SEMICONDUCTOR DEVICE

[0001] This application claims the benefit of Korean Patent Application No.
10-2017-0072531, filed on June 9, 2017, in the Korean Intellectual Property Office, the

disclosure of which is incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] The present inventive concept relates to semiconductor devices.

BACKGROUND

[0003] As semiconductor devices are required to be smaller and more highly integrated, area
integration is becoming one of the most important factors to consider in the design of
semiconductor layout.  This is because circuits having the same function can be
implemented in different layouts, and the overall performance of a semiconductor device can
be improved through an appropriate layout.

[0004] Therefore, various methods have been implemented to minimize the area when
implementing a cross gate connection circuit required in a cell, such as a multiplexer (MUX)
or a flipflop. In particular, research is being conducted on a method of improving the space
efficiency of the whole layout according to the arrangement of gate contacts and source/drain

contacts.

SUMMARY

[0005] Aspects of the inventive concept provide a semiconductor device with improved
operating performance, but aspects of the inventive concept are not restricted to the ones set
forth herein. These and other aspects of the inventive concept will become more apparent to
one of ordinary skill in the art to which the inventive concept pertains by referencing the
detailed description of the inventive concept given below.

[0006] According to some embodiments of the inventive concept, a semiconductor device
includes a substrate, first, second, third and fourth bottom contacts in the substrate, and first,
second, third and fourth active fins on respective ones of the first, second, third and fourth
bottom contacts, the second and third fins overlapping in a first direction. First, second and
third gate electrodes extend longitudinally in the first direction, the first and second gate
electrodes disposed on side surfaces of respective ones of the first and fourth active fins and

the third gate electrode disposed on side surfaces of the second and third active fins. A first
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top contact is on the first and second active fins and a second top contact is on the third and
fourth active fins.

[0007] According to further embodiments, a semiconductor device includes first, second,
third, fourth and fifth gate electrodes extending longitudinally in a first direction and spaced
apart in a second direction, first and second active fins surrounded by the first gate electrode
and spaced apart in the first direction, a third active fin surrounded by the second gate
electrode, fourth and fifth active fins surrounded by the third gate electrode and spaced apart
in the first direction, a sixth active fin surrounded by the fourth gate electrode, and seventh
and eighth active fins surrounded by the fifth gate electrode and spaced apart in the first
direction. The device further includes a first top contact connecting the third and fourth
active fins and a second top contact connecting the fifth and sixth active fins.

[0008] Additional embodiments provide a semiconductor device including first, second, third
and fourth active fins on a substrate, a first gate electrode extending longitudinally in a first
direction and on side surfaces of the first active fin, a second gate electrode extending
longitudinally in the first direction and on side surfaces of the second and third active fins,
and a third gate electrode extending longitudinally in the first direction and on side surfaces
of the fourth active fin. A first top contact is on the first and second active fins and
electrically connects the first and second active fins. A second top contact is on the third
and fourth active fins and electrically connects the third and fourth active fins. The first gate
electrode and the first active fin are components of a first transistor, the second gate electrode
and the second active fin are components of a second transistor, the second gate electrode and
the third active fin are components of third transistor, and the third gate electrode and the
fourth active fin are components of a fourth transistor. Drain nodes of the first and second
transistors are electrically connected by the first top contact, and drain nodes of the third and

fourth transistors are electrically connected by the second top contact.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] These and/or other aspects will become apparent and more readily appreciated from
the following description of the embodiments, taken in conjunction with the accompanying
drawings in which:
[0010] FIG. 1 is a circuit diagram of a gate connection circuit for explaining a semiconductor
device according to some embodiments;
[0011] FIG. 2 is a layout diagram of a semiconductor device according to some

embodiments;



[0012] FIG. 3 is a layout diagram illustrating the structure of a level higher than that of the

layout diagram of FIG. 2 in detail;

[0013] FIG. 4 is a layout diagram illustrating the structure of a level higher than those of the

layout diagrams of FIG. 2 and FIG. 3 in detail;

[0014] FIG. 5 is a layout diagram obtained by matching FIG. 1 with FIG. 3;

[0015] FIG. 6 is a vertical scheme diagram for explaining the vertical structure of FIGS. 2

through 5;

[0016] FIG. 7 is an enlarged cross-sectional view of a portion C in FIG.

[0017] FIG. 8 is a layout diagram of a semiconductor device

embodiments;

[0018] FIG. 9 is a layout diagram of a semiconductor

embodiments;
[0019] FIG. 10
embodiments;
[0020] FIG. 11
embodiments;
[0021] FIG. 12
embodiments;
[0022] FIG. 13
embodiments;
[0023] FIG. 14
embodiments;
[0024] FIG. 15

embodiments;
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[0025] FIG. 16 is a layout diagram illustrating the structure of a level higher than that of the

layout diagram of FIG. 15 in detail;

[0026] FIG. 17 is a layout diagram of a semiconductor device according to

embodiments;

[0027] FIG. 18 is a layout diagram of a semiconductor device according to

embodiments; and

[0028] FIG. 19 is a layout diagram of a semiconductor device according to

embodiments.
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DETAILED DESCRIPTION
[0029] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIGS. 1 through 7.
[0030] FIG. 1 is a circuit diagram of a gate connection circuit for explaining a semiconductor
device according to some embodiments. FIG. 2 is a layout diagram of a semiconductor
device according to some embodiments. FIG. 3 is a layout diagram illustrating the structure
of a level higher than that of the layout diagram of FIG. 2 in detail. FIG. 4 is a layout
diagram illustrating the structure of a level higher than those of the layout diagrams of FIG. 2
and FIG. 3 in detail. FIG. 5 is a layout diagram obtained by matching FIG. 1 with FIG. 3.
FIG. 6 is a vertical scheme diagram for explaining the vertical structure of FIGS. 2 through 5.
FIG. 7 is an enlarged cross-sectional view of a portion C in FIG. 6.
[0031] Referring to FIG. 1, a semiconductor device according to some embodiments includes
first through eighth transistors TR1 through TR8.The first, second, third and fourth transistors
TR1 through TR4 may be p-type, i.e., PMOS transistors, and the fifth through eighth
transistors TRS through TR8 may be n-type, i.e., NMOS transistors.
[0032] The first transistor TR1 may have a gate node connected to a node A and a source
node connected to a node VDD. The node VDD may be a node having a voltage
corresponding to a logic high or 'l." A drain node of the first transistor TR1 may be
connected to a source node of the second transistor TR2. The second transistor TR2 may
have a gate node connected to a node Sa. A drain node of the second transistor TR2 may be
connected to a node Y1.
[0033] The third transistor TR3 may have a gate node connected to a node SO and a source
node connected to a drain node of the fourth transistor TR4. A drain node of the third
transistor TR3 may be connected to a node Y2.
[0034] The fourth transistor TR4 may have a gate node connected to a node B and a source
node connected to the node VDD. The drain node of the fourth transistor TR4 may be
connected to the source node of the third transistor TR3.
[0035] The fifth transistor TR5 may have a gate node connected to the node A and a source
node connected to a node GND. The node GND may be a ground node having a voltage
corresponding to a logic low or '0." A drain node of the fifth transistor TR5 may be
connected to a source node of the sixth transistor TR6.
[0036] The sixth transistor TR6 may have a gate node connected to the node SO and the
source node connected to the drain node of the fifth transistor TR5. A drain node of the

sixth transistor TR6 may be connected to the node Y1.
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[0037] The seventh transistor TR7 may have a gate node connected to a node Sb and a
source node connected to a drain node of the eighth transistor TR8. A drain node of the
seventh transistor TR7 may be connected to the node Y2.

[0038] The eighth transistor TR8 may have a gate node connected to the node B and a source
node connected to the node GND. The drain node of the eighth transistor TR8 may be
connected to the source node of the seventh transistor TR7.

