of the first
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active region 105Na and the first channel layers 140Na, and the second active region 105Wa and
the second channel layers 140Wa, and the shape thereof accordingly, may be variously changed.

[0082] FIGS. 10A, 10B, 10C, 11A, 11B, 11C, 12, 13, 14A, 14B, and 15 are diagrams
illustrating a process sequence to describe a method of manufacturing a semiconductor device
according to some example embodiments. Some example embodiments of a method of
manufacturing the semiconductor device of FIGS. 1 to 1C will be described with reference to
FIGS. 10A to 13.

[0083] FIG. 10A is a plan view illustrating a semiconductor device according to some example
embodiments. FIGS. 10B and 10C are cross-sectional views illustrating a semiconductor
device according to some example embodiments. FIG. 10B illustrates a cross-section of the
semiconductor device of FIG. 10A taken along line I-I’ shown in FIG. 10A. FIG. 10C
illustrates cross-sections of the semiconductor device of FIG. 10A taken along lines I1-1I’ and
I1I-III” shown in FIG. 10A.

[0084] Referring to FIGS. 10A to 10C, sacrificial layers 118 and channel layers 140 may be
alternately stacked on a substrate 101. Next, portions of a stacked structure of the sacrificial
layers 118 and the channel layers 140 and the substrate 101 may be removed to form an active
structure.

[0085] The sacrificial layers 118 may be replaced by a gate dielectric layer 163 and the gate
electrode 165 as illustrated in FIG. 1B by a subsequent process. The sacrificial layers 118 may
be formed between the substrate 101 and a lower channel layer 140, between the lower channel
layer 140 and an intermediate channel layer 140 (e.g., a channel layer 140 that is between a
lowermost channel layer 140 and an uppermost channel layer in the Z-direction), and between
the intermediate channel layer 140 and an upper channel layer 140 (e.g., uppermost channel layer
140 in the Z-direction). The sacrificial layers 118 may be formed of a material having etch
selectivity with respect to the channel layers 140. The channel layers 140 may include a
material different from that of the sacrificial layers 118. The sacrificial layers 118 and the
channel layers 140 may include a semiconductor material including at least one of, for example,

silicon (Si), silicon germanium (SiGe) and germanium (Ge), and may include materials different
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from each other, and may or may not include impurities. For example, the sacrificial layers 118
may include silicon germanium (SiGe), and the channel layers 140 may include silicon (Si).
[0086] The sacrificial layers 118 and the channel layers 140 may be formed by performing an
epitaxial growth process by using the substrate 101 as a seed. Each of the sacrificial layers 118
and the channel layers 140 may have a thickness in a range of about 1 A to 100 nm. The
number of layers of the channel layers 140 alternately stacked with the sacrificial layer 118 may
be variously changed in some example embodiments.

[0087] The active structure may include the sacrificial layers 118 and the channel layers 140
that are alternately stacked on each other, and may further include an active region 105 formed to
protrude from the upper surface of the substrate 101 by removing a portion of the substrate 101.
The active structure may be formed to have the form of a line extending in one direction, for
example, the X-direction. The active structure may be formed to have a plurality of regions
having different widths in the Y-direction. For example, in a narrow fin region NS, the active
region 105 of the active structure is formed as a first active region 105N having a first width W1,
and the sacrificial layers 118 and the first channel layers 140N, thereon, may also be formed to
have a width similar to or the same as the first width W1. In a wide fin region WS, the active
region 105 of the active structure is formed as a second active region 105W having a second
width W2, and the sacrificial layers 118 and the second channel layers 140W, thereon, may also
be formed to have a width similar to or the same as that of the second width W2. In a transition
region TS, the active region 105 of the active structure is formed as a connection region 105T
having a third width W3, and the sacrificial layers 118 and the channel layers 140 thereon may
also be formed to have a width similar to or the same as the third width W3. The active
structure may be formed to have an inclined side surface TP due to a difference in width in the
Y-direction.

[0088] A device isolation layer 110 may be formed in a region from which the substrate 101 is
partially removed, by filling the region with an insulating material and then recessing the region
to enable the active region 105 to protrude. An upper surface of the device isolation layer 110

may be formed to be lower than an upper surface of the active region 105.

