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CELLS INCLUDING AT LEAST ONE FIN
FIELD EFFECT TRANSISTOR AND
SEMICONDUCTOR INTEGRATED CIRCUITS
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This is a continuation of U.S. application Ser. No.
14/042,900, filed on Oct. 1, 2013, which claims priority to
Korean Patent Application No. 10-2012-0112089, filed on
Oct. 9, 2012, and to Korean Patent Application No. 10-2012-
0126164, filed on Nov. 8, 2012, in the Korean Intellectual
Property Office (KIPO), the entire contents of each of which
is incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] Some example embodiments may relate to semi-
conductor integrated circuits. Some example embodiments
may relate to cells including a fin field effect transistor
and/or semiconductor integrated circuits including the same.
[0004] 2. Description of Related Art

[0005] A fin transistor such as a fin field-effect transistor
(FET) or a fin type transistor is a three-dimensional (3D)
transistor having a fin structure protruding from a substrate.
Since the fin transistor may use an entire surface of the fin
structure as a channel region, a sufficient channel length may
be ensured. Accordingly, a short channel effect may be
prevented or minimized, and thus problems of leakage
current and a small area caused due to the short channel
effect in a conventional planar transistor may be reduced or
solved.

SUMMARY

[0006] Some example embodiments may provide semi-
conductor integrated circuits capable of improving integra-
tion by reducing a size of a cell included in a fin field effect
transistor.

[0007] Some example embodiments may provide cell cir-
cuits capable of improving integration by reducing a size of
a cell included in a fin field effect transistor.

[0008] Some example embodiments may provide semi-
conductor integrated circuits including active fins having
fixed pitches irrespective of a change in a height of a cell.
[0009] Some example embodiments may provide fin field
effect transistors including active fins having fixed pitches
irrespective of a change in a height of a cell.

[0010] In some example embodiments, a semiconductor
integrated circuit (IC) may comprise at least one cell com-
prising at least one fin field-effect transistor (FET). The at
least one cell may comprise a plurality of fins that extend in
a first direction and are arranged in parallel to each other in
a second direction that is perpendicular to the first direction.
A size of the at least one cell in the second direction may
correspond to a number and a pitch of the plurality of fins.
[0011] In some example embodiments, the plurality of fins
may comprise a plurality of active fins and/or a plurality of
dummy fins.

[0012] Insome example embodiments, the plurality of fins
may comprise a plurality of active fins adjacent to each
other; and/or a plurality of dummy fins adjacent to each
other.

May 4, 2017

[0013] Insome example embodiments, the at least one cell
may further comprise a plurality of metal lines extending in
the first direction and arranged in parallel to each other in the
second direction.

[0014] In some example embodiments, the plurality of
metal lines may comprise two power lines arranged at both
ends of the at least one cell in the second direction; and/or
a plurality of wires disposed between the two power lines.
[0015] In some example embodiments, the plurality of
metal lines may have a same width.

[0016] In some example embodiments, the plurality of
wires may have a same width.

[0017] In some example embodiments, a width of each of
the two power lines may be greater than a width of each of
the plurality of wires.

[0018] In some example embodiments, a semiconductor
integrated circuit (IC) may comprise at least one cell com-
prising at least one fin field-effect transistor (FET). The at
least one cell may further comprise a first region comprising
a plurality of active fins arranged in parallel to each other in
a first direction; and/or a second region comprising a plu-
rality of dummy fins arranged in parallel to the plurality of
active fins.

[0019] In some example embodiments, the first region
may include no dummy fins.

[0020] In some example embodiments, the second region
may include no active fins.

[0021] In some example embodiments, the second region
may further comprise a power region in which a power line
configured to supply power to the plurality of active fins is
disposed; and/or at least one middle region in which input
and output terminals with respect to the at least one cell are
disposed.

[0022] In some example embodiments, the second pitch
may be greater than or equal to the first pitch.

[0023] In some example embodiments, the plurality of
active fins and the plurality of dummy fins may have a same
width.

[0024] In some example embodiments, the first region
may include no dummy fins and/or the second region may
include no active fins.

[0025] In some example embodiments, the first region
may further comprise a first active region and/or a second
active region. The second region may further comprise a first
dummy region disposed between a first cell boundary of the
at least one cell and the first active region; a second dummy
region disposed between the first active region and the
second active region; and/or a third dummy region disposed
between a second cell boundary of the at least one cell and
the second active region.

[0026] In some example embodiments, a semiconductor
integrated circuit (IC) may comprise at least one cell com-
prising at least one fin field-effect transistor (FET); a first
region; and/or a second region that does not overlap the first
region. The first region may comprise at least two active fins
arranged in parallel to each other with a first pitch. The
second region may comprise at least two dummy fins
arranged in parallel to each other with a second pitch.
[0027] In some example embodiments, the second pitch
may be greater than or equal to the first pitch.

[0028] In some example embodiments, the first region
may include no dummy fins and/or the second region may
include no active fins.
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[0029] In some example embodiments, two or more of the
at least two active fins may be arranged consecutively in a
direction that is perpendicular to the arrangement direction
of the at least two active fins, wherein two or more of the at
least two dummy fins may be arranged consecutively in a
direction that is perpendicular to the arrangement direction
of the at least two dummy fins, or wherein two or more of
the at least two active fins may be arranged consecutively in
the direction that is perpendicular to the arrangement direc-
tion of the at least two active fins, and two or more of the at
least two dummy fins may be arranged consecutively in the
direction that is perpendicular to the arrangement direction
of the at least two dummy fins.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and/or other aspects and advantages will
become more apparent and more readily appreciated from
the following detailed description of example embodiments,
taken in conjunction with the accompanying drawings, in
which:

[0031] FIG. 1 is a layout of a semiconductor integrated
circuit (IC) according to some example embodiments of the
inventive concepts;

[0032] FIG. 2 is a perspective view of a semiconductor
device with the layout of FIG. 1, according to some example
embodiments of the inventive concepts;

[0033] FIG. 3 is a cross-sectional view taken along line
II-IT' of FIG. 2;
[0034] FIG. 4 is a perspective view of a semiconductor

device with the layout of FIG. 1, according to some example
embodiments of the inventive concepts;

[0035] FIG. 5 is a cross-sectional view taken along line
IV-IV' of FIG. 4;

[0036] FIG. 6 is a layout of a semiconductor IC on which
8 metal lines are disposed, according to some example
embodiments of the inventive concepts;

[0037] FIG. 7 is a layout of a semiconductor IC on which
8 metal lines are disposed, according to some example
embodiments of the inventive concepts;

[0038] FIG. 8 is a layout of a semiconductor IC including
two adjacent cells including a cell of FIG. 7, according to
some example embodiments of the inventive concepts;
[0039] FIG. 9 is a layout of a semiconductor IC on which
9 metal lines are disposed, according to a comparison
example;

[0040] FIG. 10 is a layout of a semiconductor IC on which
9 metal lines are disposed, according to some example
embodiments of the inventive concepts;

[0041] FIG. 11 is a layout of a semiconductor IC including
two adjacent cells including a cell of FIG. 10, according to
some example embodiments of the inventive concepts;
[0042] FIG. 12 is a layout of a semiconductor IC on which
11 metal lines are disposed, according to a comparison
example;

[0043] FIG. 13 is a layout of a semiconductor IC on which
11 metal lines are disposed, according to some example
embodiments of the inventive concepts;

[0044] FIG. 14 is a layout of a semiconductor IC including
two adjacent cells including a cell of FIG. 13, according to
some example embodiments of the inventive concepts;
[0045] FIG. 15 is a layout of a semiconductor IC accord-
ing to some example embodiments of the inventive con-
cepts;
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[0046] FIG. 16 is a perspective view of a semiconductor
device with the layout of FIG. 15, according to some
example embodiments of the inventive concepts;

[0047] FIG. 17 is a cross-sectional view taken along line
XVI-XVT' of FIG. 16;

[0048] FIG. 18 is a perspective view of a semiconductor
device with the layout of FIG. 15, according to some
example embodiments of the inventive concepts;

[0049] FIG. 19 is a cross-sectional view taken along line
XVIII-XVIIT' of FIG. 18;

[0050] FIG. 20 is a layout of a semiconductor IC accord-
ing to some example embodiments of the inventive con-
cepts;

[0051] FIG. 21 is a perspective view of a semiconductor
device with the layout of FIG. 20, according to some
example embodiments of the inventive concepts;

[0052] FIG. 22 is a cross-sectional view taken along line
XXI-XXT' of FIG. 21;

[0053] FIG. 23 is a perspective view of a semiconductor
device with the layout of FIG. 20, according to some
example embodiments of the inventive concepts;

[0054] FIG. 24 is a cross-sectional view taken along line
XXTI-XXXIII' of FIG. 23;

[0055] FIG. 25 is a layout of an upper layer of the
semiconductor IC of FIG. 20 according to some example
embodiments of the inventive concepts;

[0056] FIG. 26 is a layout of a semiconductor IC including
the upper layer of FIG. 25 according to some example
embodiments of the inventive concepts;

[0057] FIG. 27 is a layout of a semiconductor IC including
the upper layer of FIG. 25 according to some example
embodiments of the inventive concepts;

[0058] FIG. 28 is a layout of an upper layer of the
semiconductor IC according to some example embodiments
of the inventive concepts;

[0059] FIG. 29 is a layout of a semiconductor IC including
the upper layer of FIG. 28 according to some example
embodiments of the inventive concepts;

[0060] FIG. 30 is a layout of a semiconductor IC including
the upper layer of FIG. 28, according to a comparison
example;

[0061] FIG. 31 is a layout of an upper layer of the
semiconductor IC according to some example embodiments
of the inventive concepts;

[0062] FIG. 32 is a layout of a semiconductor IC including
the upper layer of FIG. 31 according to some example
embodiments of the inventive concepts;

[0063] FIG. 33 is a layout of a semiconductor IC including
the upper layer of FIG. 31, according to a comparison
example;

[0064] FIG. 34 is a layout of an upper layer of the
semiconductor IC according to some example embodiments
of the inventive concepts;

[0065] FIG. 35 is a layout of a semiconductor IC including
the upper layer of FIG. 34 according to some example
embodiments of the inventive concepts;

[0066] FIG. 36 is a layout of a semiconductor IC including
the upper layer of FIG. 34, according to a comparison
example;

[0067] FIG. 37 is a layout of a semiconductor IC including
a power region according to some example embodiments of
the inventive concepts;
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[0068] FIG. 38 is a layout of a semiconductor IC including
a middle region according to some example embodiments of
the inventive concepts;

[0069] FIG. 39 is a schematic diagram of a memory card
including a semiconductor IC according to some example
embodiments of the inventive concepts; and

[0070] FIG. 40 is a schematic diagram of a computing
system including a semiconductor IC according to some
example embodiments of the inventive concepts.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0071] Example embodiments will now be described more
fully with reference to the accompanying drawings.
Embodiments, however, may be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these example
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope to
those skilled in the art. In the drawings, the thicknesses of
layers and regions may be exaggerated for clarity.

[0072] It will be understood that when an element is
referred to as being “on,” “connected to,” “electrically
connected to,” or “coupled to” to another component, it may
be directly on, connected to, electrically connected to, or
coupled to the other component or intervening components
may be present. In contrast, when a component is referred to
as being “directly on,” “directly connected to,” “directly
electrically connected to,” or “directly coupled to” another
component, there are no intervening components present. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
[0073] It will be understood that although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers, and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer,
and/or section from another element, component, region,
layer, and/or section. For example, a first element, compo-
nent, region, layer, and/or section could be termed a second
element, component, region, layer, and/or section without
departing from the teachings of example embodiments.
[0074] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like may be
used herein for ease of description to describe the relation-
ship of one component and/or feature to another component
and/or feature, or other component(s) and/or feature(s), as
illustrated in the drawings. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures.

[0075] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of example embodiments. As used
herein, the singular forms “a,” “an,” and “the” are intended
to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “‘comprises,” “comprising,” “includes,” and/or
“including,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

2 <
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[0076] Example embodiments may be described herein
with reference to cross-sectional illustrations that are sche-
matic illustrations of idealized example embodiments (and
intermediate structures). As such, variations from the shapes
of'the illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments should not be construed as limited to
the particular shapes of regions illustrated herein but are to
include deviations in shapes that result, for example, from
manufacturing. For example, an implanted region illustrated
as a rectangle will typically have rounded or curved features
and/or a gradient of implant concentration at its edges rather
than a binary change from implanted to non-implanted
region. Likewise, a buried region formed by implantation
may result in some implantation in the region between the
buried region and the surface through which the implanta-
tion takes place. Thus, the regions illustrated in the figures
are schematic in nature, their shapes are not intended to
illustrate the actual shape of a region of a device, and their
shapes are not intended to limit the scope of the example
embodiments.

[0077] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments belong. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and should not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0078] Reference will now be made to example embodi-
ments, which are illustrated in the accompanying drawings,
wherein like reference numerals may refer to like compo-
nents throughout.

[0079] FIG. 1 is a layout of a semiconductor integrated
circuit (IC) 100 according to some example embodiments of
the inventive concepts.

[0080] Referring to FIG. 1, the semiconductor IC 100 may
include at least one cell CELL limited by a cell boundary
indicated in a bold solid line. The cell CELL may include a
plurality of fins including a plurality of active fins 110 and
a plurality of dummy fins 120, a plurality of gate electrodes
130, a plurality of source and drain contacts 140, two input
terminals 150, two input contacts 155, an output terminal
160, and two power lines VDD and VSS. Although not
shown, a plurality of conductive lines, for example, metal
lines, may be further disposed above the cell CELL.
[0081] As known to a person having ordinary skill in the
art (PHOSITA), active fins 110 provide electrical connection
between source and drain contacts 140 to support transistor
functionality via gate electrodes 130. As also known to a
PHOSITA, dummy fins 120 do not provide electrical con-
nection between source and drain contacts 140 to support
transistor functionality via gate electrodes 130.

[0082] Insome example embodiments, the cell CELL may
be a standard cell. Such a standard cell based layout design
method may reduce a time taken to design a layout by
previously designing a device such as an OR gate or an AND
gate that is repeatedly used as the standard cell, storing the
standard cell in a computer system, and placing and wiring
the standard cell at a necessary location during the layout
design.

[0083] The plurality of active fins 110 may include first
through fourth active fins 111 through 114. However, the
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number of the plurality of active fins 110 included in the at
least one cell CELL is not limited to 4, and may be modified
in various ways. In some example embodiments of the
inventive concepts, the number of the plurality of active fins
110 included in the at least one cell CELL may be greater
than 4. In some example embodiments of the inventive
concepts, the number of the plurality of active fins 110
included in the at least one cell CELL may be smaller than
4.