[0039] The gate node of the first transistor TR1 and the gate node of the fifth transistor TRS
may be electrically connected to each other at the node A, and the gate node of the fourth
transistor TR4 and the gate node of the eighth transistor TR8 may be electrically connected to
each other at the node B.

[0040] In addition, the gate node of the third transistor TR3 and the gate node of the sixth
transistor TR6 may be electrically connected to each other at the SO node. Accordingly, a
gate connection circuit in which gates are connected to each other in an intersecting manner
may be formed.

[0041] The drain node of the second transistor TR2 and the drain node of the third transistor
TR3 may be electrically connected to each other at the node Y1, and the drain node of the
sixth transistor TR6 and the drain node of the seventh transistor TR7 may be electrically
connected to each other at the node Y2.

[0042] If necessary, the node Sa and the node Sb may be connected to each other, and the
node Y1 and the node Y2 may be connected to each other.

[0043] The layout and vertical structure of a semiconductor device according to some
embodiments that realizes the circuit of FIG. 1 will now be described with reference to FIGS.
2 through 7. In the layout and vertical structure of the current embodiments, structures at a
plurality of levels overlap. Therefore, the structures for the various levels will be described
sequentially for the sake of convenience.

[0044] Referring first to FIGS 2, 6 and 7, a semiconductor device according to some
embodiments includes a substrate 100, first, second, third and fourth bottom contacts BC1
through BC4, first through eighth active fins F1 through F8, first through fifth gate electrodes
G1 through G5, and first and second dummy gate electrodes DG1 and DG2. The substrate
100 may be, for example, a bulk silicon substrate or a silicon-on-insulator (SOI) substrate.
In some embodiments, the substrate 100 may include, for example, silicon germanium,
indium antimonide, lead telluride, indium arsenide, indium phosphide, gallium arsenide or
gallium antimonide. In some embodiments, the substrate 100 may consist of a base

substrate and an epitaxial layer formed on the base substrate.
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[0045] The substrate 100 may have first, second, third and fourth bottom contacts BC1
through BC4. The first, second, third and fourth bottom contacts BC1 through BC4 may be
formed on the substrate 100. Regions where the first, second, third and fourth bottom
contacts BC1 through BC4 are formed may be buried in the substrate 100. In particular,
since the first, second, third and fourth bottom contacts BC1 through BC4 are buried in part
of the substrate 100, an upper surface of the substrate 100 may be higher than lower surfaces
of the first, second, third and fourth bottom contacts BC1 through BC4.

[0046] The first bottom contact BC1 and the second bottom contact BC2 may be spaced
apart from each other in a first direction X. In addition, the first bottom contact BC1 and the
second bottom contact BC2 may substantially overlap in the first direction X, within
tolerances arising from the fabrication process.

[0047] A second direction Y may be a direction intersecting the first direction X. The
second direction Y may be, but is not limited to, perpendicular to the first direction X. A
third direction Z may be a direction crossing the first direction X and the second direction Y.
The third direction Z may be, but is not limited to, a direction crossing the first direction X
and the second direction Y. For convenience, the following description assumes that the
first direction X, the second direction Y and the third direction Z are orthogonal.

[0048] The third bottom contact BC3 and the fourth bottom contact BC4 may be spaced
apart from each other in the first direction X. In addition, the third bottom contact BC3 and
the fourth bottom contact BC4 may substantially overlap in the first direction X. The first
bottom contact BC1 and the second bottom contact BC2 may be spaced apart from each other
by a first distance d1 in the first direction X, and the third bottom contact BC3 and the fourth
bottom contact BC4 may be spaced apart from each other by a second distance d2 in the first
direction X.

[0049] The first bottom contact BC1 and the second bottom contact BC2 may be spaced
apart from the third bottom contact BC3 and the fourth bottom contact BC4 in the second
direction Y. In particular, the first bottom contact BC1 and the second bottom contact BC2
may be located at the same level in the second direction Y, and the third bottom contact BC3
and the fourth bottom contact BC4 may be located at the same level in the second direction
Y.

[0050] The first bottom contact BC1 and the third bottom contact BC3 may overlap in the
second direction Y. Since the third bottom contact BC3 is longer than the first bottom

contact BC1 in the first direction X, the whole of the first bottom contact BC1 may overlap



the third bottom contact BC3, whereas only part of the third bottom contact BC3 overlaps the
first bottom contact BC1.

[0051] The second bottom contact BC2 and the fourth bottom contact BC4 may overlap in
the second direction Y. Since the second bottom contact BC2 is longer than the fourth
bottom contact BC4 in the first direction X, the whole of the fourth bottom contact BC4 may
overlap the second bottom contact BC2, whereas only part of the second bottom contact BC2
overlaps the fourth bottom contact BC4.

[0052] The second bottom contact BC2 and the third bottom contact BC3 may overlap in the
second direction Y. Since the second bottom contact BC2 and the third bottom contact BC3
are not aligned with each other in the first direction X, they may only partially overlap in the
second direction Y.

[0053] The first through eighth active fins F1 through F8 may be formed on the substrate 100,
in particular, on the first, second, third and fourth bottom contacts BC1 through BC4.
Specifically, the first active fin F1 and the second active fin F2 may be formed on the first
bottom contact BC1, and the third active fin F3 and the fourth active fin F4 may be formed on
the second bottom contact BC2. The fifth active fin F5 and the sixth active fin F6 may be
formed on the third bottom contact BC3, and the seventh active fin F7 and the eighth active
fin F8 may be formed on the fourth bottom contact BC4.

[0054] The first, second, third and fourth active fins F1 through F4 may have n-type
conductivity, and the fifth through eighth active fins F5 through F8 may have p-type
conductivity. This is because the first, second, third and fourth active fins F1 through F4
may be components of PMOS transistors, and the fifth through eighth active fins F5 through
F8 components of NMOS transistors. The first through eighth active fins F1 through F8
may extend in the second direction Y, wherein the 'extending' direction of an element refers
to a direction in which longer sides of the element extend.

[0055] The first, second, third and fourth active fins F1 through F4 may completely overlap
in the first direction X. The fifth through eighth active fins F5 through F8 may completely
overlap in the first direction X. However, since the first, second, third and fourth active fins
F1 through F4 are spaced apart from the fifth through eighth active fins F5 through F8 in the
first direction X, they may not overlap in the second direction Y.

[0056] The first active fin F1 and the fifth active fin F5S may be aligned with each other in the
second direction Y. The third active fin F3 and the sixth active fin F6 may be aligned with
each other in the second direction Y. The fourth active fin F4 and the eighth active fin F8

may be aligned with each other in the second direction Y.
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[0057] First through fifth gate electrodes G1 through G5 may be formed on the substrate 100.
The first through fifth gate electrodes G1 through G5 may extend in the second direction Y.
The first through fifth gate electrodes G1 through G5 may be spaced apart from each other in
the first direction X.

[0058] The first through fifth gate electrodes G1 through G5 may cover side surfaces of the
first through eighth active fins F1 through F8, respectively. Specifically, the first gate
electrode G1 may cover the side surfaces of the first active fin F1 and the fifth active fin F5.
The second gate electrode G2 may cover the side surfaces of the second active fin F2.

[0059] The third gate electrode G3 may cover the side surfaces of the third active fin F3 and
the sixth active fin F6. The fourth gate electrode G4 may cover the side surfaces of the
seventh active fin F7. The fifth gate electrode G5 may cover the side surfaces of the fourth
active fin F4 and the eighth active fin F8.

[0060] The first and second dummy gate electrodes DG1 and DG2 may extend on the
substrate 100 in the second direction Y. The first and second dummy gate electrodes DG1
and DG2 may be spaced apart from each other in the first direction X. Specifically, the first
dummy gate electrode DG1 may be located between the second gate electrode G2 and the
third gate electrode G3 in the first direction X. The second dummy gate electrode DG2 may
be located between the third gate electrode G3 and the fourth gate electrode G4 in the first
direction X.