28



[0089] FIG. 11A is a plan view illustrating a semiconductor device according to some example
embodiments. FIGS. 11B and 10C are cross-sectional views illustrating a semiconductor
device according to some example embodiments. FIG. 11B illustrates a cross-section of the
semiconductor device of FIG. 11A taken along line I-I" shown in FIG. 11A. FIG. 10C
illustrates cross-sections of the semiconductor device of FIG. 11A taken along lines I1-1I’ and
I1-1II” shown in FIG. 11A.

[0090] Referring to FIGS. 11A to 11C, sacrificial gate structures 120 may be formed on the
active structure.

[0091] The sacrificial gate structures 120 may be sacrificial structures formed in a region in
which the gate dielectric layer 163 and the gate electrode 165 are disposed, on the channel layers
140, in a subsequent process, as illustrated in FIG. 1B. The sacrificial gate structure 120 may
include sequentially stacked first and second sacrificial gate layers 123 and 125, and a mask
pattern layer 126. The first and second sacrificial gate layers 123 and 125 may be patterned
using the mask pattern layer 126. The first and second sacrificial gate layers 123 and 125 may
be an insulating layer and a conductive layer, respectively, but are not limited thereto, and the
first and second sacrificial gate layers 123 and 125 may be formed as one layer. For example,
the first sacrificial gate layer 123 may include silicon oxide, and the second sacrificial gate layer
125 may include polysilicon. The mask pattern layer 126 may include silicon oxide and/or
silicon nitride. The sacrificial gate structures 120 may have a line shape that intersects the
active structures and extends in one direction. The sacrificial gate structures 120 may extend,
for example, in the Y-direction and may be disposed to be spaced apart from each other in the
X-direction.

[0092] The sacrificial gate structure 120 may further include a gate spacer layer 164 and a
spacer pattern 174 covering side surfaces of the sacrificial stack structure that forms the first and
second sacrificial gate layers 123 and 125 and the mask pattern layer 126. The gate spacer
layers 164 may be formed on both sidewalls of the sacrificial stack structure in the narrow fin
region NS and the wide fin region WS. The spacer patterns 174 may be formed on both

sidewalls of the sacrificial stack structure in the transition region TS. The gate spacer layers
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164 and the spacer patterns 174 may be formed by forming a film having a uniform thickness
along upper and side surfaces of the active structures and the sacrificial stack structure and then
performing anisotropic etching thereon. The gate spacer layers 164 and the spacer patterns 174
may be formed of a low-k material, and may include at least one of, for example, SiO, SiN,
SIiCN, SiOC, SiON, and SiOCN.

[0093] The sacrificial gate structure 120 may include a first sacrificial gate structure 120A
intersecting the first active region 105N, a second sacrificial gate structure 120B intersecting the
second active region 105W, and a third sacrificial gate structure 120T intersecting at least a
portion of the connection region 105T. In the third sacrificial gate structure 120T, a width
MW?1 of a central portion in the X-direction may be greater than a width MW?2 of an edge
portion in the X-direction. The sacrificial gate structure 120 may be formed, for example, by
performing an extreme ultraviolet (EUV) lithography process. Unlike the first and second
sacrificial gate structures 120A and 120B, the third sacrificial gate structure 120T may be formed
to have various shapes. By forming the third sacrificial gate structure 120T to have various
shapes, some example embodiments of the present specification may be provided.

[0094] FIG 12 is a cross-sectional view illustrating a semiconductor device according to some
example embodiments. FIG. 12 illustrates a cross-sectional view corresponding to line I-I’
shown in FIG. 11A.

[0095] Referring to FIG. 12, the channel layers 140 may be formed by removing the exposed
sacrificial layers 118 and channel layers 140 between the sacrificial gate structures 120 to form a
recess RS, and inner spacer layers 130 may be formed.

[0096] First, the exposed sacrificial layers 118 and channel layers 140 may be partially removed
by using the sacrificial gate structures 120 as masks. Accordingly, the channel layers 140 have
a limited length in the X-direction and form the channel layers 140 of FIG. 1B. In another
example, below the sacrificial gate structures 120, the sacrificial layers 118 and the channel
layers 140 are partially removed from side surfaces in such a manner that both sides in the

