SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This patent application claims benefit of priority to Korean Patent Application No. 10-
2022-0143607, filed on 1 November 2022, and Korean Patent Application No. 10-2023-
0061806 filed on 12 May 2023, in the Korean Intellectual Property Office, the disclosures of

both of which are incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present inventive concept relates to a semiconductor device.

BACKGROUND
[0003] In various semiconductor devices such as a logic circuit and a memory, an active
region such as a source and a drain is connected to a metal line of a back end of line (BEOL)
through a contact structure. A solution for disposing at least some lines (for example, a power
line) of the BEOL on a backside of a semiconductor substrate and forming a conductive
through-structure configured to penetrate the semiconductor substrate in order to connect the

lines is desired.

SUMMARY
[0004] An aspect of the present inventive concept is to provide a semiconductor device
having a power delivery structure effectively arranged in a limited space.
[0005] According to an aspect of the present inventive concept, a semiconductor device
comprises: a substrate having first and second surfaces opposite to each other; a first fin-type
active pattern extending lengthwise in a first direction on the first surface of the substrate and
having a first width in a second direction intersecting the first direction; a second fin-type active

pattern spaced apart from the first fin-type active pattern in the first direction, extending



lengthwise in the first direction on the first surface of the substrate, and having a second width
in the second direction, the second width being smaller than the first width; a device isolation
pattern disposed between the first and second fin-type active patterns; first and second gate
structures extending in the second direction, and crossing the first and second fin-type active
patterns, respectively; a first source/drain region disposed on the first fin-type active pattern on
at least one side of the first gate structure; a second source/drain region disposed on the second
fin-type active pattern on at least one side of the second gate structure; an interlayer insulating
portion disposed on the first surface of the substrate, and covering the first and second
source/drain regions; first and second contact structures connected to the first and second
source/drain regions in the interlayer insulating portion, respectively; a gate isolation structure
positioned adjacent to the first fin-type active pattern in the second direction in the interlayer
insulating portion, and extending lengthwise in the first direction while contacting one end
surface of the first gate structure; a buried conductive structure extending in the first direction
while contacting one end surface of the gate isolation structure in the interlayer insulating
portion, and connected to the second contact structure; a conductive through-structure
extending from the second surface of the substrate toward the first surface of the substrate, and
connected to the buried conductive structure; and a first wiring structure disposed on the
interlayer insulating portion, and having a first wiring layer electrically connected to the first
contact structure and the buried conductive structure.

[0006] According to an aspect of the present inventive concept, a semiconductor device
comprises: a substrate having a first surface having a first cell region and a second cell region
arranged in a first direction, and a second surface opposite to the first surface; a first fin-type
active pattern extending lengthwise in a first direction in the first cell region of the substrate
and having a first width in a second direction intersecting the first direction; a second fin-type
active pattern overlapping the first fin-type active pattern in the first direction in the second
cell region of the substrate, extending lengthwise in the first direction, and having a second

width in the second direction, the second width being smaller than the first width; a device



isolation pattern disposed between the first and second fin-type active patterns along a
boundary between the first and second cell regions; first and second gate structures disposed
in the first and second cell regions, respectively, and extending lengthwise in the second
direction to cross the first and second fin-type active patterns, respectively; a first source/drain
region disposed on the first fin-type active pattern on at least one side of the first gate structure;
a second source/drain region disposed on the second fin-type active pattern on at least one side
of the second gate structure; first and second contact structures connected to the first and second
source/drain regions, respectively, and extending in a direction perpendicular to the first
surface of the substrate; a gate isolation structure positioned at a boundary of the first cell
region adjacent to the first fin-type active pattern in the second direction, and extending in the
first direction while contacting one end surface of the first gate structure; a buried conductive
structure positioned at a boundary of the second cell region adjacent to the second fin-type
active pattern in the second direction, extending in the first direction while contacting one end
surface of the gate isolation structure, and connected to the second contact structure; a
conductive through-structure extending from the second surface of the substrate toward the
first surface of the substrate, and connected to the buried conductive structure; a first wiring
structure having a first wiring layer connecting the first contact structure and the buried
conductive structure; and a second wiring structure disposed on the second surface of the
substrate, and having a second wiring layer connected to the conductive through-structure;