[0061] Therefore, the first through fifth gate electrodes G1 through G5 and the first and
second dummy gate electrodes DG1 and DG2 may be arranged in the order of the first gate
electrode G1, the second gate electrode G2, the first dummy gate electrode DG, the third
gate electrode G3, the second dummy gate electrode DG2, the fourth gate electrode G4 and
the fifth gate electrode G5 in the first direction X.

[0062] The first gate electrode G1 and the second gate electrode G2 may be formed on the
first bottom contact BC1, and the third gate electrode G3, the second dummy gate electrode
DG?2, the fourth gate electrode G4 and the fifth gate electrode G5 may be formed on the
second bottom contact BC2.

[0063] The first gate electrode G1, the second gate electrode G2, the first dummy gate
electrode DG1 and the third gate electrode G3 may be formed on the third bottom contact
BC3, and the fourth gate electrode G4 and the fifth gate electrode G5 may be formed on the
fourth bottom contact BC4.

[0064] The first and second dummy gate electrodes DG1 and DG2 may be disposed in a

space between the first bottom contact BC1 and the second bottom contact BC2 and a space
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between the third bottom contact BC3 and the fourth bottom contact BC4, respectively. One
of the reasons why the first and second dummy gate electrodes DG1 and DG2 are provided is
to make it easy to separate the first, second, third and fourth bottom contacts BC1 through
BC4. In particular, the first and second dummy gate electrodes DG1 and DG2 may be
provided to secure a space margin for separating the first, second, third and fourth bottom
contacts BC1 through BC4.

[0065] FIG. 6 is a vertical scheme diagram for explaining the layout structure of the current
embodiments. FIG. 6 is not a cross-sectional view of a specific portion, but is a reference
drawing for showing an exemplary vertical relationship in a general case. Therefore, the
diagram of FIG. 6 may be different from what a semiconductor device according to some
embodiments actually looks and may only show relative and approximate vertical
relationships. However, the vertical structure in the layout diagrams of FIGS. 2 through 5
can be understood in more detail with reference to FIG. 6.

[0066] In FIG. 6, bottom contacts BC corresponding to the first, second, third and fourth
bottom contacts BC1 through BC4 of the current embodiments, a gate electrode G
corresponding to the first through fifth gate electrodes G1 through GS5, active fins F
corresponding to the first through eighth active fins F1 through F8 are illustrated. The first
and second dummy gate electrodes DG1 and DG2 may be formed at a height level
corresponding to that of the gate electrodes G.

[0067] The bottom contacts BC may be buried in a substrate 100, and the gate electrode G
and the active fins F may be formed on the bottom contacts BC.

[0068] In particular, the bottom contacts BC and the substrate 100 may exist at a buried level
LVO below an upper surface of the substrate 100, and the gate electrode G and the active fins
F may be formed at a first level LV1 higher than the buried level LVO.

[0069] FIG. 7 is an enlarged cross-sectional view illustrating the actual cross-sectional shape
of the portion C in FIG. 6. Since FIG. 7 is an enlarged view of a portion of FIG. 6, it may
also be different from what a semiconductor device according to some embodiments actually
looks. However, the vertical structure in the layout diagrams of FIGS. 2 through 5 can be
understood in more detail with reference to FIG. 7.

[0070] Referring to FIG. 7, a first interlayer insulating film 200 may be further interposed
between the substrate 100 and a bottom contact BC, the gate electrode G and an active fin F.
Therefore, the gate electrode G may actually not contact the substrate 100 and the bottom

contact BC. A first source/drain region SD1 may be formed between the active fin F and the



bottom contact BC. The first source/drain region SD1 may also not contact the gate
electrode G due to the first interlayer insulating film 200.

[0071] Referring to FIGS. 3, 6 and 7, a semiconductor device according to some
embodiments includes first and second power contacts VC1 and VC2, first through sixth top
contacts TC1 through TC6, first through fifth gate contacts GC1 through GCS5, and first
through ninth vias V1 through V9.

[0072] The first and second power contacts VC1 and VC2 may extend on the substrate 100
in the first direction X. The first and second power contacts VC1 and VC2 may be spaced
apart from each other in the second direction Y. The above-described elements may be
disposed between the first and second power contacts VC1 and VC2 in the second direction
Y. In particular, the first, second, third and fourth bottom contacts BC1 through BC4, the
first through fifth gate electrodes G1 through G5, the first and second dummy gate electrodes
DG1 and DG2, and the first through eighth active fins F1 through F8 may be disposed
between the first and second power contacts VC1 and VC2 in the second direction Y.

[0073] Specifically, the first power contact VC1 may be disposed adjacent to the first,
second, third and fourth active fins F1 through F4 in the second direction Y, and the second
power contact VC2 may be disposed adjacent to the fifth through eighth active fins F5
through F8 in the second direction Y. The first and second power contacts VC1 and VC2
may be spaced apart from the first through fifth gate electrodes G1 through G5 and the first
and second dummy gate electrodes DG1 and DG?2 in the second direction Y.

[0074] The first through sixth top contacts TC1 through TC6 may be formed on the first
through eighth active fins F1 through F8. The first through sixth top contacts TC1 through
TC6 may be formed on the first through fifth gate electrodes G1 through G5 and the first and
second dummy gate electrodes DG1 and DG2.

[0075] Specifically, the first top contact TC1 may be formed on second active fin F2, the
third active fin F3, the second gate electrode G2, the third gate electrode G3 and the first
dummy gate electrode DG1. The first top contact TC1 may extend in the first direction X.
The first top contact TC1 may electrically connect the second active fin F2 and the third
active fin F3.

[0076] The second top contact TC2 may be formed on the sixth active fin F6, the seventh
active fin F7, the third gate electrode G3, the fourth gate electrode G4 and the second dummy
gate electrode DG2. The second top contact TC2 may extend in the first direction X. The
first top contact TC1 may electrically connect the sixth active fin F6 and the seventh active

fin F7.
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[0077] The third top contact TC3 may be formed on the first active fin F1 and the first gate
electrode G1. The third top contact TC3 may electrically connect the first active fin F1 and
the first power contact VCI.

[0078] The fourth top contact TC4 may be formed on the fifth active fin F5 and the first gate
electrode G1. The fourth top contact TC4 may electrically connect the fifth active fin F5
and the second power contact VC2.

[0079] The fifth top contact TC5 may be formed on the fourth active fin F4 and the fifth gate
electrode G5. The fifth top contact TC5 may electrically connect the fourth active fin F4
and the first power contact VCI.

[0080] The sixth top contact TC6 may be formed on the eighth active fin F8 and the fifth
gate electrode G5. The sixth top contact TC6 may electrically connect the eighth active fin
F8 and the second power contact VC2.

[0081] In FIG. 6, top contacts TC corresponding to the first through sixth top contacts TC1
through TC6 of the current embodiments and power contacts VC corresponding to the first
and second power contacts VC1 and VC2 are illustrated.

[0082] The top contacts TC may be formed at a second level LV2 on the active fins F and
the gate electrode G, and the power contacts VC may pass through the first level LV1 and the
second level LV2. Since the top contacts TC and the power contacts VC can be formed
together in a single process, when the top contacts TC and the power contacts VC are in
contact with each other, it may mean that their side surfaces are integrally connected to each
other. However, the inventive concept is not limited to this case.

[0083] The power contacts VC may be formed on the bottom contacts BC to connect the
bottom contacts BC to structures (i.e., vias V and wirings M) disposed on the power contacts
VC. In some embodiments, the power contacts VC may be connected to the side surfaces of
the top contacts TC to connect the top contacts TC to the structures disposed on the power
contacts VC. In the current embodiments, the first, second, third and fourth bottom contacts
BC1 through BC4 may not contact the first and second power contacts VC1 and VC2, and the
first and second power contacts VC1 and VC2 may contact the first through sixth top contacts
TC1 through TC6.