[0084] Among the first through fourth active fins 111
through 114, the active fins arranged adjacent to each other
may constitute a fin field effect transistor (fin FET). A
channel width of the fin FET may be increased in propor-
tional to the number of active fins constituting the fin FET,
and thus, a current amount flowing through the fin FET may
be increased. The channel width of the fin FET will be
described later in greater detail with respect to FIGS. 2
through 5.

[0085] The plurality of dummy fins 120 may include first
through fourth dummy fins 121 through 124. However, the
number of the plurality of dummy fins 120 included in the
at least one cell CELL is not limited to 4, and may be
modified in various ways. In some example embodiments of
the inventive concepts, the number of the plurality of
dummy fins 120 included in the at least one cell CELL may
be greater than 4. In some example embodiments of the
inventive concepts, the number of the plurality of dummy
fins 120 included in the at least one cell CELL may be
smaller than 4.

[0086] The first and second active fins 111 and 112 and the
first and second dummy fins 121 and 122 may be disposed
in a first limit layer DL.1. The third and fourth active fins 113
and 114 and the third and fourth dummy fins 123 and 124
may be disposed in a second limit layer DL2. In some
example embodiments, the first limit layer DL.1 may be a p+
impurity doped p-channel metal-oxide-semiconductor
(PMOS) limit layer, and the second limit layer DL.2 may be
an n+ impurity doped PMOS limit layer. The first and second
active fins 111 and 112 disposed in the first limit layer DL.1
may constitute a PMOS fin FET. The third and fourth active
fins 113 and 114 disposed in the second limit layer DL.2 may
be an n-channel metal-oxide-semiconductor (NMOS) fin
FET.

[0087] More specially, two gate electrodes 130 and three
source and drain contacts 140 are disposed above the first
and second active fins 111 and 112, and thus the first and
second active fins 111 and 112 may constitute two PMOS fin
FETs that are connected to each other in parallel. The two
gate electrodes 130 and two source and drain contacts 140
are disposed above the third and fourth active fins 113 and
114, and thus the third and fourth active fins 113 and 114
may constitute two NMOS fin FETs that are connected to
each other in series.

[0088] In some example embodiments, the first through
fourth active fins 111 through 114 and the first through fourth
dummy fins 121 through 124 may extend in a first direction
(for example, an X direction) and may be arranged in a
second direction (for example, a Y direction) in parallel to
each other. In this regard, the second direction may be
substantially perpendicular to the first direction.

[0089] In a width W1 of each of the first through fourth
active fins 111 through 114, a space S1 between two adjacent
active fins among the first through fourth active fins 111
through 114, and a pitch P1 of the first through fourth active
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fins 111 through 114, P1=W1+S1. In some example embodi-
ments, the width W1, the space S1, and the pitch P1 may
have constant values irrespective of the number of the active
fins 110 included in the cell CELL or the number of the
active fins 110 and the dummy fins 120.

[0090] In a width W2 of each of the first through fourth
dummy fins 121 through 124, a space S2 between two
adjacent dummy fins among the first through fourth dummy
fins 121 through 124, and a pitch P2 of the first through
fourth dummy fins 121 through 124, P2=W2+S2. In some
example embodiments, the width W2, the space S2, and the
pitch P2 may have constant values irrespective of the
number of the active fins 110 included in the cell CELL or
the number of the active fins 110 and the dummy fins 120.
[0091] In some example embodiments, the width W1 of
each of the first through fourth active fins 111 through 114
may be substantially the same as the width W2 of each of the
first through fourth dummy fins 121 through 124. Also, the
space S1 between two adjacent active fins among the first
through fourth active fins 111 through 114 may be substan-
tially the same as the space S2 between two adjacent dummy
fins among the first through fourth dummy fins 121 through
124. Therefore, the pitch P1 of the first through fourth active
fins 111 through 114 may be substantially the same as the
pitch P2 of the first through fourth dummy fins 121 through
124. Thus, both the pitch P1 of the first through fourth active
fins 111 through 114 and the pitch P2 of the first through
fourth dummy fins 121 through 124 is referred to as P below.
[0092] A size of the cell CELL in the second direction (for
example, the Y direction) is denoted by H. The size of the
cell CELL in the second direction is referred to as a “height”
below. If the number of the plurality of active fins 110 and
dummy fins 120 included in the cell CELL is N, the height
H of' the cell CELL may correspond to the number N and the
pitch P of the plurality of active fins 110 and dummy fins
120. More specifically, the height H of the cell CELL may
be expressed as a multiplication of the number N and the
pitch P of the plurality of active fins 110 and dummy fins 120
(i.e. H=N*P).

[0093] In some example embodiments, the number of the
active fins 110 is 4, and the number of the dummy fins 120
is 4, and thus the number N of the plurality of active fins 110
and dummy fins 120 is 8. In this regard, the height H of the
cell CELL may be expressed as 8*P that is the multiplication
of the number N (i.e. 8) and the pitch P of the plurality of
active fins 110 and dummy fins 120 (i.e. H=8*P).

[0094] As described above, according to some example
embodiments, the pitch P of the plurality of active fins 110
and dummy fins 120 has a constant value irrespective of the
number N of the plurality of active fins 110 and dummy fins
120 included in the cell CELL, and the height H of the cell
CELL corresponds to the number N and the pitch P of the
plurality of active fins 110 and dummy fins 120. Therefore,
the pitch P of the plurality of active fins 110 and dummy fins
120 may be constantly applied to cells having different
libraries, thereby facilitating a design of the semiconductor
IC 100. Furthermore, the plurality of active fins 110 and
dummy fins 120 having the constant pitch P may be manu-
factured for the cells having different libraries, thereby
simplifying a process of the semiconductor IC 100.

[0095] Further, according to some example embodiments,
the height H of the cell CELL may correspond to the number
N and the pitch P of the plurality of active fins 110 and
dummy fins 120 included in the cell CELL. In this regard,
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the height H of the cell CELL is relatively lower than the
height H of the cell CELL corresponding to the number and
pitch of the metal lines disposed above the cell CELL. As
described above, integration of the semiconductor IC 100
may be further enhanced by reducing the height H of the cell
CELL.

[0096] FIG. 2 is a perspective view of a semiconductor
device 100a with the layout of FIG. 1, according to some
example embodiments of the inventive concepts.

[0097] FIG. 3 is a cross-sectional view taken along line
II-IT' of FIG. 2.
[0098] Referring to FIGS. 2 and 3, the semiconductor

device 100a may be a bulk type fin FET. The semiconductor
device 100a may include a substrate 102, a first insulating
layer 104, a second insulating layer 106, first and second
active fins 111 and 112, second and third dummy fins 122
and 123, and a gate electrode 130.

[0099] The substrate 102 may be a semiconductor sub-
strate. For example, the substrate 102 may include one of
silicon, silicon-on-insulator (SOI), silicon-on-sapphire
(SOS), germanium, silicon-germanium, and gallium-ar-
senide.

[0100] The first and second active fins 111 and 112 and the
second and third dummy fins 122 and 123 may be arranged
to be connected to the substrate 102. In some example
embodiments, protruding portions of the first and second
active fins 111 and 112 that are perpendicular with respect to
the substrate 102 may be n+ or p+ doped active regions, and
protruding portions of the second and third dummy fins 122
and 123 that are perpendicular with respect to the substrate
102 may be undoped regions. In some example embodi-
ments, the first and second active fins 111 and 112 and the
second and third dummy fins 122 and 123 may all be n+ or
p+ doped active regions.

[0101] The first and second active fins 111 and 112 may
each have a width W1 and a height Hfinl, and thus, may
each have a channel width (or an effective channel width) of
(2*Hfin1+W1). The height Hfin1 indicates a height from an
upper surface of the second insulating layer 106 to an upper
surface of each of the first and second active fins 111 and
112. When an M number of active fins constitute one fin
FET, the fin FET may have a channel width (or an effective
channel width) of (2*Hfin1+W1)*M. In some example
embodiments, the first and second active fins 111 and 112
constitute one fin FET, and thus the fin FET may have a
channel width (or an effective channel width) of (2*Hfin1+
W1)*2.

[0102] The first and second insulating layers 104 and 106
may include an insulating material, for example, which may
include one of an oxide layer, a nitride layer, and an
oxynitride layer. The first insulating layer 104 may be
disposed on the first and second active fins 111 and 112 and
the second and third dummy fins 122 and 123. The first
insulating layer 104 may be disposed between the first and
second active fins 111 and 112, and the gate electrode 130,
and thus, may serve as a gate insulating layer. The second
insulating layer 106 may be disposed in a space between the
first and second active fins 111 and 112 and the second and
third dummy fins 122 and 123 to have a desired height (that
may or may not be predetermined). The second insulating
layer 106 may be disposed among the first and second active
fins 111 and 112 and the second and third dummy fins 122
and 123, and thus, may be used as a device isolation layer.
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[0103] The gate electrode 130 may be arranged on the first
and second insulating layers 104 and 106 to have a structure
surrounding the first and second active fins 111 and 112, the
second and third dummy fins 122 and 123, and the second
insulating layer 106, i.e., a structure including the first and
second active fins 111 and 112 and the second and third
dummy fins 122 and 123 in the gate electrode 130. The gate
electrode 130 may include at least one of a metallic material
such as tungsten (W) and tantalum (Ta), a nitride thereof, a
silicide thereof, and a doped polysilicon, and may be formed
using a deposition process.

[0104] FIG. 4 is a perspective view of a semiconductor
device 1006 with the layout of FIG. 1, according to some
example embodiments of the inventive concepts.

[0105] FIG. 5 is a cross-sectional view taken along line
IV-IV' of FIG. 4.

[0106] Referring to FIGS. 4 and 5, the semiconductor
device 1005 may be an SOI type fin FET. The semiconductor
device 1005 may include a substrate 102, a first insulating
layer 104', a second insulating layer 106, first and second
active fins 111' and 112", second and third dummy fins 122"
and 123', and the gate electrode 130. The semiconductor
device 1005 in some example embodiments is a modified
example of the semiconductor device 100a of FIGS. 2 and
3, and thus, some example embodiments will be described
focusing on a difference from the semiconductor device
100a, and a repeated detailed description thereof is not
provided.

[0107] The first insulating layer 104' may be arranged on
the substrate 102. The second insulating layer 106' may be
disposed between the first and second active fins 111' and
112', the second and third dummy fins 122" and 123", and the
gate electrode 130, and thus, may serve as a gate insulating
layer. The first and second active fins 111' and 112" and the
second and third dummy fins 122' and 123' may include a
semiconductor material, for example, silicon or doped sili-
con.

[0108] The gate electrode 130 may be arranged on the
second insulating layer 106' to have a structure surrounding
the first and second active fins 111' and 112", the second and
third dummy fins 122' and 123", and the second insulating
layer 106', i.e., a structure including the first and second
active fins 111' and 112" and the second and third dummy fins
122" and 123' in the gate electrode 130.

[0109] FIG. 6 is a layout of a semiconductor IC 100A on
which 8 metal lines are disposed, according to a comparison
example.

[0110] Referring to FIG. 6, the semiconductor IC 100A
may include at least one cell CELLa limited by a cell
boundary indicated in a bold solid line. FIG. 6 shows a
plurality of active fins AF1 through AF4 and a plurality of
dummy fins DF1 through DF4 that are included in the cell
CELLa for convenience of description.

[0111] A size of the cell CELLa in a second direction (for
example, a Y direction), i.e. a height Ha, may correspond to
the number and pitch of metal lines (not shown) disposed
above the cell CELLa. As described above, if the height Ha
of the cell CELLa corresponds to the number and pitch of
the metal lines disposed above the cell CELLa, the number
Na and pitch Pa of the plurality of active fins AF1 through
AF4 and the plurality of dummy fins DF1 through DF4 that
are included in the cell CELLa are adaptively determined
based on the height Ha of the cell CELLa.
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[0112] For example, if a number and pitch of the metal
lines disposed above the cell CELLa are 8 and 45, respec-
tively, the height Ha of the cell CELLa is determined as
8%45=360. In this regard, if a minimum value of the pitch Pa
of the plurality of active fins AF1 through AF4 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLa is 40.5, the number Na of the plurality of
active fins AF1 through AF4 and the plurality of dummy fins
DF1 through DF4 that are included in the cell CELLa may
be determined as 8 (i.e., 40.5%8<360). Also, the pitch Pa of
the plurality of active fins AF1 through AF4 and the plurality
of dummy fins DF1 through DF4 that are included in the cell
CELLa may be determined as 45 (i.e., Pa=360/8). In this
regard, the pitch Pa of the plurality of active fins AF1
through AF4 and the plurality of dummy fins DF1 through
DF4 and the height Ha of the cell CELLa are normalized
values. Likewise, all values of pitches and heights described
below are normalized values.

[0113] FIG. 7 is a layout of a semiconductor IC 100B on
which 8 metal lines are disposed, according to some
example embodiments of the inventive concepts.

[0114] Referring to FIG. 7, the semiconductor IC 100B
may include at least one cell CELLa' limited by a cell
boundary indicated in a bold solid line. FIG. 7 shows the
plurality of active fins AF1 through AF4 and the plurality of
dummy fins DF1 through DF4 that are included in the cell
CELLa' for convenience of description.

[0115] In some example embodiments, a size of the cell
CELLa' in a second direction (for example, a Y direction),
i.e. a height Ha', may correspond to the number Na and pitch
Pa' of the plurality of active fins AF1 through AF4 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLa'. In this regard, the pitch Pa' of the
plurality of active fins AF1 through AF4 and the plurality of
dummy fins DF1 through DF4 may have a constant value
irrespective of the number Na of the plurality of active fins
AF1 through AF4 and the plurality of dummy fins DF1
through DF4 that are included in the cell CELLa'.

[0116] For example, if a number of the metal lines dis-
posed above the cell CELLa' is 8, as shown in FIG. 6, the
number Na of the plurality of active fins AF1 through AF4
and the plurality of dummy fins DF1 through DF4 may be
determined as 8. In this regard, if the pitch Pa' of the
plurality of active fins AF1 through AF4 and the plurality of
dummy fins DF1 through DF4 is 40.5, the height Ha' of the
cell CELLa' is determined as 8*Pa' (i.e., 8¥40.5=324).
[0117] As described above, according to some example
embodiments, the height Ha' of the cell CELLa' may cor-
respond to the number Na and pitch Pa' of the plurality of
active fins AF1 through AF4 and the plurality of dummy fins
DF1 through DF4 that are included in the cell CELLa' other
than the number and pitch of the metal lines disposed above
the cell CELLa'. Therefore, the height Ha' of the cell CELLa'
may be lower compared to the comparison example of FIG.
6 in which the number of metal lines disposed above the cell
CELLa is the same as that of metal lines disposed above the
cell CELLa', thereby further enhancing the integration of the
semiconductor IC 100B.