[0007] According to an aspect of the present inventive concept, a semiconductor device
comprises: a substrate having first and second surfaces opposite to each other; a fin-type active
pattern extending lengthwise in a first direction on the first surface of the substrate, and
comprising a first fin portion having a first width in a second direction intersecting the first
direction and a second fin portion having a second width in the second direction, the second
width being smaller than the first width; first and second gate structures extending lengthwise
in a second direction intersecting the first direction, and crossing the first fin portion and the

second fin portion, respectively; a gate isolation structure positioned adjacent to the fin-type



active pattern in the second direction, and extending in the first direction to isolate each of the
first and second gate structures; a first source/drain region disposed on the first fin portion on
at least one side of the first gate structure; a second source/drain region disposed on the second
fin portion on at least one side of the second gate structure; an interlayer insulating portion
disposed on the first surface of the substrate, and covering the first and second source/drain
regions; first and second contact structures penetrating the interlayer insulating portion, and
connected to the first and second source/drain regions, respectively; a buried conductive
structure disposed in a region where at least a portion of the gate isolation structure adjacent to
the first fin portion is removed, and connected to the second contact structure; a conductive
through-structure extending from the second surface of the substrate toward the first surface of
the substrate, and connected to the buried conductive structure; and a first wiring structure
disposed on the interlayer insulating portion, and having a first wiring layer connected to the
first contact structure and the buried conductive structure.

[0008] According to an aspect of the present inventive concept, a semiconductor device
comprises: a first fin-type active pattern extending lengthwise in a first direction, and having a
first width in a second direction intersecting the first direction; a second fin-type active pattern
spaced apart from the first fin-type active pattern in the first direction, extending lengthwise in
the first direction, and having a second width in the second direction, the second width being
smaller than the first width; a device isolation pattern disposed between the first and second
fin-type active patterns, and extending in the second direction; first and second gate structures
each extending lengthwise in the second direction, and crossing the first and second fin-type
active patterns, respectively; a first source/drain region disposed on the first fin-type active
pattern on at least one side of the first gate structure; a second source/drain region disposed on
the second fin-type active pattern on at least one side of the second gate structure; an interlayer
insulating portion surrounding the first and second fin-type active patterns, and covering the
first and second gate structures and the first and second source/drain regions; first and second

contact structures connected to the first and second source/drain regions in the interlayer



insulating portion, respectively; a gate isolation structure positioned adjacent to the first fin-
type active pattern in the second direction in the interlayer insulating portion, and extending in
the first direction while contacting one end surface of the first gate structure; a buried
conductive structure extending in the first direction while contacting one end surface of the
gate isolation structure in the interlayer insulating portion, and connected to the second contact
structure; a first wiring structure disposed on the interlayer insulating portion, and having a
first wiring layer electrically connected to the first contact structure and the buried conductive
structure; and a second wiring structure disposed on a lower surface of the interlayer insulating
portion, and having a power delivery structure connected to the buried conductive structure
and a second wiring layer connected to the power delivery structure.

[0009] The various beneficial advantages and effects of the present inventive concept are
not limited to the above, and will be more easily understood in the process of describing

specific embodiments of the present inventive concept.

BRIEF DESCRIPTION OF DRAWINGS
[0010] The above and other aspects, features, and advantages of the present inventive concept
will be more clearly understood from the following detailed description, taken in conjunction
with the accompanying drawings, in which:
[0011] FIGS. 1A and 1B are plan views illustrating a semiconductor device according to an
example embodiment of the present inventive concept;
[0012] FIG. 2 isacross-sectional view of the semiconductor device of FIGS. 1A and 1B taken
along line I-I’;
[0013] FIGS. 3A and 3B are cross-sectional views of the semiconductor device of FIGS. 1A
and 1B taken along lines 111-111° and 112-112°;
[0014] FIGS. 4A and 4B are plan views illustrating an arrangement of fin-type active patterns
and a buried conductive structure according to various example embodiments;

[0015] FIGS. 5A and 5B are cross-sectional views of a semiconductor device according to an



example embodiment of the present inventive concept;

[0016] FIGS. 6A and 6B are cross-sectional views of a semiconductor device according to an
example embodiment of the present inventive concept;

[0017] FIG. 7 is a plan view illustrating a semiconductor device according to an example
embodiment of the present inventive concept;

[0018] FIGS. 8A and 8B are cross-sectional views of the semiconductor device of FIG. 7
taken along lines 111-111" and 112-112;

[0019] FIG. 9 is a cross-sectional view of a semiconductor device according to an example
embodiment of the present inventive concept;

[0020] FIG. 10 is a plan view illustrating a semiconductor device according to an example
embodiment of the present inventive concept;

[0021] FIG. 11 is a cross-sectional view of the semiconductor device of FIG. 10 taken along
line I-I’; and

[0022] FIGS. 12A and 12B are cross-sectional views of the semiconductor device of FIG. 10

taken along lines 111-111" and 112-112°.