[0084] Each of the power contacts VC may act as any one of power rail structures in a final
structure. In other words, each of the power contacts VC may be finally connected to VDD
or GND. This will be described in more detail later.

[0085] Referring to FIG. 7, a second interlayer insulating film 300 may be further interposed

between the gate electrode G and a top contact TC. Therefore, the gate electrode G may not
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actually contact the top contact TC. A second source/drain region SD2 may be formed
between the active fin F and the top contact TC. The second source/drain region SD2 may
also not contact the gate electrode G due to the second interlayer insulating film 300.

[0086] Referring again to FIG. 3, the first through fifth gate contacts GC1 through GC5 may
be formed on the first through fifth gate electrodes G1 through G5, respectively. The first
through fifth gate contacts GC1 through GC5 may be spaced apart from each other in the first
direction X. In addition, the first through fifth gate contacts GC1 through GC5 may be
aligned in the first direction X.

[0087] The first through fifth gate contacts GC1 through GC5 may be located between the
first, second, third and fourth active fins F1 through F4 and the fifth through eighth active fins
F5 through F8 in the second direction Y. Specifically, the first gate contact GC1 may be
located between the first active fin F1 and the fifth active fin F5. The third gate contact
GC3 may be located between the third active fin F3 and the sixth active fin F6. The fifth
gate contact GC5 may be located between the fourth active fin F4 and the eighth active fin
F8.

[0088] The second gate contact GC2 may be located on a side of the second active fin F2,
and the fourth gate contact GC4 may be located on a side of the seventh active fin F7. In
particular, the second active fin F2 may be located between the first power contact VC1 and
the second gate contact GC2 in the second direction Y, and the seventh active fin F7 may be
located between the second power contact VC2 and the fourth gate contact GC4 in the second
direction Y.

[0089] Referring again to FIG. 6, a gate contact GC corresponding to the first through fifth
gate contacts GC1 through GC5 of the current embodiments is illustrated. Like the top
contacts TC and the power contacts VC, the gate contact GC may be disposed at the second
level LV2.

[0090] Referring again to FIG. 7, a third interlayer insulating film 400 may be formed on the
second interlayer insulating film 300, and the gate contact GC may pass through the second
interlayer insulating film 300 and the third interlayer insulating film 400 to contact the gate
electrode G. Accordingly, a lower surface of the gate contact GC may be lower than a lower
surface of the top contact TC formed on the second interlayer insulating film 300. Therefore,
the top contact TC may be electrically insulated from the gate electrode G, but the gate
contact GC may be electrically connected to the gate electrode G.

[0091] Referring again to FIG. 3, the first top contact TC1 may be electrically insulated from

the second gate electrode G2, the third gate electrode G3 and the first dummy gate electrode
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DGI1 by the second interlayer insulating film 300, but may be electrically connected to the
second active fin F2 and the third active fin F3.

[0092] Similarly, the second through sixth top contacts TC2 through TC6 may be electrically
insulated from the first through fifth gate electrodes G1 through G5 and the first and second
dummy gate electrodes DG1 and DG?2.

[0093] The first through ninth vias V1 through V9 may be formed on the first and second
power contacts VC1 and VC2, the first top contact TC1, the second top contact TC2, and the
first through fifth gate contacts GCI1 through GCS5, respectively. Specifically, the first via
V1 may be formed on the first top contact TC1, and the second via V2 may be formed on the
second top contact TC2.

[0094] The first via V1 may be formed on the first top contact TC1 on the first dummy gate
electrode DGI1, and the second via V2 may be formed on the second top contact TC2 on the
second dummy gate electrode DG2. The first via V1 and the second via V2 may not be
aligned with the third through seventh vias V3 through V7 in the first direction X.

[0095] The third through seventh vias V3 through V7 may be formed on the first through
fifth gate contacts GC1 through GCS5, respectively. The third through seventh vias V3
through V7 may be aligned in the first direction X.

[0096] The eighth via V8 and the ninth via V9 may be formed on the first power contact
VCI1 and the second power contact VC2, respectively. The eighth via V8 and the ninth via
V9 can be formed anywhere in regions where the first and second power contacts VCI and
VC2 extend. Therefore, the eighth via V8 and the ninth via V9 can be formed at positions
other than the positions illustrated in the drawing.

[0097] Referring again to FIG. 6, vias V corresponding to the first through ninth vias V1
through V9 of the current embodiments are illustrated. The vias V may be disposed at a
third level LV3 on the power contacts VC, the gate contact GC and the top contacts TC.
[0098] Next, referring to FIG. 4, a semiconductor device according to some embodiments
includes first through ninth wirings M1 through M9.

[0099] The first through ninth wirings M1 through M9 may be formed on the first through
ninth vias V1 through V9. The first through ninth wirings M1 through M9 may be
electrically connected to the first through ninth vias V1 through V9.

[00100] The first through seventh wirings M1 through M7 may extend in the second
direction Y. The first through seventh wirings M1 through M7 may be spaced apart from

each other in the first direction X. The first through seventh wirings may overlap the first
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through fifth gate electrodes G1 through G5 and the first and second dummy gate electrodes
DGI1 and DG2 located at a lower level in the third direction Z.

[00101] Specifically, the first wiring M1 may overlap the first gate electrode G1 in the third
direction Z, and the second wiring M2 may overlap the second gate electrode G2 in the third
direction Z. The third wiring M3 may overlap the first dummy gate electrode DG1 in the
third direction Z, and the fourth wiring M4 may overlap the third gate electrode G3 in the
third direction Z. The fifth wiring M5 may overlap the second dummy gate electrode DG2
in the third direction Z, and the sixth wiring M6 may overlap the fourth gate electrode G4 in
the third direction Z. The seventh wiring M7 may overlap the fifth gate electrode G5 in the
third direction Z.

[00102] In particular, since the third wiring M3 and the fifth wiring M5 are formed at the
positions where the first and second dummy gate electrodes DG1 and DG2 are formed,
wirings for routing of the nodes Y1 and Y2 can be provided. In this way, wirings can be
placed at a fourth level with less waste of space.

[00103] In a semiconductor device according to some embodiments, the first through
seventh wirings M1 through M7 may not simply extend in the second direction Y but can be
bent. In particular, the first through seventh vias V7 can be formed in various shapes as
long as they contact the first through seventh vias V1 through V7, respectively.

[00104] The eighth wiring M8 may be formed on the first power contact VC1. The eighth
wiring M8 may extend in the first direction X. The eighth wiring M8 may be spaced apart
from the ninth wiring M9 in the second direction Y. The eighth wiring M8 may be
connected to the first power contact VC1 through the eighth via V8.

[00105] The ninth wiring M9 may be formed on the second power contact VC2. The ninth
wiring M9 may extend in the first direction X. The ninth wiring M9 may be spaced apart
from the eighth wiring M8 in the second direction Y. The ninth wiring M9 may be
connected to the second power contact VC2 through the ninth via V9.

[00106] Referring again to FIG. 6, wirings M corresponding to the first through ninth
wirings M1 through M9 of the current embodiments are illustrated. The wirings M may be
disposed at a fourth level LV4 on the vias V.

[00107] The buried level LVO and the first, second, third and fourth levels LV1 through LV4
of FIG. 6 are conceptual terms used to define relative vertical positions of elements of the
current embodiments. Positions at the same level do not mean substantially the same height.

For example, as the positions of the gate contact GC and the top contact TC in FIG. 7 are
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slightly different, the actual positions of elements located at the same level may also be
different.

[00108] How the layout diagrams of FIGS. 2 through 5 of a semiconductor device according
to some embodiments are matched with the circuit diagram of FIG. 1 will now be described
with reference to FIGS. 1 and 5. Referring to FIGS. 1 and 5, the first power contact VC1
may be connected to the node VDD by the eighth wiring M8 of FIG. 4. The second power
contact VC2 may be connected to the node GND by the ninth wiring M9 of FIG. 4.