[0118] FIG. 8 is a layout of a semiconductor IC 100C
including two adjacent cells including a cell of FIG. 7,
according to some example embodiments of the inventive
concepts.

[0119] Referring to FIG. 8, the semiconductor IC 100C
may include first and second adjacent cells CELLal and
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CELLa2 limited by a cell boundary indicated in a bold solid
line. In this regard, the first cell CELLal or the second cell
CELLa2 may correspond to the cell CELLa' of FIG. 7.

[0120] The first cell CELLal may include the first through
fourth active fins AF1 through AF4 and the first through
fourth dummy fins DF1 through DF4. A plurality of metal
lines (for example, 8) may be disposed above the first cell
CELLal. In this regard, the plurality of metal lines may
extend in a first direction (for example, an X direction) and
arranged in parallel to each other in a second direction (for
example, a Y direction). The plurality of metal lines may
also include first and second power lines PLL1 and PL2
disposed at both ends of the first cell CELLal in the second
direction and first through sixth wires ML1 through ML6
arranged between the first and second power lines PL.1 and
PL2.

[0121] In a width Wm of each of the first through sixth
wires ML1 through ML6 and a space Sm between two
adjacent wires among the first through sixth wires ML1
through ML6, a pitch Pm of the first through sixth wires
MLA1 through ML6 is Wm+Sm. In some example embodi-
ments, the width Wm of each of the first through sixth wires
MIL1 through ML6, the space Sm between two adjacent
wires among the first through sixth wires ML1 through
ML6, and the pitch Pm of the first through sixth wires ML1
through ML6 may have constant values irrespective of the
number of wires included in the first cell CELLal or the
number of the metal lines.

[0122] The first power line PL1 is disposed over a bound-
ary of the first cell CELLal and another cell (not shown)
disposed to be adjacent to an upper portion of the first cell
CELLal. The second power line PL2 is disposed over a
boundary of the first and second cells CELLal and CELLa2.
In this regard, a width Wp of each of the first and second
power lines PL1 and PL.2 may be greater than the width Wm
of each of the first through sixth wires ML1 through ML6.

[0123] In some example embodiments, the width Wp of
each of the first and second power lines PL.1 and PL.2 may
have a variable value according to a size of the first cell
CELLal in the second direction, i.e. the height Ha'. More
specifically, the width Wp of each of the first and second
power lines PL.1 and PL.2 may be determined according to
the height Ha' of the first cell CELLal excluding a size
corresponding to a multiplication of the number and the
pitch Pm of the first through sixth wires MLL1 through ML6.

[0124] Meanwhile, a space Sp between the first power line
PL1 and the first wire ML.1 may be substantially the same as
the space Sm between two adjacent wires among the first
through sixth wires ML1 through ML6. The space Sp
between the second power line PL.2 and the sixth wire ML6
may also be substantially the same as the space Sm between
two adjacent wires among the first through sixth wires MLL1
through ML6.

[0125] The second cell CELLa2 may include fifth through
eighth active fins AF5 through AF8 and fifth through eighth
dummy fins DF5 through DF8. A plurality of metal lines (for
example, 8) may be disposed above the second cell CELLa2.
In this regard, the plurality of metal lines may extend in the
first direction (for example, the X direction) and arranged in
parallel to each other in the second direction (for example,
the Y direction). The plurality of metal lines may also
include the second power line PL.2 and a third power line
PL3 disposed at both ends of the second cell CELLLa2 in the
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second direction and seventh through twelfth wires ML7
through MI1.12 arranged between the second and third power
lines PL2 and PL3.

[0126] In the width Wm of each of the seventh through
twelfth wires M7 through ML.12 and the space Sm between
two adjacent wires among the seventh through twelfth wires
ML7 through MI.12, the pitch Pm of the seventh through
twelfth wires ML7 through ML12 is Wm+Sm. In some
example embodiments, the width Wm of each of the seventh
through twelfth wires ML7 through ML12, the space Sm
between two adjacent wires among the seventh through
twelfth wires ML7 through ML12, and the pitch Pm of the
seventh through twelfth wires ML7 through MI1.12 may have
constant values irrespective of the number of wires included
in the second cell CELLa2 or the number of the metal lines.
[0127] The second power line PL2 is disposed over the
boundary of the first and second cells CELLal and CELLa2.
The third power line PL3 is disposed over a boundary of the
second cell CELLa2 and another cell (not shown) disposed
to be adjacent to a lower portion of the second cell CELLa2.
In this regard, the width Wp of each of the second and third
power lines PL.2 and PL.3 may be greater than the width Wm
of each of the seventh through twelfth wires ML7 through
ML12.

[0128] In some example embodiments, the width Wp of
each of the second and third power lines PL.2 and PL3 may
have a variable value according to a size of the second cell
CELLa2 in the second direction, i.e. the height Ha'. More
specifically, the width Wp of each of the second and third
power lines PL.2 and PL.3 may be determined according to
the height Ha' of the second cell CELLa2 excluding a size
corresponding to a multiplication of the number and the
pitch Pm of the seventh through twelfth wires ML7 through
ML12.

[0129] Meanwhile, the space Sp between the second
power line PL.2 and the seventh wire ML.7 may be substan-
tially the same as the space Sm between two adjacent wires
among the seventh through twelfth wires ML7 through
ML12. The space Sp between the third power line PL3 and
the twelfth wire ML12 may also be substantially the same as
the space Sm between two adjacent wires among the first
through sixth wires ML1 through ML6.

[0130] As described above, according to some example
embodiments, the height Ha' of each of the first and second
cells CELLal and CELLa2 may correspond to the number
Na and the pitch Pa' of a plurality of active fins and a
plurality of dummy fins, and the pitch Pa' may have a
constant value irrespective of the number Na of the plurality
of active fins and the plurality of dummy fins. The pitch Pm
of wires disposed above each of the first and second cells
CELLal and CELLa2 may have a constant value irrespec-
tive of the number of the wires, and the width Wp of power
lines may be adaptively determined according to the height
Ha' of each of the first and second cells CELLal and
CELLa2.

[0131] FIG. 9 is a layout of a semiconductor IC 200A on
which 9 metal lines are disposed, according to a comparison
example.

[0132] Referring to FIG. 9, the semiconductor IC 200A
may include at least one cell CELLb limited by a cell
boundary indicated in a bold solid line. FIG. 9 shows the
plurality of active fins AF1 through AF6 and the plurality of
dummy fins DF1 through DF4 that are included in the cell
CELLDb for convenience of description.
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[0133] A size of the cell CELLDb in a second direction (for
example, a Y direction), i.e. a height Hb, may correspond to
the number and pitch of metal lines (not shown) disposed
above the cell CELLb. As described above, if the height Hb
of the cell CELLb corresponds to the number and pitch of
the metal lines disposed above the cell CELLDb, a number Nb
and pitch Pb of the plurality of active fins AF1 through AF6
and the plurality of dummy fins DF1 through DF4 that are
included in the cell CELLDb are adaptively determined based
on the height Hb of the cell CELLD.

[0134] For example, if a number and pitch of the metal
lines disposed above the cell CELLb are 9 and 45, respec-
tively, the height Hb of the cell CELLD is determined as
9%45=405. In this regard, if a minimum value of the pitch Pb
of the plurality of active fins AF1 through AF6 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLDb is 40.5, the number Nb of the plurality of
active fins AF1 through AF6 and the plurality of dummy fins
DF1 through DF4 that are included in the cell CELLb may
be determined as 10 (i.e., 40.5%10=<405). Also, the pitch Pb
of the plurality of active fins AF1 through AF6 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLb may be determined as 45 (i.e., Pb=405/
10).

[0135] FIG. 10 is a layout of a semiconductor IC 200B on
which 9 metal lines are disposed, according to some
example embodiments of the inventive concepts.

[0136] Referring to FIG. 10, the semiconductor IC 200B
may include at least one cell CELLb' limited by a cell
boundary indicated in a bold solid line. FIG. 10 shows the
plurality of active fins AF1 through AF6 and the plurality of
dummy fins DF1 through DF4 that are included in the cell
CELLD' for convenience of description.

[0137] In some example embodiments, a size of the cell
CELLD' in a second direction (for example, a Y direction),
i.e. a height Hb', may correspond to the number Nb and pitch
Pb' of the plurality of active fins AF1 through AF6 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLb' In this regard, the pitch Pb' of the
plurality of active fins AF1 through AF6 and the plurality of
dummy fins DF1 through DF4 may have a constant value
irrespective of the number Nb of the plurality of active fins
AF1 through AF6 and the plurality of dummy fins DF1
through DF4 that are included in the cell CELLD'".

[0138] For example, if a number of the metal lines dis-
posed above the cell CELLb' is 9, as shown in FIG. 9, the
number Nb of the plurality of active fins AF1 through AF6
and the plurality of dummy fins DF1 through DF4 may be
determined as 10. In this regard, if the pitch Pb' of the
plurality of active fins AF1 through AF6 and the plurality of
dummy fins DF1 through DF4 is 40.5, the height Hb' of the
cell CELLb' is determined as 10*Pb' (i.e., 10¥40.5=405).

[0139] As described above, according to some example
embodiments, the height Hb' of the cell CELLb' may cor-
respond to the number Nb and pitch Pb' of the plurality of
active fins AF1 through AF6 and the plurality of dummy fins
DF1 through DF4 that are included in the cell CELLb' other
than the number and pitch of the metal lines disposed above
the cell CELLb'.

[0140] FIG. 11 is a layout of a semiconductor IC 200C
including two adjacent cells including a cell of FIG. 10,
according to some example embodiments of the inventive
concepts.
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[0141] Referring to FIG. 11, the semiconductor IC 200C
may include first and second adjacent cells CELLb1 and
CELLDb2 limited by a cell boundary indicated in a bold solid
line. In this regard, the first cell CELLb or the second cell
CELLb2 may correspond to the cell CELLb' of FIG. 10.
[0142] The first cell CELLb1 may include the first through
sixth active fins AF1 through AF6 and the first through
fourth dummy fins DF1 through DF4. A plurality of metal
lines (for example, 9) may be disposed above the first cell
CELLb1. In this regard, the plurality of metal lines may
extend in a first direction (for example, an X direction) and
arranged in parallel to each other in a second direction (for
example, a Y direction). The plurality of metal lines may
also include the first and second power lines PL.1 and PL2
disposed at both ends of the first cell CELLb1 in the second
direction and the first through seventh wires ML1 through
ML7 arranged between the first and second power lines PL.1
and PL2.

[0143] In the width Wm of each of the first through
seventh wires MLL1 through ML7 and the space Sm between
two adjacent wires among the first through seventh wires
ML through ML7, the pitch Pm of the first through seventh
wires ML1 through ML7 is Wm+Sm. In some example
embodiments, the width Wm of each of the first through
seventh wires M1 through ML7, the space Sm between two
adjacent wires among the first through seventh wires ML1
through ML7, and the pitch Pm of the first through seventh
wires ML1 through ML7 may have constant values irre-
spective of the number of wires included in the first cell
CELLDb1 or the number of the metal lines.

[0144] The first power line PL1 is disposed over a bound-
ary of the first cell CELLb1 and another cell (not shown)
disposed to be adjacent to an upper portion of the first cell
CELLb1. The second power line PL2 is disposed over a
boundary of the first and second cells CELLb1 and CELLb2.
In this regard, the width Wp of each of the first and second
power lines PL1 and PL.2 may be greater than the width Wm
of'each of the first through seventh wires MLL1 through ML7.
[0145] In some example embodiments, the width Wp of
each of the first and second power lines PL.1 and PL.2 may
have a variable value according to a size of the first cell
CELLDb1 in the second direction, i.e. the height Hb'. More
specifically, the width Wp of each of the first and second
power lines PL1 and PL.2 may be determined according to
the height Hb' of the first cell CELLb1 excluding a size
corresponding to a multiplication of the number and the
pitch Pm of the first through seventh wires MLL1 through
ML7.

[0146] Meanwhile, the space Sp between the first power
line PL1 and the first wire MLL1 may be substantially the
same as the space Sm between two adjacent wires among the
first through seventh wires M1 through ML7. The space Sp
between the second power line PL.2 and the seventh wire
ML7 may also be substantially the same as the space Sm
between two adjacent wires among the first through seventh
wires ML1 through ML7.

[0147] The second cell CELLb2 may include the seventh
through twelfth active fins AF7 through AF12 and the fifth
through eighth dummy fins DF5 through DF8. A plurality of
metal lines (for example, 9) may be disposed above the
second cell CELLDb2. In this regard, the plurality of metal
lines may extend in the first direction (for example, the X
direction) and arranged in parallel to each other in the
second direction (for example, the Y direction). The plurality
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of metal lines may also include the power line PL.2 and the
third power line PL.3 disposed at both ends of the second cell
CELLb2 in the second direction and the eighth through
fourteenth wires ML8 through MI.14 arranged between the
second and third power lines PL.2 and PL3.

[0148] In the width Wm of each of the eighth through
fourteenth wires ML8 through ML.14 and the space Sm
between two adjacent wires among the eighth through
fourteenth wires ML8 through MIL.14, the pitch Pm of the
eighth through fourteenth wires ML8 through MIL.14 is
Wm+Sm. In some example embodiments, the width Wm of
each of the eighth through fourteenth wires ML8 through
ML 14, the space Sm between two adjacent wires among the
eighth through fourteenth wires ML8 through MIL.14, and
the pitch Pm of the eighth through fourteenth wires ML8
through MI.14 may have constant values irrespective of the
number of wires included in the second cell CELLb2 or the
number of the metal lines.

[0149] The second power line PL2 is disposed over the
boundary of the first and second cells CELLb1 and CELLb2.
The third power line PL3 is disposed over a boundary of the
second cell CELLb2 and another cell (not shown) disposed
to be adjacent to a lower portion of the second cell CELLb2.
In this regard, the width Wp of each of the second and third
power lines PL.2 and PL.3 may be greater than the width Wm
of each of the eighth through fourteenth wires ML8 through
ML14.

[0150] In some example embodiments, the width Wp of
each of the second and third power lines PL.2 and PL.3 may
have a variable value according to a size of the second cell
CELLDb2 in the second direction, i.e. the height Hb'. More
specifically, the width Wp of each of the second and third
power lines PL2 and PL.3 may be determined according to
the height Hb' of the second cell CELLb2 excluding a size
corresponding to a multiplication of the number and the
pitch Pm of the eighth through fourteenth wires MLS8
through ML14.