X-direction are located below the sacrificial gate structures 120.
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[0097] Next, the sacrificial layers 118 exposed by the recess RS may be partially removed from
the side surface, and the inner spacer layers 130 may be formed in the region from which the
sacrificial layers 118 have been removed. The sacrificial layers 118 may be selectively etched
with respect to the channel layers 140 by, for example, an etching process, and partially removed
from the side surface in the X-direction. The sacrificial layers 118 may have inwardly concave
side surfaces by side etching as described above. However, the shape of the side surface of the
sacrificial layers 118 is not limited to that illustrated. The inner spacer layers 130 may be
formed by filling an insulating material in a region from which the sacrificial layers 118 are
partially removed and removing the insulating material deposited on the outer side of the channel
layers 140. The inner spacer layers 130 may be formed of the same material as the gate spacer
layers 164, but the configuration is not limited thereto. For example, the inner spacer layers
130 may include at least one of SiN, SiCN, SiOCN, SiBCN, and SiBN. However, in some
embodiments, the process of forming the inner spacer layers 130 may be omitted.

[0098] FIG 13 is a cross-sectional view illustrating a semiconductor device according to some
example embodiments. FIG. 13 illustrates a cross-sectional view corresponding to line I-I’
shown in FIG. 11A.

[0099] Referring to FIG. 13, source/drain regions 150 may be formed on the active region 105,
on both sides of the sacrificial gate structures 120.

[00100] The source/drain regions 150 may be formed by performing an epitaxial growth
process in the recess RS. The source/drain regions 150 may be connected to the plurality of
channel layers 140 through side surfaces. The upper surfaces of the source/drain regions 150
may be disposed on substantially the same level as the upper surface of the upper channel layer
140 (e.g., uppermost channel layer 140 in the Z-direction), but the configuration is not limited
thereto, and may be disposed on a higher level. The source/drain regions 150 may include
impurities by in-situ doping, and may also include a plurality of layers having different doping
elements and/or doping concentrations. The first source/drain region 150T may be formed to
have a length L1 greater than a length L2 of the second source/drain region 150N. By forming

the shape of the third sacrificial gate structure 120T as illustrated in FIG. 11A, a volume
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reduction may be induced during epitaxial growth of the first source/drain region 150T.
Accordingly, the first source/drain region 150T may be formed to have a volume similar to or
substantially the same as that of the second source/drain region 150N.

[00101] FIGS. 14A and 14B are cross-sectional views illustrating a semiconductor device
according to some example embodiments. FIG. 14A illustrates a cross-sectional view
corresponding to line I-I’ shown in FIG. 11A. FIG. 14B illustrates cross-sectional views
corresponding to lines 11-11” and ITI-1II” shown in FIG. 11A.

[00102] Referring to FIGS. 14A and 14B, an interlayer insulating layer 190 may be formed on
the source/drain regions 150, and the first and second sacrificial gate layers 123 and 125, the
mask pattern layer 126, and the sacrificial layers 118 may be removed.

[00103] The interlayer insulating layer 190 may be partially formed by forming an insulating
layer covering the sacrificial gate structures 120 and the source/drain regions 150, and
performing a planarization process to expose the upper surface of the mask pattern layer 126.
[00104] The first and second sacrificial gate layers 123 and 125, the mask pattern layer 126,
and the sacrificial layers 118 may be selectively removed with respect to gate spacer layers 164,
spacer patterns 174, the interlayer insulating layer 190, and the channel layers 140. First, upper
gap regions UR are formed by removing the first and second sacrificial gate layers 123 and 125
and the mask pattern layer 126, and then, the sacrificial layers 118 exposed through the upper
gap regions UR may be removed, thereby forming lower gap regions LR.

[00105] FIG 15 is a cross-sectional view illustrating a semiconductor device according to
some example embodiments. FIG. 15 illustrates a cross-sectional view corresponding to line
I-I’ shown in FIG. 11A.

[00106] Referring to FIG. 15, a gate dielectric layer 163 and the gate electrode 165 may be
formed in the upper gap regions UR and the lower gap regions LR.

[00107] The gate dielectric layers 163 may be formed to conformally cover inner surfaces of
the upper gap regions UR and the lower gap regions LR. After the gate electrodes 165 may be
formed to completely fill the upper gap regions UR and the lower gap regions LR, the gate

electrodes 165 may be removed from the upper portion of the upper gap regions UR to a
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particular (or, alternatively, predetermined) depth. A gate capping layer 166 may be formed in
the region in which the gate electrodes 165 have been removed from the upper gap regions UR.
Accordingly, gate structures 160 including the gate dielectric layer 163, the gate electrode 165,
the gate spacer layers 164, and the gate capping layer 166 may be formed. Thereafter, the
interlayer insulating layer 190 may be additionally formed.