[00109] The resistance of a power rail can be reduced by the existence of the eighth wiring
MS8 and the ninth wiring M9. In particular, even if the eighth wiring M8 and the ninth
wiring M9 are not provided, power can be supplied and grounded only by the eighth via V8
and the ninth via V9. However, when the eighth wiring M8 and the ninth wiring M9 are
formed together with the first and second power contacts VC1 and VC2, the wiring width
may be increased, which, in turn, drastically reduces the consumption of power transmitted.
[00110] The first through eighth active fins F1 through F8 may correspond to channel
regions of the first through eighth transistors TR1 through TRS, respectively. In particular,
the first source/drain region SD1 and the second source/drain region SD2 of FIG. 7 may be
vertically formed, and the active fin F connecting the first and second source/drain regions
SD1 and SD2 may form a vertical channel. Therefore, each of the first through eighth
transistors TR1 through TR8 may be formed as a vertical field-effect transistor (FET) or a
vertical nano-sheet. The gate electrode G may cover side surfaces of the active fin F.
[00111] A portion connected to the first top contact TC1 through the first via V1 may be the
node Y1, and a portion connected to the second top contact TC2 through the second via V2
may be the node Y2. A portion connected to the first gate contact GC1 through the third via
V3 may be the node A, and a portion connected to the fifth gate contact GC5 through the
seventh via V7 may be the node B.

[00112] In addition, a portion connected to the second gate contact GC2 through the fourth
via V4 may be the node Sa, and a portion connected to the fourth gate contact GC4 through
the sixth via V6 may be the node Sb. A portion connected to the third gate contact GC3
through the fifth via V5 may be the SO node.

[00113] A semiconductor device according to some embodiments may provide a layout that
realizes a gate connection circuit in a vertical FET or vertical nano-sheet structure. This
layout includes two dummy gate electrodes to secure a space margin for forming bottom
contacts. The dummy gate electrodes can also secure a space for wirings required for

routing. Therefore, since the space margin can be secured at both low and high levels, space
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can be efficiently utilized. Accordingly, this can increase the degree of integration of the
semiconductor device, thereby lowering the production cost and improving the overall
performance.

[00114] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIGS. 2, 7 and 8. For simplicity, a description of elements
substantially identical to those described above will be given briefly or omitted.

[00115] FIG. 8 is a layout diagram of a semiconductor device according to some
embodiments. Referring to FIG. 8, a first dummy gate electrode DG1 of a semiconductor
device according to some embodiments may be formed on a first bottom contact BC1. As
described above with reference to FIG. 7, since a first interlayer insulating film 200 is formed
on a gate electrode G and a bottom contact BC, the bottom contact BC and the gate electrode
G may be insulated from each other.

[00116] Therefore, the first bottom contact BC1 and a second bottom contact BC2 can be
spaced apart in the first direction X by a third distance d3 smaller than the first distance d1 in
FIG. 2. In particular, this may be a process gain obtained by the presence of the first
dummy gate electrode DGI. In other words, the difficulty of manufacturing a
semiconductor device according to some embodiments can be lowered by the first dummy
gate electrode DGI.

[00117] Likewise, a second dummy gate electrode DG2 may be formed on a fourth bottom
contact BC4. Therefore, a distance in the first direction X between a third bottom contact
BC3 and the fourth bottom contact BC4 may be a fourth distance d4 smaller than the second
distance d2 in FIG. 2.

[00118] In particular, even if there is a misalignment problem of a patterning block such as a
mask, a space margin corresponding to the first and second dummy gate electrodes DG1 and
DG2 can be obtained, the defect rate of the semiconductor device can be lowered, while the
reliability of the semiconductor device is increased.

[00119] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIG. 9. For simplicity, a description of elements substantially
identical to those described above will be given briefly or omitted.

[00120] FIG. 9 is a layout diagram of a semiconductor device according to some
embodiments. Referring to FIG. 9, a semiconductor device according to some embodiments
may not include the eighth wiring M8 and the ninth wiring M9 of FIG. 4.

[00121] In particular, first through seventh wirings M1 through M7 of a semiconductor

device according to some embodiments may extend a long distance to overlap first and
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second power contacts VC1 and VC2 in the third direction Z. Accordingly, a plurality of
vias, here shown as including seven eighth vias V8 and seven ninth vias V9, may be provided
to connect the first through seventh wirings M1 through M7 to the first and second power
contacts VC1 and VC2.

[00122] In principle, patterning wirings in two directions is much more difficult than
patterning wirings in one direction. Therefore, patterning the first through seventh wirings
M1 through M7 only in the second direction Y can reduce process difficulty and reduce mask
cost.

[00123] In particular, a semiconductor device according to some embodiments can realize
the same circuit as the embodiments of FIG. 2 with lower process difficulty and lower
manufacturing cost.

[00124] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIGS. 1, 2 through 5, and 10. For simplicity, a description of
elements substantially identical to those described above will be given briefly or omitted.
[00125] FIG. 10 is a layout diagram of a semiconductor device according to some
embodiments.  Referring to FIG. 10, a semiconductor device according to current
embodiments is different from a semiconductor device according to some embodiments of
FIG. 5 in that a first dummy gate electrode DG1 is omitted. Accordingly, first through fifth
gate electrodes G1 through G5 and a second dummy gate electrode DG2 of a semiconductor
device according to current embodiments may be arranged in the order of the first gate
electrode G1, the second gate electrode G2, the third gate electrode G3, the second dummy
gate electrode DG2, the fourth gate electrode G4 and the fifth gate electrode G5 in the first
direction X.

[00126] A distance in the first direction X between a first bottom contact BC1 and a second
bottom contact BC2 may be a fifth distance d5, and a distance in the first direction X between
a third bottom contact BC3 and a fourth bottom contact BC4 may be a sixth distance d6.
[00127] Since the first dummy gate electrode DGI is not provided, a first top contact TC1'
may be formed on the second gate electrode G2, the third gate electrode G3 and the second
dummy gate electrode DG2. The first top contact TC1' may also be connected directly to a
second active fin F2 and a third active fin F3.

[00128] A first via V1' may be located on the first top contact TC1' on the second dummy
gate electrode DG2. Accordingly, the first via V1' and a second via V2 may be aligned with

each other in the second direction Y.
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[00129] If a wiring that connects the first via V1' and the second via V2 is formed, a gate
connection circuit in which the node Y1 and the node Y2 of FIG. 1 are connected to each
other can be realized.

[00130] In addition, a wiring can be formed to separate the Y1 and node Y2s from each other.
Since this wiring can be formed in one space of the second dummy gate electrode DG2, the
space can be efficiency used.

[00131] A semiconductor device according to the current embodiments can realize a gate
connection circuit using only a total of six gate electrode patterns (the first through fifth gate
electrodes G1 through GS5) and the second dummy gate electrode DG2. Therefore, the
degree of integration of the semiconductor device can be greatly improved.

[00132] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIGS. 10 and 11. For simplicity, a description of elements
substantially identical to those described above will be given briefly or omitted

[00133] FIG. 11 is a layout diagram of a semiconductor device according to some
embodiments.

[00134] Referring to FIG. 11, a second dummy gate electrode DG2 of a semiconductor
device according to some embodiments may not overlap a third bottom contact BC3.

[00135] In particular, since the second dummy gate electrode DG2 is an element formed to
secure a space margin of the third bottom contact BC3 and a fourth bottom contact BC4, the
third bottom contact BC3 can be formed to have a space margin equal to a width of the
second dummy gate electrode DG2 and a part of a pitch with another gate electrode.

[00136] In particular, the third bottom contact BC3 can be formed regardless of whether it
overlaps the second dummy gate electrode DG2. A semiconductor device according to
some embodiments can operate normally even when a pattern that separates the third bottom
contact BC3 and the fourth bottom contact BC4 is as wide as a seventh distance d7 greater
than the sixth distance d6 of FIG 10 due to the misalignment of a mask.