[0151] Meanwhile, the space Sp between the second
power line PL.2 and the eighth wire MLL8 may be substan-
tially the same as the space Sm between two adjacent wires
among the eighth through fourteenth wires ML8 through
ML14. The space Sp between the third power line PL3 and
the fourteenth wire MLL14 may also be substantially the
same as the space Sm between two adjacent wires among the
eighth through fourteenth wires ML8 through ML14.
[0152] As described above, according to some example
embodiments, the height Hb' of each of the first and second
cells CELLb1 and CELLb2 may correspond to the number
Nb and the pitch Pb' of a plurality of active fins and a
plurality of dummy fins, and the pitch Pb' may have a
constant value irrespective of the number N of the plurality
of active fins and the plurality of dummy fins. The pitch Pm
of wires disposed above each of the first and second cells
CELLb1 and CELLb2 may have a constant value irrespec-
tive of the number of the wires, and the width Wp of power
lines may be adaptively determined according to the height
Hb' of each of the first and second cells CELLb1 and
CELLb2.

[0153] FIG. 12 is a layout of a semiconductor IC 300A on
which 11 metal lines are disposed, according to a compari-
son example.

[0154] Referring to FIG. 12, the semiconductor IC 300A
may include at least one cell CELLc limited by a cell
boundary indicated in a bold solid line. FIG. 12 shows the
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plurality of active fins AF1 through AF8 and the plurality of
dummy fins DF1 through DF4 that are included in the cell
CELLc for convenience of description.

[0155] A size of the cell CELLc in a second direction (for
example, a Y direction), i.e. a height Hc, may correspond to
the number and pitch of metal lines (not shown) disposed
above the cell CELLc. As described above, if the height He
of the cell CELLc corresponds to the number and pitch of
the metal lines disposed above the cell CELLc, a number Nc
and pitch Pc of the plurality of active fins AF1 through AF8
and the plurality of dummy fins DF1 through DF4 that are
included in the cell CELLc are adaptively determined based
on the height He of the cell CELLc.

[0156] For example, if a number and pitch of the metal
lines disposed above the cell CELLc are 11 and 45, respec-
tively, the height Hc' of the cell CELLc is determined as
11*45=495. In this regard, if a minimum value of the pitch
Pc of the plurality of active fins AF1 through AF8 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLDb is 40.5, the number Nc of the plurality of
active fins AF1 through AF8 and the plurality of dummy fins
DF1 through DF4 that are included in the cell CELLc may
be determined as 12 (i.e., 40.5%12<495). Also, the pitch Pc
of the plurality of active fins AF1 through AF8 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLc may be determined as 41.25 (i.e., Pc=495/
12).

[0157] FIG. 13 is a layout of a semiconductor IC 300B on
which 11 metal lines are disposed, according to some
example embodiments of the inventive concepts.

[0158] Referring to FIG. 13, the semiconductor IC 300B
may include at least one cell CELLc' limited by a cell
boundary indicated in a bold solid line. FIG. 13 shows the
plurality of active fins AF1 through AF8 and the plurality of
dummy fins DF1 through DF4 that are included in the cell
CELLc' for convenience of description.

[0159] In some example embodiments, a size of the cell
CELLc' in a second direction (for example, a Y direction),
i.e. a height Hc', may correspond to the number Nc and pitch
Pc' of the plurality of active fins AF1 through AF8 and the
plurality of dummy fins DF1 through DF4 that are included
in the cell CELLc'. In this regard, the pitch Pc' of the
plurality of active fins AF1 through AF8 and the plurality of
dummy fins DF1 through DF4 may have a constant value
irrespective of the number Nc of the plurality of active fins
AF1 through AF8 and the plurality of dummy fins DF1
through DF4 that are included in the cell CELLc'.

[0160] For example, if a number of the metal lines dis-
posed above the cell CELLc' is 11, as shown in FIG. 13, the
number Nc of the plurality of active fins AF1 through AF8
and the plurality of dummy fins DF1 through DF4 may be
determined as 12. In this regard, if the pitch Pc' of the
plurality of active fins AF1 through AF8 and the plurality of
dummy fins DF1 through DF4 is 40.5, the height He' of the
cell CELLc' is determined as 12*Pc' (i.e., 12*40.5=486).
[0161] As described above, according to some example
embodiments, the height Hc' of the cell CELLc' may cor-
respond to the number Nc and pitch Pc' of the plurality of
active fins AF1 through AF8 and the plurality of dummy fins
DF1 through DF4 that are included in the cell CELLc' other
than the number and pitch of the metal lines disposed above
the cell CELLc'". Therefore, the height He' of the cell CELLc'
may be lower compared to the comparison example of FIG.
12 in which the number of metal lines disposed above the
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cell CELLc is the same as that of metal lines disposed above
the cell CELLCc, thereby further enhancing the integration of
the semiconductor IC 300B.

[0162] FIG. 14 is a layout of a semiconductor IC 300C
including two adjacent cells including a cell of FIG. 13,
according to some example embodiments of the inventive
concepts.

[0163] Referring to FIG. 14, the semiconductor IC 300C
may include first and second adjacent cells CELLc1 and
CELLc2 limited by a cell boundary indicated in a bold solid
line. In this regard, the first cell CELLc1 or the second cell
CELLc2 may correspond to the cell CELLc¢' of FIG. 13.
[0164] The first cell CELLc1 may include the first through
eighth active fins AF1 through AF8 and the first through
fourth dummy fins DF1 through DF4. A plurality of metal
lines (for example, 11) may be disposed above the first cell
CELLc1. In this regard, the plurality of metal lines may
extend in a first direction (for example, an X direction) and
arranged in parallel to each other in a second direction (for
example, a Y direction). The plurality of metal lines may
also include the first and second power lines PL1 and PL2
disposed at both ends of the first cell CELLc1 in the second
direction and the first through ninth wires ML1 through
ML9 arranged between the first and second power lines PL.1
and PL2.

[0165] In the width Wm of each of the first through ninth
wires ML1 through ML9 and the space Sm between two
adjacent wires among the first through ninth wires ML1
through ML9, the pitch Pm of the first through ninth wires
MLA1 through ML9 is Wm+Sm. In some example embodi-
ments, the width Wm of each of the first through ninth wires
ML1 through ML9, the space Sm between two adjacent
wires among the first through ninth wires ML1 through
ML9, and the pitch Pm of the first through ninth wires ML1
through ML9 may have constant values irrespective of the
number of wires included in the first cell CELLc1 or the
number of the metal lines.

[0166] The first power line PL1 is disposed over a bound-
ary of the first cell CELLc1 and another cell (not shown)
disposed to be adjacent to an upper portion of the first cell
CELLc1. The second power line PL2 is disposed over a
boundary of the first and second cells CELLc1 and CELLc2.
In this regard, the width Wp of each of the first and second
power lines PL1 and PL.2 may be greater than the width Wm
of each of the first through ninth wires ML.1 through ML9.
[0167] In some example embodiments, the width Wp of
each of the first and second power lines PL.1 and PL.2 may
have a variable value according to a size of the first cell
CELLc1 in the second direction, i.e. the height Hc'. More
specifically, the width Wp of each of the first and second
power lines PL.1 and PL.2 may be determined according to
the height Hc' of the first cell CELLcl excluding a size
corresponding to a multiplication of the number and the
pitch Pm of the first through ninth wires M1 through ML9.
[0168] Meanwhile, the space Sp between the first power
line PL.1 and the first wire MLL1 may be substantially the
same as the space Sm between two adjacent wires among the
first through ninth wires M1 through ML9. The space Sp
between the second power line PL.2 and the ninth wire ML9
may also be substantially the same as the space Sm between
two adjacent wires among the first through ninth wires MLL1
through ML9.

[0169] The second cell CELLc2 may include the ninth
through sixteenth active fins AF9 through AF16 and the fifth
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through eighth dummy fins DF5 through DF8. A plurality of
metal lines (for example, 11) may be disposed above the
second cell CELLc2. In this regard, the plurality of metal
lines may extend in the first direction (for example, the X
direction) and arranged in parallel to each other in the
second direction (for example, the Y direction). The plurality
of metal lines may also include the power line PL.2 and the
third power line PL.3 disposed at both ends of the second cell
CELLc2 in the second direction and the tenth through
eighteenth wires ML.10 through MI.18 arranged between the
second and third power lines PL.2 and PL3.

[0170] In the width Wm of each of the tenth through
eighteenth wires ML10 through ML18 and the space Sm
between two adjacent wires among the tenth through eigh-
teenth wires MLL10 through MIL.18, the pitch Pm of the tenth
through eighteenth wires MLL10 through ML.18 is Wm+Sm.
In some example embodiments, the width Wm of each of the
tenth through eighteenth wires MLL10 through ML18, the
space Sm between two adjacent wires among the tenth
through eighteenth wires ML10 through ML18, and the
pitch Pm of the tenth through eighteenth wires ML10
through MI.18 may have constant values irrespective of the
number of wires included in the second cell CELLc2 or the
number of the metal lines.

[0171] The second power line PL2 is disposed over the
boundary of the first and second cells CELLc1 and CELLc2.
The third power line PL3 is disposed over a boundary of the
second cell CELLc2 and another cell (not shown) disposed
to be adjacent to a lower portion of the second cell CELLc2.
In this regard, the width Wp of each of the second and third
power lines PL.2 and PL.3 may be greater than the width Wm
of each of the tenth through eighteenth wires ML10 through
ML18.

[0172] In some example embodiments, the width Wp of
each of the second and third power lines PL.2 and PL3 may
have a variable value according to a size of the second cell
CELLc2 in the second direction, i.e. the height Hc'. More
specifically, the width Wp of each of the second and third
power lines PL.2 and PL.3 may be determined according to
the height Hc' of the second cell CELLc2 excluding a size
corresponding to a multiplication of the number and the
pitch Pm of the tenth through eighteenth wires ML10
through ML18.

[0173] Meanwhile, the space Sp between the second
power line PL.2 and the tenth wire ML10 may be substan-
tially the same as the space Sm between two adjacent wires
among the tenth through eighteenth wires ML10 through
ML18. The space Sp between the third power line PL3 and
the eighteenth wire ML18 may also be substantially the
same as the space Sm between two adjacent wires among the
tenth through eighteenth wires MIL10 through ML18.

[0174] As described above, according to some example
embodiments, the height He' of each of the first and second
cells CELLc1 and CELLc2 may correspond to the number
Nc and the pitch Pc' of a plurality of active fins and a
plurality of dummy fins, and the pitch Pc' may have a
constant value irrespective of the number N of the plurality
of active fins and the plurality of dummy fins. The pitch Pm
of wires disposed above each of the first and second cells
CELLc1 and CELLc2 may have a constant value irrespec-
tive of the number of the wires, and the width Wp of power
lines may be adaptively determined according to the height
Hc' of each of the first and second cells CELLcl and
CELLc2.
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[0175] FIG. 15 is a layout of a semiconductor IC 400
according to some example embodiments of the inventive
concepts.

[0176] Referring to FIG. 15, the semiconductor IC 400
may include at least one cell CELL' limited by a cell
boundary indicated in a bold solid line. The cell CELL' may
include a plurality of fins including a plurality of active fins
410 and a plurality of dummy fins 420, a plurality of gate
electrodes 430, a plurality of source and drain contacts 440,
two input terminals 450, two input contacts 455, an output
terminal 460, and the two power lines VDD and VSS.
Although not shown, a plurality of conductive lines, for
example, metal lines, may be further disposed above the cell
CELL"

[0177] The plurality of active fins 410 may include first
through sixth active fins 411 through 416. However, the
number of the plurality of active fins 410 included in the at
least one cell CELL' is not limited to 6, and may be modified
in various ways. In some example embodiments of the
inventive concepts, the number of the plurality of active fins
410 included in the at least one cell CELL' may be greater
than 6. In some example embodiments of the inventive
concepts, the number of the plurality of active fins 410
included in the at least one cell CELL' may be smaller than
6.

[0178] In some example embodiments, the single active
fin 410 or the plurality of active fins 410 may a single fin
FET. In this regard, the first through sixth active fins 411
through 416 may have different sizes in a first direction (for
example, an X direction). More specifically, sizes of the first,
second, fifth, and sixth active fins 411, 412, 415, and 416 in
the first direction may be smaller than those of the third and
fourth active fins 413 and 414 in the first direction. Thus, the
first through third active fins 411 through 413 may configure
a single FET, and the third active fin 413 may also configure
a single FET. Likewise, the fourth through sixth active fins
414 through 416 may configure a single FET, and the fourth
active fin 414 may also configure a single FET.

[0179] The plurality of dummy fins 420 may include first
through fourth dummy fins 421 through 424. However, the
number of the plurality of dummy fins 420 included in the
at least one cell CELL' is not limited to 4, and may be
modified in various ways. In some example embodiments of
the inventive concepts, the number of the plurality of
dummy fins 420 included in the at least one cell CELL' may
be greater than 4. In some example embodiments of the
inventive concepts, the number of the plurality of dummy
fins 420 included in the at least one cell CELL' may be
smaller than 4.

[0180] The first through third active fins 411 through 413
and the first and second dummy fins 421 and 422 may be
disposed in the first limit layer DL1. The fourth through
sixth active fins 414 through 416 and the third and fourth
dummy fins 423 and 424 may be disposed in the second limit
layer DL2. In some example embodiments, the first limit
layer DL1 may be a p+ impurity doped PMOS limit layer,
and the second limit layer DI.2 may be an n+ impurity doped
NMOS limit layer. The first through third active fins 411
through 413 disposed in the first limit layer DL1 may
constitute a PMOS fin FET. The fourth through sixth active
fins 414 through 416 disposed in the second limit layer DL.2
may be an NMOS fin FET.

[0181] In some example embodiments, the first through
sixth active fins 411 through 416 and the first through fourth
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dummy fins 421 through 424 may extend in the first direc-
tion (for example, the X direction) and may be arranged in
a second direction (for example, a Y direction) in parallel to
each other. In this regard, the second direction may be
substantially perpendicular to the first direction.

[0182] In the width W1 of each of the first through sixth
active fins 411 through 416, the space S1 between two
adjacent active fins among the first through sixth active fins
411 through 416, and the pitch P1 of the first through sixth
active fins 411 through 416, P1=W1+S. In some example
embodiments, the width W1, the space S1, and the pitch P1
may have constant values irrespective of the number of the
active fins 410 included in the cell CELL' or the number of
the active fins 410 and the dummy fins 420.