[00108] In this operation, the dummy structure 170’ may be formed with the dummy gate
dielectric layer 173, the dummy gate electrode 175, the dummy gate capping layer 176 and the
spacer pattern 174 as illustrated in FIG. 7 by performing process operations preceding the third
sacrificial gate structure 120T. Alternatively, in a manner different therefrom, in this operation,
after the dummy structure 170" is formed, as illustrated in FIG. 13, a trench T may be formed by
Removing a portion of the channel layer 140 and a portion of the active region 105 together with
the dummy gate dielectric layer 173, the dummy gate electrode 175, and the dummy gate
capping layer 176 of the dummy structure 170". A spacer pattern 174, inner spacer layers 130d,
and dummy channel layers 140d may remain around the trench T. When the trench T is
formed, the spacer pattern 174, the inner spacer layers 130d and the dummy channel layers 140d
may be removed.

[00109] Next, the insulating isolation pattern 178 filling the trench T may be formed to form
the dummy structure 170, and a contact structure 180 may be formed, thereby manufacturing the
semiconductor device 100a of FIGS. 1A to 1C.

[00110] As set forth above, by modifying the shape of the dummy structure, a difference in
volume between source/drain regions around a region in which the width of the active region
changes may be significantly reduced, thereby providing a semiconductor device having
improved electrical characteristics and reliability.

[00111] While some example embodiments have been illustrated and described above, it will
be apparent to those skilled in the art that modifications and variations could be made without

departing from the scope of the present inventive concepts as defined by the appended claims.
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CLAIMS

1. A semiconductor device, comprising:

a first active region extending in a first direction and having a first width in a second
direction, the second direction being perpendicular to the first direction;

a second active region extending in the first direction and having a second width in the
second direction, the second width being greater than the first width;

a connection region connected to both of the first active region and the second active
region, the connection region having a third width in the second direction, the third width being
greater than the first width and less than the second width;

a first gate structure intersecting the first active region and extending in the second
direction;

a second gate structure intersecting the second active region and extending in the second
direction;

a dummy structure intersecting at least a portion of the connection region, the dummy
structure extending in the second direction, the dummy structure being between the first and
second gate structures in the first direction; and

source/drain regions on the first active region, the second active region, and the
connection region, the source/drain regions being on at least one side of each of the first and
second gate structures and at least one side of the dummy structure,

wherein the dummy structure includes

a first pattern portion isolated from direct contact with a side surface of the first
gate structure by a first distance in the first direction, and

a second pattern portion isolated from direct contact with the side surface of the
first gate structure by a second distance in the first direction, the second distance being

greater than the first distance.
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2. The semiconductor device of claim 1, wherein the first pattern portion is closer to the

first gate structure than the second pattern portion in the first direction.

3. The semiconductor device of claim 1 or claim 2, wherein
the first pattern portion has a first maximum width in the first direction,
the second pattern portion has a second maximum width in the first direction, and

the first maximum width is greater than the second maximum width.

4. The semiconductor device of claim 3, wherein the first maximum width of the first
pattern portion is greater than both a maximum width of the first gate structure in the first

direction and a maximum width of the second gate structure in the first direction.

5. The semiconductor device of claim 3 or claim 4, wherein the dummy structure further
includes a bent portion based on a difference in width in the first direction between the first

maximum width and the second maximum width.

6. The semiconductor device of any one of claims 1 to 5, wherein the connection region
includes a particular portion that at least partially defines a side surface of the connection region
that is inclined based on a variation, in the first direction, of a width of the portion of the

connection region in the second direction.

7. The semiconductor device of any one of claims 1 to 6, wherein the dummy structure is

asymmetrical with respect to a centerline in the second direction of the second pattern portion.

8. The semiconductor device of any one of claims 1 to 7, wherein
the first gate structure includes a first portion overlapping the first pattern portion in the
first direction and a second portion overlapping the second pattern portion in the first direction,

and
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a side surface of the first portion and a side surface of the second portion extend in

parallel with each other.

9. The semiconductor device of any one of claims 1 to 8, further comprising:

a plurality of first channel layers on the first active region, the plurality of first channel
layers being vertically spaced apart from each other, the plurality of first channel layers being at
least partially surrounded by the first gate structure; and

a plurality of second channel layers on the second active region, the plurality of second
channel layers being vertically spaced apart from each other, the plurality of second channel
layers being at least partially surrounded by the second gate structure,

wherein a width of each of the plurality of first channel layers in the second direction is

less than a width of each of the plurality of second channel layers in the second direction.