[00137] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIG. 12. For simplicity, a description of elements substantially
identical to those described above will be given briefly or omitted.

[00138] FIG. 12 is a layout diagram of a semiconductor device according to some
embodiments. Referring to FIG. 12, a semiconductor device according to the current
embodiments is different from a semiconductor device according to some embodiments of
FIG. 5 in that a second dummy gate electrode DG2 is omitted. Accordingly, first through

fifth gate electrodes G1 through G5 and a first dummy gate electrode DGI1 of a
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semiconductor device according to current embodiments may be arranged in the order of the
first gate electrode G1, the second gate electrode G2, the first dummy gate electrode DG1, the
third gate electrode G3, the fourth gate electrode G4 and the fifth gate electrode G5 in the
first direction X.

[00139] A distance in the first direction X between a first bottom contact BC1 and a second
bottom contact BC2 may be an eighth distance d8, and a distance in the first direction X
between a third bottom contact BC3 and a fourth bottom contact BC4 may be a ninth distance
do.

[00140] Since the second dummy gate electrode DG?2 is not provided, a second top contact
TC?2' may be formed on the third gate electrode G3, the fourth gate electrode G4 and the first
dummy gate electrode DG1. The second top contact TC2' may also be connected directly to
a sixth active fin F6 and a seventh active fin F7.

[00141] A second via V2' may be located on the second top contact TC2' on the first dummy
gate electrode DG1. Accordingly, a first via V1 and the second via V2' may be aligned with
each other in the second direction Y.

[00142] If a wiring that connects the first via V1 and the second via V2'is formed, a gate
connection circuit in which the node Y1 and the node Y2 of FIG. 1 are connected to each
other can be realized.

[00143] In addition, a wiring can be formed to separate the Y1 and node Y2s from each other.
Since this wiring can be formed in one space of the first dummy gate electrode DG, the
space can be efficiency used.

[00144] A semiconductor device according to current embodiments can realize a gate
connection circuit using only a total of six gate electrode patterns (the first through fifth gate
electrodes G1 through G5) and the first dummy gate electrode DG1. Therefore, the degree
of integration of the semiconductor device can be greatly improved.

[00145] The embodiments of FIGS. 10 and 12 are embodiments in which either of dummy
gate electrodes symmetrical to each other is removed. Therefore, the same circuit can be
implemented by selecting a desired layout in consideration of the arrangement of wirings.
[00146] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIGS. 12 and 13. For simplicity, a description of elements
substantially identical to those described above will be given briefly or omitted.

[00147] FIG. 13 is a layout diagram of a semiconductor device according to some

embodiments.
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[00148] Referring to FIG. 13, a first dummy gate electrode DG1 of a semiconductor device
according to some embodiments may not overlap a second bottom contact BC2.

[00149] In particular, since the first dummy gate electrode DGI is an element formed to
secure a space margin of a first bottom contact BC1 and the second bottom contact BC2, the
second bottom contact BC2 can be formed to have a space margin equal to a width of the first
dummy gate electrode DG1 and a part of a pitch with another gate electrode.

[00150] In particular, the second bottom contact BC2 can be formed regardless of whether it
overlaps the first dummy gate electrode DG1. A semiconductor device according to some
embodiments can operate normally even when a pattern that separates the first bottom contact
BC1 and the second bottom contact BC2 is as wide as a tenth distance d10 greater than the
eighth distance d8 of FIG 12 due to the misalignment of a mask

[00151] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIG. 14. For simplicity, a description of elements substantially
identical to those described above will be given briefly or omitted.

[00152] FIG. 14 is a layout diagram of a semiconductor device according to some
embodiments.  Referring to FIG. 14, a semiconductor device according to some
embodiments includes a top contact connecting portion TCC connecting a first top contact
TC1' and a second top contact TC2.

[00153] The top contact connecting portion TCC may extend in the second direction Y.
The top contact connecting portion TCC may integrally connect the first top contact TC1' and
the second top contact TC2. Accordingly, a contact in which the first top contact TC1', the
second top contact TC2, and the top contact connecting portion TCC are integrated with each
other can be formed.

[00154] If the first top contact TC1' and the second top contact TC2 are connected together,
two vias are not necessary. Therefore, only a twelfth via V12 may be formed. The twelfth
via V12 may be aligned with the existing third through seventh vias V3 through V7 in the
first direction X.

[00155] In this case, a circuit in which the Y1 and node Y2s of FIG. 1 are connected to each
other can be realized. Therefore, the current embodiments can realize a cross gate
connection circuit in which two gate connections are formed.

[00156] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIGS. 15 and 16. For simplicity, a description of elements

substantially identical to those described above will be given briefly or omitted.
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[00157] FIG. 15 is a layout diagram of a semiconductor device according to some
embodiments, and FIG. 16 is a layout diagram illustrating the structure of a level higher than
that of the layout diagram of FIG. 15 in detail. The current embodiments will be described
sequentially from the lowest level.

[00158] First, referring to FIG. 15, a semiconductor device according to the current
embodiments is different from a semiconductor device according to some embodiments of
FIGS. 1 through 5 in that first and second dummy gate electrodes DG1 and DG2 are omitted.
Accordingly, first through fifth gate electrodes G1 through G5 of a semiconductor device
according to current embodiments may be arranged in the order of the first gate electrode Gl1,
the second gate electrode G2, the third gate electrode G3, the fourth gate electrode G4 and the
fifth gate electrode G5 in the first direction X.

[00159] A semiconductor device according to current embodiments may include a seventh
top contact TC7 and an eighth top contact TC8. The seventh top contact TC7 may be
formed on a second active fin F2, a third active fin F3, the second gate electrode G2 and the
third gate electrode G3. The seventh top contact TC7 may extend in the first direction X.
The seventh top contact TC7 may electrically connect the second active fin F2 and the third
active fin F3.

[00160] The eighth top contact TC8 may be formed on a sixth active fin F6, a seventh active
fin F7, the third gate electrode G3 and the fourth gate electrode G4. The eighth top contact
TC8 may extend in the first direction X. The eighth top contact TC8 may electrically
connect the sixth active fin F6 and the seventh active fin F7.

[00161] A first via VI may be formed on the seventh top contact TC7 on the second gate
electrode G2 and the third gate electrode G3, and a second via V2 may be formed on the
eighth top contact TCS8 on the third gate electrode G3 and the fourth gate electrode G4. The
first via V1 and the second via V2 may not be aligned with third through seventh vias V3
through V7 in the first direction X.

[00162] The first via V1 may be located between a first bottom contact BC1 and a second
bottom contact BC2 in the first direction X. The second via V2 may be located between a
third bottom contact BC3 and a fourth bottom contact BC4 in the first direction X.

[00163] Next, referring to FIG. 16, a semiconductor device according to current
embodiments may include first through seventh wirings M1' through M7'.  The first through
seventh wirings M1' through M7' may be formed to electrically insulate the first through
seventh vias V7 from each other. For example, as illustrated in FIG. 16, the third through

seventh wirings M3' through M7' may extend in the second direction Y but may be shorter
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than the first through fifth gate electrodes G1 through G5. The third through seventh
wirings M3' through M7' may be spaced apart from each other in the first direction X.

[00164] The first wiring M1' may extend in the first direction X. The first wiring M1' may
be formed on the first via V1. The first wiring M1' may be spaced apart from ends of the
fourth wiring M4' and the fifth wiring M5' in the second direction Y.

[00165] The second wiring M2' may extend in the first direction X. The second wiring M2'
may be formed on the second via V2. The second wiring M2' may be spaced apart from
ends of the fifth wiring M5' and the sixth wiring M6' in the second direction Y.

[00166] The arrangement illustrated in FIG. 16 is only one example of a semiconductor
device according to some embodiments. The current embodiments can include all
arrangements of the first through seventh wirings M1' through M7' that can electrically
insulate the first through seventh vias V7.