DETAILED DESCRIPTION

[0023] Hereinafter, various embodiments of the present inventive concept will be described
with reference to the accompanying drawings. Like numbers/labels refer to like elements
throughout.

[0024] It will be understood that when an element is referred to as being “connected” or
“coupled” to or “on” another element, it can be directly connected or coupled to or on the other
element or intervening elements may be present. In contrast, when an element is referred to as
being “directly connected” or “directly coupled” to another element, or as “contacting” or “in
contact with” another element (or using any form of the word ‘“contact”), there are no
intervening elements present at the point of contact.

[0025] Ordinal numbers such as “first,” “second,” “third,” etc. may be used simply as labels



of certain elements to distinguish such elements from one another. Terms that are not described
using “first,” “second,” “third,” etc. in the specification, may still be referred to as “first” or
“second” or “third” in a claim. In addition, a term that is referenced with a particular ordinal
number (e.g., “first” in a particular claim) may be described elsewhere with a different ordinal
number (e.g., “second” in the specification or another claim).

[0026] FIGS. 1A and 1B are plan views illustrating a semiconductor device according to an
example embodiment of the present inventive concept, FIG. 2 is a cross-sectional view of the
semiconductor device of FIGS. 1A and 1B taken along line I-I’, and FIGS. 3A and 3B are
cross-sectional views of the semiconductor device of FIGS. 1A and 1B taken along lines 111-
111’ and 112-112".

[0027] Referring to FIGS. 1A, 1B, 2, 3A and 3B, a semiconductor device 100 according to an
embodiment of the present inventive concept may be divided into a first cell region SC1 and a
second cell region SC2 arranged in a first direction (e.g., an X-direction).

[0028] The semiconductor device 100 may include a substrate 101 having a first surface (or
an upper surface) and a second surface (or a lower surface) opposite to each other, a first fin-
type active pattern 105A extending lengthwise in the first direction (e.g., the X-direction) in
the first cell region SC1 of the substrate 101, and having a first width W1, a second fin-type
active pattern 105B extending lengthwise in the first direction (e.g., the X-direction) in the
second cell region SC2 of the substrate 101, and having a second width W2 smaller than the
first width W1, and a device isolation pattern SP disposed between the first and second fin-
type active patterns 105A and 105B along a boundary between the first and second cell regions
SC1 and SC2. The second fin-type active pattern 105B may be arranged to overlap the first fin-
type active pattern 105A in the first direction (e.g., the X-direction). The first and second fin-
type active patterns 105A and 105B may be understood as the structures obtained by separating
a single fin-type active pattern having two fin portions with different widths W1 and W2 with
the device isolation pattern SP. The first and second widths W1 and W2 may be the maximum

widths of the first and second fin-type active patterns 105A and 105B, respectively. The first



and second fin-type active patterns 105A and 105B may be formed to extend above the upper
surface (e.g., the first surface) of the substrate 101. For example, the first and second fin-type
active patterns 105A and 105B may be described as protruding with respect to the upper surface
of the substrate 101. In some embodiments, the first and second fin-type active patterns 105A
and 105B may be part of the substrate 101 (e.g., formed by etching the substrate 101) or may
be formed on the substrate 101 (e.g., an epitaxial layer grown from the substrate 101).

[0029] As shown in FIG. 1A, the device isolation pattern SP may extend lengthwise in a
second direction (e.g., a Y-direction) between the first and second fin-type active patterns 105A
and 105B, and may isolate the plurality of fin-type active patterns adjacent in the second
direction. In addition, as shown in FIG. 2, the device isolation pattern SP may include an
insulating material filled in a trench extending to a partial region of the substrate 101 between
the first and second fin-type active patterns 105A and 105B. For example, a lower surface of
the device isolation pattern SP may be at a lower level than an upper surface of the substrate
101.