[0183] In the width W2 of each of the first through fourth
dummy fins 421 through 424, the space S2 between two
adjacent active fins among the first through fourth dummy
fins 421 through 424, and the pitch P2 of the first through
fourth dummy fins 421 through 424, P2=W2+S2. In some
example embodiments, the width W2, the space S2, and the
pitch P2 may have constant values irrespective of the
number of the Odummy fins 420 included in the cell CELL'
or the number of the active fins 410 and the dummy fins 420.
[0184] In some example embodiments, the width W1 of
each of the first through sixth active fins 411 through 416
may be substantially the same as the width W2 of each of the
first through fourth dummy fins 421 through 424. Also, the
space S1 between two adjacent active fins among the first
through sixth active fins 411 through 416 may be substan-
tially the same as the space S2 between two adjacent dummy
fins among the first through fourth dummy fins 421 through
424. Therefore, the pitch P1 of the first through sixth active
fins 411 through 416 may be substantially the same as the
pitch P2 of the first through fourth dummy fins 421 through
424. Thus, both the pitch P1 of the first through sixth active
fins 411 through 416 and the pitch P2 of the first through
fourth dummy fins 421 through 424 is referred to as P below.
[0185] A size of the cell CELL' in the second direction (for
example, the Y direction) is denoted by H'. If the number of
the plurality of active fins 410 and dummy fins 420 included
in the cell CELL' is N, the height H' of the cell CELL' may
correspond to the number N and the pitch P of the plurality
of active fins 410 and dummy fins 420. More specifically, the
height H' of the cell CELL' may be expressed as a multi-
plication of the number N and the pitch P of the plurality of
active fins 410 and dummy fins 420 (i.e. H'=N*P).

[0186] In some example embodiments, the number of the
active fins 410 is 6, and the number of the dummy fins 420
is 4, and thus the number N of the plurality of active fins 410
and dummy fins 420 is 10. In this regard, the height H' of the
cell CELL' may be expressed as 10*P that is the multipli-
cation of the number N (i.e. 10) and the pitch P of the
plurality of active fins 410 and dummy fins 420 (i.e.
H=10*P).

[0187] As described above, according to some example
embodiments, the pitch P of the plurality of active fins 410
and dummy fins 420 has a constant value irrespective of the
number N of the plurality of active fins 410 and dummy fins
420 included in the cell CELL', and the height H' of the cell
CELL' corresponds to the number N and the pitch P of the
plurality of active fins 410 and dummy fins 420. Therefore,
the pitch P of the plurality of active fins 410 and dummy fins
420 may be constantly applied to cells having different
libraries, thereby facilitating a design of the semiconductor
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IC 400. Furthermore, the plurality of active fins 410 and
dummy fins 420 having the constant pitch P may be manu-
factured for the cells having different libraries, thereby
simplifying a process of the semiconductor 1C 400.

[0188] Further, according to some example embodiments,
the height H' of the cell CELL' may correspond to the
number N and the pitch P of the plurality of active fins 410
and dummy fins 420 included in the cell CELL'. In this
regard, the determined height H' of the cell CELL' is
relatively lower than the height H' of the cell CELL' corre-
sponding to the number and pitch of the metal lines disposed
above the cell CELL'. As described above, integration of the
semiconductor IC 400 may be further enhanced by reducing
the height H' of the cell CELL'.

[0189] FIG. 16 is a perspective view of a semiconductor
device 400a with the layout of FIG. 15, according to some
example embodiments of the inventive concepts.

[0190] FIG. 17 is a cross-sectional view taken along line
XVI-XVT of FIG. 16.

[0191] Referring to FIGS. 16 and 17, the semiconductor
device 400a may be a bulk type fin FET. The semiconductor
device 400a may include a substrate 402, a first insulating
layer 404, a second insulating layer 406, a third active fin
413, a plurality of dummy fins 422 and 423, and a gate
electrode 430. The semiconductor device 400a according to
some example embodiments may configure a single fin FET
of the single third active fin 413.

[0192] The substrate 402 may be a semiconductor sub-
strate. For example, the substrate 402 may include one of
silicon, silicon-on-insulator (SOI), silicon-on-sapphire
(SOS), germanium, silicon-germanium, and gallium-ar-
senide.

[0193] The third active fin 413 and the plurality of dummy
fins 422 and 423 may be arranged to be connected to the
substrate 402. In some example embodiments, a protruding
portion of the third active fin 413 that is perpendicular with
respect to the substrate 402 may be an n+ or p+ doped active
region, and protruding portions of the plurality of dummy
fins 422 and 423 that are perpendicular with respect to the
substrate 402 may be undoped regions. In some example
embodiments, the third active fin 413 and the plurality of
dummy fins 422 and 423 may all be n+ or p+ doped active
regions.

[0194] The third active fin 413 may have the width W1
and a height Hfin2, and thus, may have a channel width (or
an effective channel width) of (2*Hfin2+W1). The height
Hfin2 indicates a height from an upper surface of the second
insulating layer 406 to an upper surface of the third active fin
413. In some example embodiments, the third active fin 413
may constitute one fin FET, and thus the fin FET may have
a channel width (or an effective channel width) of (2*Hfin2+
W1).

[0195] The first and second insulating layers 404 and 406
may include an insulating material, for example, which may
include one of an oxide layer, a nitride layer, and an
oxynitride layer. The first insulating layer 404 may be
disposed above the third active fin 413 and the plurality of
dummy fins 422 and 423. The first insulating layer 404 may
be disposed between the third active fin 413 and the gate
electrode 430, and thus, may serve as a gate insulating layer.
The second insulating layer 406 may be disposed in a space
between the third active fin 413 and the plurality of dummy
fins 422 and 423 to have a desired height (that may or may
not be predetermined). The second insulating layer 406 may
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be disposed among the third active fin 413 and the plurality
of dummy fins 422 and 423, and thus, may be used as a
device isolation layer.

[0196] The gate electrode 430 may be arranged on the
third active fin 413 and the corresponding first insulating
layer 404 to have a structure surrounding the third active fin
413 and the corresponding first insulating layer 404, i.e., a
structure including the third active fin 413 in the gate
electrode 430. The gate electrode 430 may include at least
one of a metallic material such as tungsten (W) and tantalum
(Ta), a nitride thereof, a silicide thereof, and a doped
polysilicon, and may be formed using a deposition process.
[0197] FIG. 18 is a perspective view of a semiconductor
device 4005 with the layout of FIG. 15, according to some
example embodiments of the inventive concepts.

[0198] FIG. 19 is a cross-sectional view taken along line
XVII-XVIIT of FIG. 18.

[0199] Referring to FIGS. 18 and 19, the semiconductor
device 4005 may be an SOI type fin FET. The semiconductor
device 4005 may include the substrate 402, a first insulating
layer 404', a second insulating layer 406', a third active fin
413", a plurality of dummy fins 422' and 423', and the gate
electrode 430. The semiconductor device 4005 according to
some example embodiments is a modification of the semi-
conductor device 400a of FIGS. 16 and 17, and thus
differences therebetween will now be described, and redun-
dant descriptions will be omitted here.

[0200] The second insulating layer 406' may be disposed
between the third active fin 413' and the gate electrode 430,
and thus, may serve as a gate insulating layer.

[0201] The third active fin 413' and the plurality of dummy
fins 422' and 423' may be formed of a semiconductor
material, for example, silicon or doped silicon. The third
active fin 413' may have the width W1 and the height Hfin2,
and thus a channel width of the third active pin 413' may be
(2*¥Hfin2+W1). In this regard, the height Hfin2 indicates a
height from an upper surface of the first insulating layer 404'
to an upper surface of the third active fin 413'.

[0202] The gate electrode 430 may be arranged on the
third active fin 413" and the corresponding second insulating
layer 406' to have a structure surrounding the third active fin
413' and the corresponding second insulating layer 406/, i.e.,
a structure including the third active fin 413' in the gate
electrode 430.

[0203] FIG. 20 is a layout of a semiconductor IC 500
according to some example embodiment of the inventive
concepts.

[0204] Referring to FIG. 20, the semiconductor IC 500
may include the at least one cell CELL limited by a cell
boundary indicated in a bold solid line. The cell CELL may
include a plurality of active fins 510, a plurality of dummy
fins 520, a plurality of gate electrodes 530, a plurality of
source and drain contacts 540, two input terminals 550, two
input contacts 555, an output terminal 560, and the two
power lines VDD and VSS.

[0205] In some example embodiments, the cell CELL may
be a standard cell. Such a standard cell based layout design
method may reduce a time taken to design a layout by
previously designing a device such as an OR gate or an AND
gate that is repeatedly used as the standard cell, storing the
standard cell in a computer system, and placing and wiring
the standard cell at a necessary location during the layout
design.
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[0206] The plurality of active fins 510 may include first
through sixth active fins 511 through 516. The plurality of
dummy fins 520 may include first through fourth dummy
fins 521 through 524. However, the number of the plurality
of active fins 510 is not limited to 6, and may be modified
in various ways. In some example embodiments of the
inventive concepts, the number of the plurality of active fins
510 may be greater than 6. In some example embodiments
of the inventive concepts, the number of the plurality of
active fins 510 may be smaller than 6. Also, the number of
the plurality of dummy fins 520 is not limited to 4, and may
be modified in various ways.

[0207] In some example embodiments, the first through
sixth active fins 511 through 516 and the first through fourth
dummy fins 521 through 524 may have substantially the
same width W. However, example embodiments of the
inventive concepts are not limited thereto. In some example
embodiments, the first through sixth active fins 511 through
516 may have different widths, and the first through fourth
dummy fins 521 through 524 may have the same width W.
In some example embodiments, the first through sixth active
fins 511 through 516 may have different widths, and the first
through fourth dummy fins 521 through 524 may also have
different widths.

[0208] The first through third active fins 511 through 513
and the first and second dummy fins 521 and 522 may be
disposed in the first limit layer DL1. The fourth through
sixth active fins 514 through 516 and the third and fourth
dummy fins 523 and 524 may be disposed in the second limit
layer DL2. In the cell boundary limiting the cell CELL, an
upper boundary, i.e. a boundary above the first dummy fin
521, may be referred to as a first cell boundary CB1, and a
lower boundary, i.e., a boundary below the fourth dummy fin
524 may be referred to as a second cell boundary CB2.
[0209] The plurality of active fins 510 arranged adjacent to
each other may constitute a fin FET. A channel width of the
fin FET may be increased in proportional to the number of
active fins constituting the fin FET, and thus, a current
amount flowing through the fin FET may be increased. The
channel width of the fin FET will be described later in
greater detail with respect to FIGS. 22 through 24.

[0210] Insome example embodiments, the first limit layer
DL1 may be a p+ impurity doped PMOS limit layer, and the
second limit layer DL.2 may be an n+ impurity doped PMOS
limit layer. The first through third active fins 511 through
513 disposed in the first limit layer DI.1 may constitute a
PMOS fin FET. The fourth through sixth active fins 514
through 516 disposed in the second limit layer DL.2 may be
an NMOS fin FET.

[0211] More specifically, the two gate electrodes 530 and
the three source/drain contacts 540 are disposed above the
first through third active fins 511 through 513, and thus the
first through third active fins 511 through 513 may constitute
two PMOS fin FETs connected in parallel to each other. The
two gate electrodes 530 and the two source/drain contacts
540 are disposed above the fourth through sixth active fins
514 through 516, and thus the fourth through sixth active
fins 514 through 516 may constitute two NMOS fin FETs
connected in series to each other.

[0212] Insome example embodiments, the cell CELL may
include a first region R1 including the plurality of active fins
510 arranged in parallel to each other in a first direction (for
example, an X direction) and a second region R2 including
the plurality of dummy fins 520 arranged in parallel to the
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plurality of active fins 510. In this regard, the first region R1
may include a first active region AR1 and a second active
region AR2, and the second region R2 may include a first
dummy region DR1, a second dummy region DR2, and a
third dummy region DR3.

[0213] Inasize H of the cell CELL in the second direction
(for example, a Y direction), a size H1 of the first dummy
region DR1 in the second direction, a size H2 of the first
active region AR1 in the second direction, a size H3 of the
second dummy region DR2 in the second direction, a size
H4 of the second active region AR2 in the second direction,
and a size H5 of the third dummy region DR3 in the second
direction, the second direction may be substantially perpen-
dicular to the first direction. The sizes of the cell CELL, the
first through third dummy regions DR1, DR2, and DR3, and
the first and second active regions AR1 and AR2 are referred
to as “heights” below.

[0214] The first active region AR1 may include the first
through third active fins 511 through 513 arranged in parallel
to each other in the first direction. The first pitch P1 of the
first through third active fins 511 through 513 may have an
invariable value. Similarly, the second active region AR2
may include the fourth through sixth active fins 514 through
516 arranged in parallel to each other in the first direction.
The first pitch P1 of the fourth through sixth active fins 514
through 516 may have an invariable value.

[0215] In this regard, the first pitch P1 may be expressed
as a sum of the width W of each of the first through sixth
active fins 511 through 516 and the space S1 between two
adjacent active fins (i.e. P1=W+8S1). A height H2 of the first
active region AR1 corresponds to a multiplication of the
number (i.e. 3) of the first through third active fins 511
through 513 included in the first active region AR1 and the
first pitch P1 (i.e. H2=3*P1=3*(W+S1)). Similarly, a height
H4 of the second active region AR2 corresponds to a
multiplication of the number (i.e. 3) of the fourth through
sixth active fins 514 through 516 included in the second
active region AR2 and the first pitch P1 (i.e. H4=3*P1=3*
(W+S1)).

[0216] As described above, according to some example
embodiments, although a new library is used to implement
the semiconductor IC 500 due to a change in the height H of
the cell CELL, the first pitch P1 of the plurality of active fins
510 has the invariable value, and thus a simulation tool for
modeling the plurality of active fins 510, for example, a
spice model, may not be changed. In other words, diverse
libraries may be supported by using a single simulation tool
having the first pitch P1 of the plurality of active fins 510
having the invariable value irrespective of the height H of
the cell CELL.

[0217] The first dummy region DR1 may include a first
dummy fin 521 disposed in parallel to the plurality of active
fins 510. A second pitch P2 of the first dummy pin 521 may
have a variable value. Similarly, the second dummy region
DR2 may include second and third dummy fins 522 and 523
disposed in parallel to the plurality of active fins 510. The
second pitch P2 of the second and third dummy fins 522 and
523 may have a variable value. Similarly, the third dummy
region DR3 may include a dummy fin 524 disposed in
parallel to the plurality of active fins 510. The second pitch
P2 of the fourth dummy fin 524 may have a variable value.
[0218] In some example embodiments, a space S3
between the first dummy fin 521 and the first cell boundary
CB1 may be substantially the same as a space S4 between
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the fourth dummy fin 524 and the second cell boundary
CB2. In some example embodiments, the space S2 between
the second and third dummy fins 522 and 523 may corre-
spond to two times a space S3 between the first dummy fin
521 and the first cell boundary CB1 and a space S4 between
the fourth dummy fin 524 and the second cell boundary
CB2.

[0219] A space between a fourth dummy fin (not shown)
included in another cell (not shown) disposed to be adjacent
to the first dummy fin 521 and the first dummy fin 521
included in the cell CELL may be the same as the space S2
between the second dummy fin 522 and the third dummy fin
523. Likewise, a space between a first dummy fin (not
shown) included in another cell (not shown) disposed to be
adjacent to the fourth dummy fin 524 and the fourth dummy
fin 524 included in the cell CELL may be the same as the
space S2 between the second dummy fin 522 and the third
dummy fin 523.