[00167] The current embodiments are embodiments in which only five gate electrodes are
formed without a dummy gate electrode. In particular, since a semiconductor device
according to current embodiments is a circuit that can implement a gate connection circuit in
the smallest area, the degree of integration of the semiconductor device can be greatly
improved.  Accordingly, it is possible to reduce the production cost and provide a
semiconductor device with high performance for the same area.

[00168] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIG. 17. For simplicity, a description of elements substantially
identical to those described above will be given briefly or omitted.

[00169] FIG. 17 is a layout diagram of a semiconductor device according to some
embodiments. Referring to FIG. 17, a first gate electrode G1' of a semiconductor device
according to some embodiments may be wider than second through fifth gate electrodes G2
through G5 in the first direction X. In particular, the first gate electrode G1' may actually
have a width equal to 2CPP, a pitch of two gate electrodes. In other words, the width of the
first gate electrode G1' may be equal to the sum of widths of two gate electrodes and a pitch
between the two gate electrodes.

[00170] A first active fin FI1 may include two active fins. Specifically, the first active fin
F1 may include a (1-1)" active fin F1-1 and a (1-2)" active fin F1-2. The (1-1)" active fin
F1-1 and the (1-2)™ active fin F1-2 may extend in the second direction Y and may be spaced
apart from each other in the first direction X.

[00171] Similarly, a fifth active fin F5 may include two active fins. Specifically, the fifth

active fin F5 may include a (5-1)" active fin F5-1 and a (5-2)™ active fin F5-2. The (5-1)®
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active fin F5-1 and the (5-2)" active fin F5-2 may extend in the second direction Y and may
be spaced apart from each other in the first direction X.

[00172] In addition, since a third top contact TC3' should contact both the (1-1)™ active fin
F1-1 and the (1-2)™ active fin F1-2, a width of the third top contact TC3'" in the first direction
X may be increased. Similarly, since a fourth top contact TC4' should also contact both the
(5-1)™ active fin F5-1 and the (5-2)™ active fin F5-2, a width of the fourth top contact TC4' in
the first direction X may be increased.

[00173] A first gate contact GC1 and a third via V3 may be located between extension lines
of the (1-1)" active fin F1-1 and the (1-2)" active fin F1-2 in the first direction X. However,
the inventive concept is not limited to this case.

[00174] The current embodiments can implement a transistor composed of two
sub-transistors using a gate electrode two or more times wider and two active fins, thereby
improving the performance and operation speed of the transistor. In particular, in the
current embodiments, each of the first transistor TR1 and the fifth transistor TRS (see FIG. 1)
formed respectively by the first active fin F1 and the fifth active fin F5 is composed of two
sub-transistors. Therefore, better performance can be achieved due to higher operation
speed.

[00175] Although two sub-transistors constitute one conventional transistor in the drawing,
the number of sub-transistors constituting one conventional transistor can be increased within
a range satisfying design restrictions. Therefore, the first gate electrode G1' of a
semiconductor device according to some embodiments can be formed thick to surround two
or more active fins.

[00176] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIG. 18. For simplicity, a description of elements substantially
identical to those described above will be given briefly or omitted.

[00177] FIG. 18 is a layout diagram of a semiconductor device according to some
embodiments. Referring to FIG. 18, a fifth gate electrode G5' of a semiconductor device
according to some embodiments is wider than second through fourth gate electrodes G2
through G4 in the first direction X. In particular, the fifth gate electrode G5' may actually
have a width equal to 2CPP, a pitch of two gate electrodes. In other words, the width of the
fifth gate electrode G5' may be equal to the sum of widths of two gate electrodes and a pitch
between the two gate electrodes.

[00178] Accordingly, a fourth active fin F4 may include two active fins. Specifically, the

fourth active fin F4 may include a (4-1)™ active fin F4-1 and a (4-2)™ active fin F4-2. The
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(4-1)™ active fin F4-1 and the (4-2)™ active fin F4-2 may extend in the second direction Y and
may be spaced apart from each other in the first direction X.

[00179] Similarly, an eighth active fin F8 may include two active fins. Specifically, the
eighth active fin F8 may include a (8-1)" active fin F8-1 and a (8-2)"" active fin F8-2. The
(8-1) active fin F8-1 and the (8-2)" active fin F8-2 may extend in the second direction Y and
may be spaced apart from each other in the first direction X.

[00180] In addition, since a fifth top contact TC5' should contact both the (4-1)™ active fin
F4-1 and the (4-2)™ active fin F4-2, a width of the fifth top contact TC5' in the first direction
X may be increased. Similarly, since a sixth top contact TC6' should also contact both the
(8-1)™ active fin F8-1 and the (8-2)" active fin F8-2, a width of the sixth top contact TC6' in
the first direction X may be increased.

[00181] A fifth gate contact GC5 and a seventh via V7 may be located between extension
lines of the (4-1)™ active fin F4-1 and the (4-2)" active fin F4-2 in the first direction X.
However, the inventive concept is not limited to this case.

[00182] The current embodiments implement a transistor composed of two sub-transistors
using a gate electrode two or more times wider and two fins, thereby improving the
performance and operation speed of the transistor. In particular, this modification is made in
a symmetrical manner to maintain the symmetry of the whole cell.

[00183] Cell symmetry is a factor that affects performance (such as fine threshold voltages)
of adjacent elements. The performance of elements inside an asymmetrical cell may be
different.  Therefore, the lifetime of the asymmetrical cell can be shortened. A
modification for improving performance may be applied symmetrically to maintain the
performance dispersion of cells constituting a semiconductor device, thereby enabling the
semiconductor device to operate stably and for a long time.

[00184] A modification illustrated in the drawing is an increase in the widths of a first gate
electrode G1' and the fifth gate electrode G5'. However, the inventive concept is not limited
to this case. Therefore, any gate electrode of a semiconductor device according to some
embodiments can be patterned thicker to form a plurality of transistors for performance
improvement.

[00185] Hereinafter, a semiconductor device according to some embodiments will be
described with reference to FIGS. 1 and 19. For simplicity, a description of elements
substantially identical to those described above will be given briefly or omitted.

[00186] FIG. 19 is a layout diagram of a semiconductor device according to some

embodiments. Referring to FIG. 19, a first gate electrode G1 of a semiconductor device
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according to some embodiments may be H-shaped. Specifically, the first gate electrode G1
may include a (1-1)'" gate electrode G1-1, a (1-2)'" gate electrode G1-2, and a (1-3)" gate
electrode G1-3. The (1-1)" gate electrode G1-1 and the (1-2)™ gate electrode G1-2 may
extend in the second direction Y and may be spaced apart from each other in the first
direction X. The (1-1)" gate electrode G1-1 and the (1-2)" gate electrode G1-2 may be
formed in the same shape as second through fourth gate electrodes G2 through G4.

[00187] The (1-3)™ gate electrode G1-3 may connect the (1-1) gate electrode G1-1 and the
(1-2)" gate electrode G1-2. The (1-3)™ gate electrode G1-3 may extend in the first direction
X, and the (1-1)" gate electrode Gl1-1, the (1-2)" gate electrode G1-2, the (1-3)" gate
electrode G1-3 may be integrally formed with each other.

[00188] A (1-1)™ active fin F1-1 may be surrounded by the (1-1)™ gate electrode G1-1, and a
(1-2)" active fin F1-2 may be surrounded by the (1-2)" gate electrode G1-2. Likewise, a
(5-1)™ active fin F5-1 may be surrounded by the (1-1)" gate electrode G1-1, and a (5-2)®
active fin F5-2 may be surrounded by the (1-2)" gate electrode G1-2.