[0030] The semiconductor device 100 according to the present embodiment may include first
and second gate structures GS1 and GS2 extending lengthwise in the second direction (e.g.,
the Y-direction) intersecting the first direction (e.g., the X-direction), and crossing the first and
second fin-type active patterns 105A and 105B, respectively. In addition, the semiconductor
device 100 according to the present embodiment may include a first source/drain region 110A
disposed on the first fin-type active pattern 105A on both sides of the first gate structure GS1,
a second source/drain regions 110B disposed on the second fin-type active pattern 105B on
both sides of the second gate structure GS2, and first and second contact structures 180A and
180B connected to the first and second source/drain regions 110A and 110B, respectively, and
extending in a third direction (e.g., a Z-direction) perpendicular to the first surface of the
substrate 101.

[0031] The substrate 101 may include, for example, a semiconductor such as Si or Ge or a

compound semiconductor such as SiGe, SiC, GaAs, InAs, or InP. In another example, the



substrate 101 may have a silicon on insulator (SOI) structure. The first surface of the substrate
101 may be provided with first and second active regions 102A and 102B, and the first and
second active regions 102A and 102B may be conductive regions such as wells doped with
impurities or structures doped with impurities. In the present embodiment, the first and second
active regions 102A and 102B may be an N-type well for a P-MOS transistor and a P-type well
for an N-MOS transistor, respectively, but is not limited thereto.

[0032] A device isolation layer 130 may be formed on the first surface of the substrate 101 to
surround the first and second fin-type active patterns 105A and 105B. Portions of the first and
second fin-type active patterns 105A and 105B may protrude from an upper surface of the
device isolation layer 130. In example embodiments, the upper surfaces of the first and second
fin-type active patterns 105A and 105B may be coplanar with an upper surface of the device
isolation layer 130. For example, the upper surfaces of the first and second fin-type active
patterns 105A and 105B may be exposed by the device isolation layer 130. For example, the
device isolation layer 130 may include a silicon oxide or a silicon oxide-based insulating
material. The device isolation layer 130 may be divided into a first device isolation layer
defining the first and second active regions 102A and 102B and a second device isolation layer
defining the first and second fin-type active patterns 105A and 105B. The first device isolation
layer may have a bottom surface deeper than a bottom surface of the second device isolation
layer. For example, the first device isolation layer may also be referred to as a deep trench
isolation (DTI), and the second device isolation layer may also be referred to as a shallow
trench isolation (STI).

[0033] Referring to FIGS. 1A, 1B and 2, each of the first and second fin-type active patterns
105A and 105B may extend lengthwise in the first direction (e.g., the X-direction) on the first
surface of the substrate 101. A plurality of semiconductor patterns CH may be disposed on
each of the first and second fin-type active patterns 105A and 105B, respectively, and be spaced
apart from each other in a third direction (e.g., a Z-direction) perpendicular to the first surface

of the substrate 101. The first and second fin-type active patterns 105A and 105B and the



plurality of semiconductor patterns CH may be provided as a multi-channel layer of a transistor.
In the present embodiment, the plurality of semiconductor patterns CH is exemplified as three,
but the number thereof is not particularly limited. For example, the semiconductor patterns CH
may include at least one of silicon (Si), silicon germanium (SiGe) and germanium (Ge).

[0034] Asshown in FIG. 2, the first and second gate structures GS1 and GS2 employed in the
present embodiment may include gate spacers 141, a gate insulating layer 142 and a gate
electrode 145 sequentially disposed between the gate spacers 141, and a gate capping layer 147
disposed on the gate electrode 145. For example, the gate spacers 141 may include an insulating
material such as silicon nitride (SiN), silicon oxynitride (SiON), silicon carbonitride (SiCN) or
silicon oxycarbonitride (SIOCN). The gate insulating layer 142 may be formed of, for example,
a silicon oxide layer, a high-k dielectric layer, or a combination thereof. The high-k dielectric
layer may include a material having a permittivity (e.g., about 10 to 25) higher than that of a
silicon oxide. For example, the high-x dielectric layer may include a material selected from a
hafnium oxide, a hafnium oxynitride, a hafnium silicon oxide, a lanthanum oxide, a lanthanum
aluminum oxide, and a combination thereof, but is not limited thereto. The gate electrode 145
may include a conductive material, and for example, may include a metal nitride such as
titanium nitride (TiN), tantalum nitride (TaN) or tungsten nitride (WN), a metal material such
as aluminum (Al), tungsten (W) or molybdenum (Mo), and/or a semiconductor material such
as a doped polysilicon. In some embodiments, the gate electrode 145 may be a multilayer
including two or more layers. In addition, the gate capping layer 147 may include, for example,
a silicon nitride, a silicon oxynitride, a silicon carbonitride, or a silicon oxycarbonitride.