[0220] In this regard, the second pitch P2 may be
expressed as a sum of the width W of each of the first
through fourth dummy fins 521 through 524 and the space
S2 between the two adjacent dummy fins 522 and 523 (i.e.
P2=W+S2). In this regard, the second pitch P2 may have a
value greater than or the same as that of the first pitch P1.
The height H1 of the first dummy region DR1 may corre-
spond to W+(S1)/2+4S3. The height H3 of the second dummy
region DR2 may correspond to 2 W+S1+S2. The height HS
of the third dummy region DR3 may correspond to W+(S1)/
2+54.

[0221] In some example embodiments, the height H1 of
the first dummy region DR1 may be substantially the same
as the height H5 of the third dummy region DR3. In some
example embodiments, the height H1 of the first dummy
region DR1 may correspond to half the height H5 of the
third dummy region DR3. In other words, the height H2 of
the second dummy region DR2 may correspond to two times
the height H1 of the first dummy region DR1 and the height
H5 of the third dummy region DR3. In some example
embodiments, the height H2 of the second dummy region
DR2 may be two times greater than the height H1 of the first
dummy region DR1 and the height H5 of the third dummy
region DR3.

[0222] In some example embodiments, the second pitch
P2 may be changed based on the height H of the cell CELL.
The height H of the cell CELL may be changed based on the
number of metal lines that are included in an upper layer of
the cell CELL and arranged in parallel to each other in the
first direction (for example, the X direction). Accordingly,
the second pitch P2 may be changed based on the number of
metal lines, which will be described later with reference to
FIG. 26.

[0223] In some example embodiments, the first dummy
region DR1 may be used as a power region in which the first
power line VDD that supplies power (for example, a power
voltage) to the plurality of active fins 510 is disposed. The
third dummy region DR3 may also be used as a power
region in which the second power line VSS that supplies
power (for example, a ground voltage) to the plurality of
active fins 510 is disposed.

[0224] As described above, according to some example
embodiments, the second pitch P2 may be greater than or the
same as the first pitch P1. Thus, the height H1 of the first
dummy region DR1 and the height H5 of the third dummy
region DR3 may be greater than or the same as those of a
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conventional semiconductor IC including a plurality of
active fins and a plurality of dummy fins that have the same
pitch. Therefore, the semiconductor IC 500 may secure a
sufficient space necessary for the layout of the first and
second power lines VDD and VSS, and thus a degree of
freedom with respect to the layout of the first and second
power lines VDD and VSS may be increased.

[0225] In some example embodiments, the second dummy
region DR2 may be used as a middle region (for example,
a middle of line (MOL) region) in which input and output
terminals with respect to the cell CELL are disposed. More
specifically, fins such as the input contacts 555 may be
disposed in the second dummy region DR2.

[0226] As described above, according to some example
embodiments, the second pitch P2 is greater than or the same
as the first pitch P1. Thus, the height H3 of the second
dummy region DR2 may be greater than or the same as that
of the conventional semiconductor IC including a plurality
of active fins and a plurality of dummy fins that have the
same pitch. Therefore, the semiconductor IC 500 may secure
a sufficient space necessary for the layout of the fins, and
thus a degree of freedom with respect to the layout of the fins
may be increased.

[0227] FIG. 21 is a perspective view of a semiconductor
device 500a with the layout of FIG. 20, according to some
example embodiments of the inventive concepts.

[0228] FIG. 22 is a cross-sectional view taken along line
XXI-XXT' of FIG. 21.

[0229] Referring to FIGS. 21 and 22, the semiconductor
device 500a may be a bulk type fin FET. The semiconductor
device 500a may include a substrate 502, a first insulating
layer 504, a second insulating layer 506, second and third
active fins 512 and 513, second and third dummy fins 522
and 523, and a gate electrode 530.

[0230] The substrate 502 may be a semiconductor sub-
strate. For example, the substrate 502 may include one of
silicon, silicon-on-insulator (SOI), silicon-on-sapphire
(SOS), germanium, silicon-germanium, and gallium-ar-
senide.

[0231] The second and third active fins 512 and 513 and
the second and third dummy fins 522 and 523 may be
arranged to be connected to the substrate 502. In some
example embodiments, protruding portions of the second
and third active fins 512 and 513 that are perpendicular with
respect to the substrate 502 may be n+ or p+ doped active
regions, and protruding portions of the second and third
dummy fins 522 and 523 that are perpendicular with respect
to the substrate 502 may be undoped regions. In some
example embodiments, the second and third active fins 512
and 513 and the second and third dummy fins 522 and 523
may all be n+ or p+ doped active regions.

[0232] The second and third active fins 512 and 513 may
have the width W and a height Hfin, and thus, may have a
channel width (or an effective channel width) of (Hfin*2+
W). The height Hfin indicates a height from an upper surface
of the second insulating layer 506 to upper surfaces of the
second and third active fins 512 and 513. If an N number of
active fins constitute a single fin FET, a channel width (or an
effective channel width) of the fin FET may be (Hfin*2+
W)*N.

[0233] In some example embodiments, the space S1
between the second and third active fins 512 and 513 may
have an invariable value, and the space S2 between the
second and third dummy fins 522 and 523 may have a

May 4, 2017

variable value. The space S2 between the second and third
dummy fins 522 and 523 may be greater than or the same as
the space S1 between the second and third active fins 512
and 513.

[0234] The first and second insulating layers 504 and 506
may include an insulating material, for example, which may
include one of an oxide layer, a nitride layer, and an
oxynitride layer. The first insulating layer 504 may be
disposed above the second and third active fins 512 and 513
and the second and third dummy fins 522 and 523. The first
insulating layer 504 may be disposed between the second
and third active fins 512 and 513 and the gate electrode 530,
and thus, may serve as a gate insulating layer. The second
insulating layer 506 may be disposed in a space between the
second and third active fins 512 and 513 and the second and
third dummy fins 522 and 523 to have a desired height (that
may or may not be predetermined). The second insulating
layer 506 may be disposed among the second and third
active fins 512 and 513 and the second and third dummy fins
522 and 523, and thus, may be used as a device isolation
layer.

[0235] The gate electrode 530 may be disposed on the first
and second insulating layers 504 and 506 to have a structure
surrounding the second and third active fins 512 and 513, the
second and third dummy fins 522 and 523, and the second
insulating layer 506, i.e., a structure including the second
and third active fins 512 and 513 and the second and third
dummy fins 522 and 523 in the gate electrode 530. The gate
electrode 530 may include at least one of a metallic material
such as tungsten (W) and tantalum (Ta), a nitride thereof, a
silicide thereof, and a doped polysilicon, and may be formed
using a deposition process.

[0236] FIG. 23 is a perspective view of a semiconductor
device 5005 with the layout of FIG. 20, according to some
example embodiments of the inventive concepts.

[0237] FIG. 24 is a cross-sectional view taken along line
XXTI-XXII' of FIG. 23.

[0238] Referring to FIGS. 23 and 24, the semiconductor
device 5005 may be an SOI type fin FET. The semiconductor
device 5005 may include the substrate 502, a first insulating
layer 504', a second insulating layer 506', second and third
active fins 512' and 513', second and third dummy fins 522'
and 523', and the gate electrode 530. The semiconductor
device 5005 according to some example embodiments is a
modification of the semiconductor device 500a of FIGS. 21
and 22, and thus differences therebetween will now be
described, and redundant descriptions will be omitted here.
[0239] In some example embodiments, the space S1
between the second and third active fins 512' and 513' may
have an invariable value, and the space S2 between the
second and third dummy fins 522' and 523' may have a
variable value. The space S2 between the second and third
dummy fins 522' and 523' may be greater than or the same
as the space S1 between the second and third active fins 512"
and 513'.

[0240] The first insulating layer 504' may be disposed on
the substrate 502. The second insulating layer 506' may be
disposed between the second and third active fins 512' and
513, the second and third dummy fins 522' and 523', and the
gate electrode 530, and thus, may serve as a gate insulating
layer. The second and third active fins 512' and 513" and the
second and third dummy fins 522' and 523' may be formed
of a semiconductor material, for example, silicon or doped
silicon.
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[0241] The gate electrode 530 may be arranged on the
second insulating layer 506' to have a structure surrounding
the second and third active fins 512" and 513", the second and
third dummy fins 522' and 523", and the second insulating
layer 506', i.e., a structure including the second and third
active fins 512' and 513' and the second and third dummy
fins 522' and 523' in the gate electrode 530.

[0242] FIG. 25 is a layout of an upper layer 500U of the
semiconductor IC 500 of FIG. 20 according to some
example embodiments of the inventive concepts.

[0243] Referring to FIG. 25, the upper layer 500U of the
semiconductor IC 500 of FIG. 20 may include a plurality of
metal lines MLL1, ML2, . . ., ML(n-1), MLn arranged in
parallel to each other in a first direction (for example, an X
direction). In the width Wm of each of the plurality of metal
lines ML1, ML2, . . ., ML(n-1), MLn and the space Sm
between two adjacent metal lines among the plurality of
metal lines MLL1, ML2, . . ., ML(n-1), MLn, the plurality
of metal lines MLL1, ML2, . . . , ML(n-1), MLn may have
a third pitch P3 that is a sum of the width Wm and the space
Sm (i.e. P3=Wm+Sm).

[0244] A plurality of metal layers (not shown) for wiring
fin FETs formed in the cell CELL may be disposed above the
semiconductor IC 500 including the cell CELL. Each of the
plurality of metal layers may include a plurality of metal
lines (not shown). In this regard, as shown in FIG. 25, at
least one of the plurality of metal layers may include the
plurality of metal lines MLL1, ML2, . . . , ML(n-1), MLn
arranged in parallel to each other in the first direction. For
example, the upper layer 500U may be a second lower layer
among the plurality of metal layers disposed above the cell
CELL.

[0245] A size of the cell CELL in a second direction (for
example, a Y direction), i.e. the height H, may correspond to
the number of the plurality of metal lines ML1, ML2, . . .,
ML(n-1), MLn arranged in parallel to each other in the first
direction. Accordingly, layout of the plurality of metal lines

ML1, ML2, . .., ML(n-1), MLn and routing thereof may
be facilitated.
[0246] In the semiconductor IC 500 including a fin FET,

the active fins 511 through 516 constituting the fin FET are
arranged in parallel to each other in the first direction based
on a constant pitch. As described above, if the plurality of
metal lines MLL1, ML2, . . ., ML(n-1), MLn and the active
fines 511 through 516 are arranged in parallel to each other
in the first direction, the height H of the cell CELL may be
changed according to a change in the number of the plurality
of metal lines MLL1, ML2, . . . , ML(n-1), MLn.

[0247] Therefore, the pitch of the active fins 511 through
516 needs to be changed by reflecting the changed height H
of the cell CELL. If the pitch of the active fins 511 through
516 is changed, an amount of current flowing through the fin
FET is changed, and thus a correction may be required
throughout a process for manufacturing devices included in
the semiconductor IC 500. If the pitch of the active fins 511
through 516 is changed whenever the height H of the cell
CELL is changed, a plurality of simulation tools for sup-
porting diverse pitches of the active fins 511 through 516
needs to be prepared.

[0248] FIG. 26 is a layout of a semiconductor IC 500A
including the upper layer 500U of FIG. 25 according to
some example embodiments of the inventive concepts.
[0249] Referring to FIG. 26, the semiconductor IC 500A
may include the cell CELL' whose size in a second direction
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(for example, a Y direction), i.e. the height H, may be
determined to be the same as the height H of the upper layer
500U of FIG. 25. Thus, the height H of the cell CELL' may
be changed based on the number of the plurality of metal
lines MLL1, ML2, . . ., ML(n-1), MLn included in the upper
layer 500U.

[0250] The cell CELL' may include the plurality of active
fins 511 through 516 and the plurality of dummy fins 521
through 524. FIG. 26 shows only the plurality of active fins
511 through 516 and the plurality of dummy fins 521
through 524 that are included in the cell CELL' for conve-
nience of description. However, similarly to FIG. 20, the cell
CELL' may include a gate electrode, source/drain contacts,
input terminals, output terminals, etc.

[0251] A width W' of each of the plurality of active fins
511 through 516 and the plurality of dummy fins 521
through 524 may be substantially the same. Also, a space S'
between the plurality of active fins 511 through 516 and two
adjacent dummy fins among the plurality of dummy fins 521
through 524 may be substantially the same. Accordingly, a
pitch P' of the plurality of active fins 511 through 516 and
the plurality of dummy fins 521 through 524 may be
substantially the same as a sum of the width W' and space
S' (i.e. P=W'+S").

[0252] In some example embodiments, the width W' and
the space S' may have invariable values. In this regard, if the
plurality of active fins 511 through 516 and the plurality of
dummy fins 521 through 524 having the invariable width W'
and space S' are disposed in the cell CELL', a remainder
region RM is generated in the cell CELL'. As the number of
the plurality of metal lines M1, ML2, . .., ML(n-1), MLn
disposed on the upper layer 500U increases (i.e., as n
increases), the height H of the cell CELL' increases, and thus
the higher the height H of the cell CELL' increases, the
higher the height of the remainder region RM increases.

[0253] As described above, if the pitch P' of the plurality
of active fins 511 through 516 and the plurality of dummy
fins 521 through 524 is not changed in spite of the change
in the height H of the cell CELL', the higher the height H of
the cell CELL' increases, the higher the height of the
remainder region RM increases. If the remainder region RM
increases, wires (for example, power wires) for commonly
connecting adjacent cells are not easily disposed between
the adjacent cells.

[0254] FIG. 27 is a layout of a semiconductor IC 500B
including the upper layer 500U of FIG. 25 according to
some example embodiments of the inventive concepts.

[0255] Referring to FIG. 27, the semiconductor IC 500B
may include a cell CELL" whose size in a second direction
(for example, a Y direction), i.e. the height H, may be
determined to be the same as the height H of the upper layer
500U of FIG. 25. Thus, the height H of the cell CELL" may
be changed based on the number of the plurality of metal
lines MLL1, ML2, . . ., ML(n-1), MLn included in the upper
layer 500U.

[0256] The cell CELL" may include the plurality of active
fins 511 through 516 and the plurality of dummy fins 521
through 524. FI1G. 27 shows only the plurality of active fins
511 through 516 and the plurality of dummy fins 521
through 524 that are included in the cell CELL" for conve-
nience of description. However, similarly to FIG. 20, the cell
CELL" may include a gate electrode, source/drain contacts,
input terminals, output terminals, etc.
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[0257] A width W" of each of the plurality of active fins
511 through 516 and the plurality of dummy fins 521
through 524 may be substantially the same. In some example
embodiments, a first pitch P1" of the plurality of active fins
511 through 516 may have an invariable value, and a second
pitch P2" of the plurality of dummy fins 521 through 524
may have a variable value. In this regard, the second pitch
P2" of the plurality of dummy fins 521 through 524 may be
changed based on the height H of the cell CELL". The height
H of the cell CELL" may be changed based on the number
of the plurality of metal lines MLL1, ML2, . . ., ML(n-1),
MLn arranged in parallel to each other in a first direction.