[00189] A first gate contact GC1 and a third via V3 may be located on the (1-3)" gate
electrode G1-3 between extension lines of the (1-1)™ active fin F1-1 and the (1-2)™ active fin
F1-2 in the first direction X. However, the inventive concept is not limited to this case.
[00190] A fifth gate electrode G5 may include a (5-1)" gate electrode G5-1, a (5-2)™ gate
electrode G5-2, and a (5-3)" gate electrode G5-3. The (5-1)" gate electrode G5-1 and the
(5-2)™ gate electrode G5-2 may extend in the second direction Y and may be spaced from
each other in the first direction X.

[00191] The (5-3)® gate electrode G5-3 may connect the (5-H" gate electrode G5-1 and the
(5-2)" gate electrode G5-2. The (5-3)™ gate electrode G5-3 may extend in the first direction
X, and the (5-1)'" gate electrode G5-1, the (5-2)™ gate electrode G5-2, and the (5-3)"" gate
electrode G5-3 may be integrally formed with each other.

[00192] A (4-1)" active fin F4-1 may be surrounded by the (5-1)'" gate electrode G5-1, and a
(4-2)™ active fin F4-2 may be surrounded by the (5-2)" gate electrode G5-2. Similarly, a
(8-1)" active fin F8-1 may be surrounded by the (5-1)" gate electrode G5-1, and a (8-2)®
active fin F8-2 may be surrounded by the (5-2)" gate electrode G5-2.

[00193] A fifth gate contact GC5 and a seventh via V7 may be located on the (5-3)"" gate
electrode G5-3 between extension lines of the (4-1)™ active fin F4-1 and the (4-2)™ active fin
F4-2 in the first direction X. However, the inventive concept is not limited to this case.
[00194] A semiconductor device according to current embodiments has a structure in which

transistors composed of one active fin and one gate electrode are spaced apart from each
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other in the first direction X. Therefore, transistors having characteristics not greatly
different from those of other conventional transistors can be formed. Accordingly, it is
possible to provide a semiconductor device which can be prepared against the unexpected

deterioration of performance or durability of transistors and, further, has higher reliability.
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WHAT IS CLAIMED IS:

1. A semiconductor device comprising:

a substrate;

first, second, third and fourth bottom contacts in the substrate;

first, second, third and fourth active fins on respective ones of the first, second, third
and fourth bottom contacts, each of the second and third active fins extending longitudinally
in a first direction, the second and third active fins aligned in the first direction;

first, second and third gate electrodes extending longitudinally in the first direction,
the first and second gate electrodes disposed on side surfaces of respective ones of the first
and fourth active fins and the third gate electrode disposed on side surfaces of each of the
second and third active fins;

a first top contact on the first and second active fins; and

a second top contact on the third and fourth active fins.

2. The semiconductor device of claim 1, wherein the first and second bottom
contacts are aligned in a second direction and are spaced apart from each other in the second
direction, wherein the third and fourth bottom contacts are aligned in the second direction and
are spaced apart from each other in the second direction, wherein the first and second bottom
contacts are spaced apart from the third and fourth bottom contacts in the first direction,
wherein the second and third bottom contacts overlap in the first direction, and wherein the

first and fourth bottom contacts do not overlap in the first direction.

3. The semiconductor device of claim 1 or claim 2, further comprising first,
second, third and fourth source/drain regions between the first, second, third and fourth

bottom contacts and the first, second, third and fourth active fins, respectively.

4. The semiconductor device of any one of claims 1 to 3, further comprising first,
second, third and fourth source/drain regions between the first and second top contacts and

the first, second, third and fourth active fins.

5. The semiconductor device of claim 4, wherein the first and second
source/drain regions are connected by the first top contact and wherein the third and fourth

source/drain regions are connected by the second top contact.
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6. The semiconductor device of any one of claims 1 to 5, wherein the first and
second active fins have n-type conductivity and wherein the third and fourth active fins have

p-type conductivity.

7. The semiconductor device of any one of claims 1 to 6, further comprising a
first dummy gate electrode extending longitudinally in the first direction between the first and

second gate electrodes.

8. The semiconductor device of claim 7, further comprising a second dummy
gate electrode extending longitudinally in the first direction between the third and fourth gate

electrodes.

9. A semiconductor device comprising:

first, second, third, fourth and fifth gate electrodes extending longitudinally in a first
direction and spaced apart in a second direction;

first and second active fins surrounded by the first gate electrode and spaced apart in
the first direction;

a third active fin surrounded by the second gate electrode;

fourth and fifth active fins surrounded by the third gate electrode and spaced apart in
the first direction;

a sixth active fin surrounded by the fourth gate electrode;

seventh and eighth active fins surrounded by the fifth gate electrode and spaced apart
in the first direction;

a first top contact connecting the third and fourth active fins; and

a second top contact connecting the fifth and sixth active fins.

10. The semiconductor device of claim 9, further comprising first and second
power contacts extending longitudinally in the second direction and disposed on respective
first and second sides of the first, second, third, fourth and fifth gate electrodes such that the
first, second, third, fourth and fifth gate electrodes are located between the first and second

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

a third top contact connecting the first active fin and the first power contact;

a fourth top contact connecting the second active fin and the second power contact;
a fifth top contact connecting the seventh active fin and the first power contact; and

a sixth top contact connecting the eighth active fin and the second power contact.

12.  The semiconductor device of claim 11, wherein at least one of the first, second,
third, fourth and fifth gate electrodes comprises:

a first sub-gate electrode extending longitudinally in the first direction;

a second sub-gate electrode extending longitudinally in the first direction and is
spaced apart from the first sub-gate electrode in the second direction; and

a connecting portion extending longitudinally in the second direction and connects the

first and second sub-gate electrodes.

13. The semiconductor device of claim 12, wherein the connecting portion does

not overlap the first and second top contacts in the second direction.

14. The semiconductor device of any one of claims 9 to 13, further comprising a
first dummy gate electrode extending longitudinally in the first direction between the third

and fourth gate electrodes.

15. The semiconductor device of claim 14, wherein the first and second top

contacts are on the first dummy gate electrode.

16.  The semiconductor device of claim 14 or claim 15, further comprising a third
top contact connecting the first and second top contacts and disposed on the first dummy gate

electrode, wherein the first, second and third top contacts are integrated in a single member.

17. The semiconductor device of any one of claims 14 to 16, further comprising a
second dummy gate electrode extending longitudinally in the first direction between the

second and third gate electrodes.
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18. The semiconductor device of any one of claims 9 to 17, wherein at least one of
the first, second, third, fourth and fifth gate electrodes has a first width in the second direction,
wherein other ones of the first, second, third, fourth and fifth gate electrodes have a second
width in the second direction, and wherein the first width is greater than n times the second

width, where 7 is an integer equal to or greater than 2.

19. The semiconductor device of claim 18, wherein, for the group of the first,
second, third, fourth, fifth, sixth, seventh and eighth active fins, a number of active fins
surrounded by a gate electrode having the first width among the first, second, third, fourth

and fifth gate electrodes is n.

20. A semiconductor device comprising:

first, second, third and fourth active fins on a substrate, each of the second and third
active fins extending longitudinally in a first direction, the second and third active fins
aligned in a first direction;

a first gate electrode extending longitudinally in the first direction and on side
surfaces of the first active fin;

a second gate electrode extending longitudinally in the first direction and on side
surfaces of each of the second and third active fins;

a third gate electrode extending longitudinally in the first direction and on side
surfaces of the fourth active fin;

a first top contact on the first and second active fins and electrically connecting the
first and second active fins; and

a second top contact on the third and fourth active fins and electrically connecting the
third and fourth active fins,

wherein the first gate electrode and the first active fin are components of a first
transistor, wherein the second gate electrode and the second active fin are components of a
second transistor, wherein the second gate electrode and the third active fin are components
of third transistor, wherein the third gate electrode and the fourth active fin are components of
a fourth transistor, wherein drain nodes of the first and second transistors are electrically
connected by the first top contact, and wherein drain nodes of the third and fourth transistors

are electrically connected by the second top contact.
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