10. The semiconductor device of any one of claims 1 to 9, wherein

the dummy structure includes an insulating isolation pattern and a spacer pattern covering
at least one side of the insulating isolation pattern, and

a lower end of the insulating isolation pattern is at a lower level than an upper end of

each of the first and second active regions and the connection region.

11. The semiconductor device of claim 10, further comprising:

a device isolation layer extending in the second direction and covering a lower portion of
side surfaces of each of the first active region, the second active region, and the connection
region, and

wherein the lower end of the insulating isolation pattern is at a different level than a

level of a lower end of the device isolation layer.

12. A semiconductor device comprising:

an active region extending in a first direction on a substrate, the active region including

36



a first active region having a first width in a second direction, the second
direction being perpendicular to the first direction,

a second active region having a second width in the second direction, the second
width being greater than the first width, and

a connection region between the first active region and the second active region,
the connection region having an inclined surface at least partially defined by a difference
between the first width and the second width;
a gate structure intersecting the first active region and extending in the second direction;

a dummy structure intersecting the connection region, the dummy structure extending in

the second direction, the dummy structure being adjacent to the gate structure;

a first source/drain region on the connection region, the first source/drain region between

a first side of the gate structure and a first side of the dummy structure; and

a second source/drain region on the first active region, the second source/drain region on

a second side of the gate structure opposing the first side,

13.

wherein the first source/drain region has a first length in the first direction,
wherein the second source/drain region has a second length in the first direction, and

wherein the first length is less than the second length.

The semiconductor device of claim 12, wherein a maximum width of the first

source/drain region in the second direction is greater than a maximum width of the second

source/drain region in the second direction.

14.

The semiconductor device of claim 12 or claim 13, wherein
the first source/drain region is asymmetrical with respect to a centerline, and

the centerline extends in the second direction, between opposite ends of the first

source/drain region facing each other in the first direction.
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15. The semiconductor device of any one of claims 12 to 14, wherein a width of the
connection region in the second direction continuously decreases from the second active region

toward the first active region.

16. The semiconductor device of any one of claims 12 to 15, wherein the first side of the
dummy structure includes

a first surface that is in contact with the first source/drain region,

a second surface that is bent from the first surface, and

a third surface that is bent from the second surface, the third surface extending in the

second direction.

17. The semiconductor device of claim 16, wherein in the first direction, a first distance
between the first surface of the dummy structure and the first side of the gate structure is less
than a second distance between the third surface of the dummy structure and the first side of the

gate structure.

18. A semiconductor device, comprising:
an active region extending in a first direction on a substrate, the active region including
a first active region having a first width in a second direction, the second
direction being perpendicular to the first direction,
a second active region having a second width in the second direction, the second
width being greater than the first width, and
a connection region between the first active region and the second active region,
the connection region having an inclined surface at least partially defined by a difference
between the first width and the second width;
a first gate structure intersecting the first active region and extending in the second

direction;
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a plurality of first channel layers on the first active region, the plurality of first channel
layers being vertically spaced apart from each other, the plurality of first channel layers being at
least partially surrounded by the first gate structure;

a second gate structure intersecting the second active region and extending in the second
direction;

a plurality of second channel layers on the second active region, the plurality of second
channel layers being vertically spaced apart from each other, the plurality of second channel
layers being at least partially surrounded by the second gate structure; and

a dummy structure intersecting the connection region, the dummy structure extending in
the second direction, the dummy structure being between the first and second gate structures in
the first direction,

wherein the dummy structure includes

a first pattern portion isolated from direct contact with a side surface of the first
gate structure by a first distance in the first direction, and

a second pattern portion isolated from direct contact with the side surface of the
first gate structure by a second distance in the first direction, the second distance being

greater than the first distance.

19. The semiconductor device of claim 18, wherein the connection region includes a portion
that at least partially defines an inclined side surface of the connection region that is inclined
based on a variation, in the first direction, of a width of the portion of the connection region in

the second direction.

20. The semiconductor device of claim 19, wherein
the first pattern portion is closer to the first gate structure than the second pattern portion
in the first direction, and

the first pattern portion at least partially overlaps the inclined side surface.
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