[0258] More specifically, a space S1" between two adja-
cent active fins among the plurality of active fins 511
through 516 may have an invariable value, and thus the first
pitch P1" of the plurality of active fins 511 through 516 may
have an invariable value (i.e., P1"=W"+S1"). Meanwhile, a
space S2" between two adjacent dummy fins among the
plurality of dummy fins 521 through 524 may have a
variable value, and thus the second pitch P2" of the plurality
of dummy fins 521 through 524 may have a variable value
(i.e., P2"=W"+S2"). In this regard, the space S2" between
two adjacent dummy fins may be changed based on the
height H of the cell CELL". The height H of the cell CELL"
may be changed based on the number of the plurality of

metal lines MLL1, ML2, . . ., ML(n-1), MLn arranged in
parallel to each other in a first direction.
[0259] In some example embodiments, a space S3"

between the first dummy fin 521 and the first boundary cell
CB1 may correspond to half a space S2" between the second
dummy fin 522 and the third dummy fin 523. Also, a space
S4" between the fourth dummy fin 524 and the second
boundary cell CB2 may correspond to half the space S2"
between the second dummy fin 522 and the third dummy fin
523.

[0260] As described above, according to some example
embodiments, if the height H of the cell CELL" is changed,
the first pitch P1" of the plurality of active fins 511 through
516 may not be changed, and the second pitch P2" of the
plurality of dummy fins 521 through 524 may be changed.
Therefore, a single simulation tool for supporting the invari-
able first pitch P1" of the plurality of active fins 511 through
516 may be used to support diverse libraries according to the
change in the height H of the cell CELL". Since the first
pitch P1" of the plurality of active fins 511 through 516 is not
changed, an amount of current flowing through a fin FET is
not changed, and thus a correction is not required throughout
a process for manufacturing devices included in the semi-
conductor IC 500B.

[0261] Furthermore, the second pitch P2" of the plurality
of dummy fins 521 through 524 is adaptively changed with
respect to the height H of the cell CELL", and thus, unlike
FIG. 26, remainder regions may be uniformly arranged
substantially. Therefore, the second dummy region DR2
may secure a sufficient space for the layout of fins, and thus
a plurality of fins may be easily disposed in the second
dummy region DR2. Also, the first and third dummy regions
DR1 and DR3 may secure sufficient spaces for wires (for
example, power wires) disposed between adjacent cells for
commonly connecting the adjacent cells, and thus the wires
may be easily disposed in the first and third dummy regions
DR1 and DR3.
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[0262] FIG. 28 is a layout of an upper layer CELLa_U of
the semiconductor IC 600 according to some example
embodiments of the inventive concepts.

[0263] Referring to FIG. 28, the semiconductor IC 600
may include the cell CELLa (FIG. 29) including the upper
layer CELLa_U that may include 8 metal lines MLL1 through
ML8 arranged in parallel to each other in a first direction (for
example, an X direction). For example, a pitch of the 8 metal
lines ML1 through ML8 may be 45 and thus, the height Ha
of the cell CELLa may be 360 (=8%45). In this regard, the
pitch of the 8 metal lines MLL1 through ML8 and the height
Ha of the cell CELLa are normalized values. Likewise, all
values of pitches and heights described below are normal-
ized values.

[0264] FIG. 29 is a layout of a semiconductor IC 600A
including the upper layer CELLa_U of FIG. 28 according to
some example embodiments of the inventive concepts.
[0265] Referring to FIG. 29, the semiconductor IC 600A
may include the cell CELLa whose height Ha may be, for
example, 360. Therefore, if a minimum value of a pitch of
active fins or dummy fins that are included in the cell CELLa
is 40.5, the cell CELLa may include 8 active fins or dummy
fins (i.e., 40.5%8<360).

[0266] The cell CELLa may include the first through
fourth active fins AF1 through AF4 and the first through
fourth dummy fins DF1 through DF4 that are arranged in
parallel to each other in a first direction (for example, an X
direction), and may be divided into the first and second
active regions AR1 and AR2 and the first through third
dummy regions DR1, DR2, and DR3. More specifically, the
first active region AR1 may include the first and second
active fins AF1 and AF2, and the second active region AR2
may include the third and fourth active fins AF3 and AF4.
Also, the first dummy region DR1 may include the first
dummy fin DF1, the second dummy region DR2 may
include the second and third dummy fins DF2 and DF3, and
the third dummy region DR3 may include the fourth dummy
fin DF4.

[0267] Insome example embodiments, a width Wa of each
of the first through fourth active fins AF1 through AF4 and
the first through fourth dummy fins DF1 through DF4 may
be substantially the same. Also, a space Sla between two
adjacent active fins among the first through fourth active fins
AF1 through AF4 may have an invariable value, and thus the
first pitch P1 of the first through fourth active fins AF1
through AF4 may have an invariable value. Also, a space
S2a between two adjacent dummy fins among the first
through fourth dummy fins DF1 through DF4 may have a
variable value, and thus the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may have a
variable value. In this regard, the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may be
changed based on the height Ha of the cell CELLa.

[0268] For example, the width Wa of each of the first
through fourth active fins AF1 through AF4 and the first
through fourth dummy fins DF1 through DF4 may be 10, the
first pitch P1 of the first through fourth active fins AF1
through AF4 may be 40.5, and the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may be 58.5.
Therefore, the space S2a between the second and third
dummy fins DF2 and DF3 may be 48.5.

[0269] FIG. 30 is a layout of a semiconductor IC 600B
including the upper layer CELLa_U of FIG. 28, according to
a comparison example.
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[0270] Referring to FIG. 30, the semiconductor IC 600B
may include the cell CELLa' whose height Ha may be, for
example, 360. Therefore, if a minimum value of a pitch of
active fins or dummy fins that are included in the cell
CELLa' is 40.5, the cell CELLa' may include 8 active fins or
dummy fins (i.e., 40.5%8<360).

[0271] The cell CELLa' may include the first through
fourth active fins AF1 through AF4 and the first through
fourth dummy fins DF1 through DF4 that are arranged in
parallel to each other in a first direction (for example, an X
direction). In this regard, a width Wa' of each of the first
through fourth active fins AF1 through AF4 and the first
through fourth dummy fins DF1 through DF4 may be
substantially the same. Also, a space Sa' between two
adjacent fins among the first through fourth active fins AF1
through AF4 and the first through fourth dummy fins DF1
through DF4 may be substantially the same. Therefore, a
pitch of the first through fourth active fins AF1 through AF4
and the first through fourth dummy fins DF1 through DF4
may have an invariable value.

[0272] For example, the width Wa' of each of the first
through fourth active fins AF1 through AF4 and the first
through fourth dummy fins DF1 through DF4 may be 10,
and the pitch of the first through fourth active fins AF1
through AF4 and the first through fourth dummy fins DF1
through DF4 may be 45.

[0273] FIG. 31 is a layout of an upper layer CELLb_U of
the semiconductor IC 700 according to some example
embodiments of the inventive concepts.

[0274] Referring to FIG. 31, the semiconductor IC 700
may include the cell CELLb (FIG. 32) including the upper
layer CELLb_U that may include 9 metal lines MLL1 through
ML9 arranged in parallel to each other in a first direction (for
example, an X direction). For example, a pitch of the 9 metal
lines ML1 through ML9 may be 45 and thus, the height Hb
of the cell CELLb may be 405 (=9%45).

[0275] FIG. 32 is a layout of a semiconductor IC 700A
including the upper layer CELLb_U of FIG. 31 according to
some example embodiments of the inventive concepts.
[0276] Referring to FIG. 32, the semiconductor IC 700A
may include the cell CELLb whose height Hb may be, for
example, 405. Therefore, if a minimum value of a pitch of
active fins or dummy fins that are included in the cell CELLb
is 40.5, the cell CELLb may include 10 active fins or dummy
fins (i.e., 40.5%*10=405).

[0277] The cell CELLb may include the first through sixth
active fins AF1 through AF6 and the first through fourth
dummy fins DF1 through DF4 that are arranged in parallel
to each other in a first direction (for example, an X direc-
tion), and may be divided into the first and second active
regions AR1 and AR2 and the first through third dummy
regions DR1, DR2, and DR3. More specifically, the first
active region AR1 may include the first through third active
fins AF1, AF2, and AF3, and the second active region AR2
may include the fourth through sixth active fins AF4, AF5,
and AF6. Also, the first dummy region DR1 may include the
first dummy fin DF1, the second dummy region DR2 may
include the second and third dummy fins DF2 and DF3, and
the third dummy region DR3 may include the fourth dummy
fin DF4.

[0278] In some example embodiments, a width Wb of
each of the first through sixth active fins AF1 through AF6
and the first through fourth dummy fins DF1 through DF4
may be substantially the same. Also, a space S1b between
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two adjacent active fins among the first through sixth active
fins AF1 through AF6 may have an invariable value, and
thus the first pitch P1 of the first through sixth active fins
AF1 through AF6 may have an invariable value. Also, a
space S2b between two adjacent dummy fins among the first
through fourth dummy fins DF1 through DF4 may have a
variable value, and thus the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may have a
variable value. In this regard, the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may be
changed based on the height Hb of the cell CELLb.
[0279] For example, the width Wb of each of the first
through sixth active fins AF1 through AF6 and the first
through fourth dummy fins DF1 through DF4 may be 10, the
first pitch P1 of the first through sixth active fins AF1
through AF6 may be 40.5, and the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may be 58.5.
Therefore, the space S2b between the second and third
dummy fins DF2 and DF3 may be 30.5.

[0280] FIG. 33 is a layout of a semiconductor IC 700B
including the upper layer CELLb_U of FIG. 31, according
to a comparison example.

[0281] Referring to FIG. 33, the semiconductor IC 700B
may include the cell CELLb' whose height Hb may be, for
example, 405. Therefore, if a minimum value of a pitch of
active fins or dummy fins that are included in the cell
CELLD' is 40.5, the cell CELLb' may include 10 active fins
or dummy fins (i.e., 40.5%10<360).

[0282] The cell CELLD' may include the first through sixth
active fins AF1 through AF6 and the first through fourth
dummy fins DF1 through DF4 that are arranged in parallel
to each other in a first direction (for example, an X direc-
tion). In this regard, a width Wb' of each of the first through
sixth active fins AF1 through AF6 and the first through
fourth dummy fins DF1 through DF4 may be substantially
the same. Also, a space Sb' between two adjacent fins among
the first through sixth active fins AF1 through AF6 and the
first through fourth dummy fins DF1 through DF4 may be
substantially the same. Therefore, a pitch of the first through
sixth active fins AF1 through AF6 and the first through
fourth dummy fins DF1 through DF4 may have an invariable
value.

[0283] For example, the width Wb' of each of the first
through sixth active fins AF1 through AF6 and the first
through fourth dummy fins DF1 through DF4 may be 10,
and the pitch of the first through sixth active fins AF1
through AF6 and the first through fourth dummy fins DF1
through DF4 may be 40.5.

[0284] FIG. 34 is a layout of an upper layer CELLc_U of
the semiconductor IC 800 according to some example
embodiments of the inventive concepts.

[0285] Referring to FIG. 34, the semiconductor IC 800
may include the cell CELLc (FIG. 35) including the upper
layer CELLc_U that may include 11 metal lines ML1
through ML11 arranged in parallel to each other in a first
direction (for example, an X direction). For example, a pitch
of the 11 metal lines ML1 through ML11 may be 45 and
thus, the height He of the cell CELLc may be 495 (=11%45).
[0286] FIG. 35 is a layout of a semiconductor IC 800A
including the upper layer CELLc_U of FIG. 34 according to
some example embodiments of the inventive concepts.
[0287] Referring to FIG. 35, the semiconductor IC 800A
may include the cell CELLc whose height Hc may be, for
example, 495. Therefore, if a minimum value of a pitch of
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active fins or dummy fins that are included in the cell CELLc
is 40.5, the cell CELLc may include 12 active fins or dummy
fins (i.e., 40.5%12=495).

[0288] The cell CELLc may include the first through
eighth active fins AF1 through AF8 and the first through
fourth dummy fins DF1 through DF4 that are arranged in
parallel to each other in a first direction (for example, an X
direction), and may be divided into the first and second
active regions AR1 and AR2 and the first through third
dummy regions DR1, DR2, and DR3. More specifically, the
first active region AR1 may include the first through fourth
active fins AF1 through AF4, and the second active region
AR2 may include the fifth thorough eighth active fins AF5
through AF8. Also, the first dummy region DR1 may include
the first dummy fin DF1, the second dummy region DR2
may include the second and third dummy fins DF2 and DF3,
and the third dummy region DR3 may include the fourth
dummy fin DF4.

[0289] Insome example embodiments, a width We of each
of the first through eighth active fins AF1 through AF8 and
the first through fourth dummy fins DF1 through DF4 may
be substantially the same. Also, a space S1lc¢ between two
adjacent active fins among the first through eighth active fins
AF1 through AF8 may have an invariable value, and thus the
first pitch P1 of the first through eighth active fins AF1
through AF8 may have an invariable value. Also, a space
S2¢ between two adjacent dummy fins among the first
through fourth dummy fins DF1 through DF4 may have a
variable value, and thus the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may have a
variable value. In this regard, the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may be
changed based on the height He of the cell CELLc.

[0290] For example, the width We of each of the first
through eighth active fins AF1 through AF8 and the first
through fourth dummy fins DF1 through DF4 may be 10, the
first pitch P1 of the first through eighth active fins AF1
through AF8 may be 40.5, and the second pitch P2 of the first
through fourth dummy fins DF1 through DF4 may be 45.5.
Therefore, the space S2¢ between the second and third
dummy fins DF2 and DF3 may be 35.5.

[0291] FIG. 36 is a layout of a semiconductor IC 800B
including the upper layer CELLc_U of FIG. 34, according to
a comparison example.

[0292] Referring to FIG. 36, the semiconductor IC 800B
may include the cell CELLc' whose height Hec may be, for
example, 495. Therefore, if a minimum value of a pitch of
active fins or dummy fins that are included in the cell
CELLc' is 40.5, the cell CELLc¢' may include 12 active fins
or dummy fins (i.e., 40.5%12=495).

[0293] The cell CELLc' may include the first through
eighth active fins AF1 through AF8 and the first through
fourth dummy fins DF1 through DF4 that are arranged in
parallel to each other in a first direction (for example, an X
direction). In this regard, a width Wc' of each of the first
through eighth active fins AF1 through AF8 and the first
through fourth dummy fins DF1 through DF4 may be
substantially the same. Also, a space Sc' between two
adjacent fins among the first through eighth active fins AF1
through AF8 and the first through fourth dummy fins DF1
through DF4 may be substantially the same. Therefore, a
pitch of the first through eighth active fins AF1 through AF8
and the first through fourth dummy fins DF1 through DF4
may have an invariable value.
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[0294] For example, the width Wc¢' of each of the first
through eighth active fins AF1 through AF8 and the first
through fourth dummy fins DF1 through DF4 may be 10,
and the pitch of the first through eighth active fins AF1
through AF8 and the first through fourth dummy fins DF1
through DF4 may be 41.25.

[0295] Referring to FIGS. 28 through 36, as the number of
metal lines in FIGS. 28, 31, and 34 are increased to 8, 9, and
11, respectively, heights of cells are also increased to 360,
405, and 495. As shown in FIGS. 30, 33, and 36, if a pitch
of active fins and dummy fins is changed adaptively with
respect to changes in the heights of the cells, a plurality of
libraries needs to be prepared according to a change in the
pitch, and a plurality of simulation tools for supporting the
plurality of libraries needs to be prepared. Therefore, it is not
relatively easy to adaptively implement a fin FET with
respect to the changes in the heights of the cells.

[0296] However, in some example embodiments, as
shown in FIGS. 29, 32, and 35, if the pitch of the dummy fins
is adaptively changed with respect to the changes in the
heights of the cells and the pitch of the active fins is not
changed, a single simulation tool may be used to support the
plurality of libraries. Therefore, it is relatively easy to
adaptively implement the fin FET with respect to the
changes in the heights of the cells.

[0297] FIG. 37 is a layout of a semiconductor IC 900
including a power region according to some example
embodiments of the inventive concepts.

[0298] Referring to FIG. 37, the semiconductor IC 900
may include first and second cells CELL1 and CELL2 that
are disposed to be adjacent to each other in a second
direction (for example, a Y direction). The first cell CELL1
may include an active region ARa and dummy regions DR1a
and DR2a. The second cell CELL2 may include an active
region ARb and dummy regions DR1b and DR2b. As
described above, FIG. 37 shows a lower part of the first cell
CELL1 and an upper part of the second cell CELL2 for
convenience of description.

[0299] The active region ARa of the first cell CELL1 may
include a plurality of active fins AFla, AF1b, and AF1c, and
may further include a gate electrode Ga disposed to cross the
plurality of active fins AFla, AF15b, and AF1c. Similarly, the
active region ARb of the second cell CELL2 may include a
plurality of active fins AF2a, AF2b, and AF2c¢, and may
further include a gate electrode Gb disposed to cross the
plurality of active fins AF2a, AF2b, and AF2c. As described
above, although FIG. 37 shows active fins and a single gate
electrode for convenience of description, similar to FIG. 20,
the first and second cells CELL1 and CELL2 may further
include dummy fins, a gate electrode, source/drain contacts,
input terminals, an output terminal, etc.

[0300] According to some example embodiments, a power
line PW may be disposed in a boundary region between the
first and second cells CELL1 and CELL?2. In other words,
the lower dummy region DR2a included in the first cell
CELL1 and the upper dummy region DR154 included in the
second cell CELL2 may correspond to the power region in
which the power line PW for supplying power to the
plurality of active fins AFla, AF1b, and AF1c¢ included in
the first cell CELL1 and the plurality of active fins AF2a,
AF2b, and AF2c¢ included in the second cell CELL2 is
disposed.

[0301] A space greater than a sum (i.e., W p;p+S o5 +S o)
of'a minimum width W ;. of the power line PW, a minimum
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space Spy, between the power line PW and the adjacent
active fin AFlc, and a minimum space S5, between the
power line PW and the adjacent active fin AF2a needs to be
secured for the layout of the power line PW. According to
some example embodiments, a pitch of dummy fins may be
adaptively changed with respect to changes in heights of the
first and second cells CELL1 and CELL2. The pitch of the
dummy fins may be greater than or the same as a pitch of
active fins. Accordingly, the power region for the layout of
the power line PW may be sufficiently secured, and a further
enough layout for the power line PW may be secured.

[0302] FIG. 38 is a layout of a semiconductor IC 1000
including a middle region according to some example
embodiments of the inventive concepts.

[0303] Referring to FIG. 38, the semiconductor IC 1000
may include a cell CELL3 that may include the plurality of
active fins AF1 through AF6 and may further include a gate
electrode G disposed to cross the plurality of active fins AF1
through AF6. As described above, although FIG. 38 shows
active fins and a single gate electrode for convenience of
description, similar to FIG. 20, the cell CELL3 may further
include dummy fins, a gate electrode, source and drain
contacts, input terminals, an output terminal, etc.

[0304] The cell CELL3 may be divided into the first and
second active regions AR1 and AR2 and the first through
third dummy regions DR1, DR2, and DR3. According to
some example embodiments, the second dummy region
DR2 may correspond to the middle region (for example, an
MOL region) in which an input and output terminal, i.e., an
input and output contact CT, with respect to the cell CELL3
is disposed.

[0305] A space greater than a sum (i.e., Wz+Sp+Scozm)
of a minimum width W . of the input and output contact CT,
a minimum space S, between the input and output contact
CT and the adjacent upper active fin AF3, and a minimum
space S, between the input and output contact CT and the
adjacent lower active fin AF4 needs to be secured for the
layout of the input and output contact CT. According to some
example embodiments, a pitch of dummy fins may be
adaptively changed with respect to a change in the height of
the cell CELL3. The pitch of the dummy fins may be greater
than or the same as a pitch of active fins. Accordingly, the
middle region for the layout of the input and output contact
CT may be sufficiently secured, and a further enough layout
for the input and output contact CT may be secured.

[0306] FIG. 39 is a schematic diagram of a memory card
1100 including a semiconductor IC according to some
example embodiments of the inventive concepts.

[0307] Referring to FIG. 39, the memory card 1100 may
include a controller 1110 and a memory 1120 that may
exchange electric signals with each other. For example,
when the controller 1110 transmits a command to the
memory 1120, the memory 1120 may transmit data to the
controller 1110.

[0308] The controller 1110 and the memory 1120 may
include a semiconductor IC according to some example
embodiments of the inventive concepts. In particular, at least
one of a plurality of semiconductor devices included in the
controller 1110 and the memory 1120 may include a fin FET
including active fins having an invariable pitch and dummy
fins having a variable pitch. In particular, the controller 1110
and the memory 1120 may include the fin FET or the
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semiconductor IC including the fin FET described in some
example embodiments of the inventive concepts described
above.

[0309] The memory card 1100 may include any of a
variety of memory cards, for example, a memory stick card,
a smart media (SM) card, a secure digital (SD) card, a mini
SD card, and a multimedia card (MMC).

[0310] FIG. 40 is a schematic diagram of a computing
system 2000 including a semiconductor IC according to
some example embodiments of the inventive concepts.
[0311] Referring to FIG. 40, the computing system 2000
may include a processor 2100, a memory device 2200, a
storage device 2300, a power supply 2400, and an input/
output (I/0) unit 2500. Although not illustrated in FIG. 40,
the computing system 2000 may further include ports for
communication with a video card, a sound card, a memory
card, or a universal serial bus (USB), or with other electronic
devices.

[0312] The processor 2100, the memory device 2200, the
storage device 2300, the power supply 2400, and the I/O unit
2500 in the computing system 2000 may include a semi-
conductor IC according to some example embodiments of
the inventive concepts. In particular, at least one of a
plurality of semiconductor devices included in the processor
2100, the memory device 2200, the storage device 2300, the
power supply 2400, and the /O unit 2500 may include a fin
FET including active fins having an invariable pitch and
dummy fins having a variable pitch. In particular, the
processor 2100, the memory device 2200, the storage device
2300, the power supply 2400, and the /O unit 2500 in the
computing system 2000 may include the fin FET or the
semiconductor IC including the fin FET described in some
example embodiments of the inventive concepts described
above.

[0313] The processor 2100 may perform specific compu-
tations or tasks. In some example embodiments, the proces-
sor 2100 may be a micro-processor, a central processing unit
(CPU), or the like. The processor 2100 may communicate
with the memory device 2200, the storage device 2300, and
the /O unit 2500 via a bus 2600, for example, an address
bus, a control bus, and a data bus. In some example
embodiments, the processor 2100 may be connected with an
extended bus, such as a peripheral component interconnect
(PCI) bus.

[0314] The memory device 2200 may store data used for
operation of the computing system 2000. For example, the
memory device 2200 may be implemented as a dynamic
random access memory (DRAM), a mobile DRAM, a static
random access memory (SRAM), a parameter random
access memory (PRAM), a ferroelectric random access
memory (FRAM), a resistive random access memory
(RRAM), and/or a magnetoresistive random access memory
(MRAM). The storage device 2300 may include, for
example, a solid state drive, a hard disk drive, or a compact
disc read-only memory (CD-ROM).

[0315] The I/O unit 2500 may include an input unit such
as a keyboard, a keypad, or a mouse, and an output unit such
as a printer or a display. The power supply 2400 may supply
an operating voltage to the computing system 2000.
[0316] The semiconductor ICs according to some example
embodiments of the inventive concepts described above may
be implemented as any of a variety of package forms. For
example, at least some elements of the semiconductor IC
chip may be mounted using packages, for example, Package
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on Package (PoP), Ball grid arrays (BGAs), Chip scale
packages (CSPs), Plastic Leaded Chip Carrier (PLCC),
Plastic Dual In-Line Package (PDIP), Die in Waflle Pack,
Die in Wafer Form, Chip On Board (COB), Ceramic Dual
In-Line Package (CERDIP), Plastic Metric Quad Flat Pack
(MQFP), Thin Quad Flatpack (TQFP), Small Outline IC
(SOIC), Shrink Small Outline Package (SSOP), Thin Small
Outline (TSOP), System In Package (SIP), Multi Chip
Package (MCP), Wafer-level Fabricated Package (WFP),
and Wafer-Level Processed Stack Package (WSP).

[0317] While example embodiments have been particu-
larly shown and described, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the present invention as defined by the
following claims.

What is claimed is:

1. A semiconductor integrated circuit (IC), comprising:

at least one cell having at least one fin field-effect tran-

sistor (FET);

wherein the at least one cell comprises a plurality of fins

that extend in a first direction and are arranged in

parallel to each other in a second direction that is
perpendicular to the first direction,

wherein the at least one cell comprises a plurality of metal

lines extending in the first direction and arranged in

parallel to each other in the second direction,

wherein a size of the at least one cell in the second
direction corresponds to a number and a pitch of the
plurality of fins,

wherein the plurality of metal lines comprises two power

lines arranged at both ends of the at least one cell in the

second direction and a plurality of wires between the
power lines, and

wherein the plurality of fins include a plurality of active

fins and a plurality of dummy fins.

2. The semiconductor IC of claim 1, wherein the plurality
of active fins are adjacent to each other; and

the plurality of dummy fins are adjacent to each other.

3. The semiconductor IC of claim 1, wherein the metal
lines have a same width.

4. The semiconductor IC of claim 1, wherein the wires
have a same width.

5. The semiconductor IC of claim 1, wherein a width of
each of the power lines is greater than a width of each of the
wires.

6. A semiconductor integrated circuit (IC), comprising:

at least one cell having at least one fin field-effect tran-

sistor (FET);

wherein the at least one cell comprises,

a first region comprising a plurality of active fins
arranged in parallel to each other in a first direction;
and

a second region comprising a plurality of dummy fins
arranged in parallel to the plurality of active fins; and

wherein the second region further comprises,

a power region in which a power line configured to
supply power to the plurality of active fins is dis-
posed; and

at least one middle region in which input and output
terminals with respect to the at least one cell are
disposed.

7. The semiconductor IC of claim 6, wherein the first
region includes no dummy fins.
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8. The semiconductor IC of claim 6, wherein the second
region includes no active fins.

9. The semiconductor IC of claim 6, wherein a first pitch
of the active fins is less than a second pitch of the dummy
fins.

10. The semiconductor IC of claim 6, wherein the active
fins and the dummy fins have a same width.

11. The semiconductor IC of claim 6, wherein the first
region includes no dummy fins, and

wherein the second region includes no active fins.

12. The semiconductor IC of claim 6, wherein the first
region further comprises:

a first active region; and

a second active region; and
wherein the second region further comprises,

a first dummy region between a first cell boundary of the

at least one cell and the first active region;

a second dummy region between the first active region

and the second active region; and

a third dummy region between a second cell boundary of

the at least one cell and the second active region.

13. A semiconductor integrated circuit (IC), comprising:

at least one cell having at least one fin field-effect tran-

sistor (FET);
wherein the at least one call comprises a first region, and
a second region that does not overlap the first region,

wherein the first region comprises at least two active fins
arranged in parallel to each other with a first pitch, the
first pitch being irrespective of a height of the at least
one cell,

wherein the second region comprises at least two dummy

fins arranged in parallel to each other with a second
pitch, the second pitch being determined based on the
height of the at least one cell.

14. The semiconductor IC of claim 13, wherein the second
pitch is greater than or equal to the first pitch.

15. The semiconductor IC of claim 13, wherein the first
region includes no dummy fins, and

wherein the second region includes no active fins.

16. The semiconductor IC of claim 13, wherein two or
more of the at least two active fins are arranged consecu-
tively in a direction that is perpendicular to an arrangement
direction of the at least two active fins,

wherein two or more of the at least two dummy fins are

arranged consecutively in a direction that is perpen-
dicular to an arrangement direction of the at least two
dummy fins, or

wherein two or more of the at least two active fins are

arranged consecutively in the direction that is perpen-
dicular to the arrangement direction of the at least two
active fins, and two or more of the at least two dummy
fins are arranged consecutively in the direction that is
perpendicular to the arrangement direction of the at
least two dummy fins.

17. The semiconductor IC of claim 1, wherein the pitch of
the fins has a constant value irrespective of the number of
fins included in the at least one cell, and

wherein the number of fins is determined according to a

number of the metal lines included in the at least one
cell.

18. The semiconductor IC of claim 6, wherein the at least
one cell further comprises a plurality of metal lines arranged
in parallel to the active fins and dummy fins, and above the
first and second regions, and
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wherein a pitch of the dummy fins is determined accord-
ing to a number of the metal lines included in the at
least one cell.

19. The semiconductor IC of claim 13, wherein the at least
one cell further comprises a plurality of metal lines arranged
in parallel to the active fins and dummy fins, and above the
first and second regions, and

wherein the second pitch is determined according to a

number of the metal lines included in the at least one
cell.