[0035] As described above, the first and second source/drain regions 110A and 110B may be
disposed on regions of the first and second fin-type active patterns 105A and 105B at both sides
of the first and second gate structures GS1 and GS2, respectively. The first and second
source/drain regions 110A and 110B may be connected to both ends of the plurality of
semiconductor patterns CH in the first direction (e.g., the X-direction), respectively,

therebetween. The gate electrode 145 may extend in a second direction (e.g., a Y-direction)
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across the first and second fin-type active patterns 105A and 105B, respectively, while
surrounding the plurality of semiconductor patterns CH. The gate electrodes 145 may be
interposed between the plurality of semiconductor patterns CH as well as in spaces between
the gate spacers 141. Internal spacers 148 provided between the respective first and second
source/drain regions 110A and 110B and the respective gate electrodes 145 may be included.
The internal spacers 148 may be provided on both sides of portions of the gate electrodes 145
along the first direction (e.g., the X-direction), which are interposed between the plurality of
semiconductor patterns CH. The plurality of semiconductor patterns CH may be connected to
the first or second source/drain regions 110A or 110B on both sides thereof, respectively, and
portions of the gate electrodes 145 positioned between the plurality of semiconductor patterns
CH may be electrically insulated from the first and second source/drain regions 110A and 110B
by the internal spacers 148. The gate insulating layer 142 may be disposed between the
respective gate electrode 145 and the respective semiconductor pattern CH, and may also
extend between the gate electrode 145 and the internal spacers 148. As such, the semiconductor
device 100 according to the present embodiment may constitute a gate-all-around type field
effect transistor.

[0036] The first and second source/drain regions 110A and 110B may include an epitaxial
pattern subjected to selective epitaxial growth (SEG) using, as a seed, recessed surfaces
(including side surfaces of the plurality of semiconductor patterns CH) of the first and second
fin-type active patterns 105A and 105B at both sides of the first and second gate structure GS1
and GS2. These first and second source/drain regions 110A and 110B may be also referred to
as a raised source/drain (RSD). For example, the first and second source/drain regions 110A
and 110B may be made of Si, SiGe, or Ge, and may have either N-type or P-type conductivity.
In the case of forming a P-type source/drain region, it may be re-grown with SiGe, and doped
with P-type impurities, for example, boron (B), indium (In), gallium (Ga), boron trifluoride
(BFs), etc. In the case of forming an N-type source/drain region using silicon (Si), it may be

doped with N-type impurities, for example, phosphorus (P), nitrogen (N), arsenic (As),
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antimony (Sb), etc. It may have different shapes along the crystallographically stable faces
during the growth process. For example, as shown in FIG. 2, the first and second source/drain
regions 110A and 110B may have a pentagonal cross section (in the case of a P-type impurity),
but otherwise, may have a hexagonal cross section or a polygonal cross section having a gentle
angle (in the case of an N-type impurity).

[0037] The semiconductor device 100 according to the present embodiment may include an
interlayer insulating layer 160 disposed on the device isolation layer 130. The interlayer
insulating layer 160 may be disposed around the first and second gate structures GS1 and GS2
while partially covering the first and second source/drain regions 110A and 110B. For example,
the interlayer insulating layer 160 may contact portions of the first and second gate structures
GS1 and GS2 and portions of the first and second source/drain regions 110A and 110B. For
example, the interlayer insulating layer 160 may include flowable oxide (FOX), tonen silazen
(TOSZ), undoped silica glass (USG), borosilica glass (BSG), phosphosilaca glass (PSG),
borophosphosilica glass (BPSG), plasma enhanced tetra ethyl ortho silicate (PETEQS),
fluoride silicate glass (FSG), high density plasma (HDP) oxide, plasma enhanced oxide
(PEOX), flowable CVD (FCVD) oxide, or a combination thereof. The interlayer insulating
layer 160 may be formed using a chemical vapor deposition (CVD) process, a flowable-CVD
process, or a spin coating process. In this specification, the term “interlayer insulating portion”
refers to an insulating portion including the interlayer insulating layer 160 and the device
isolation layer 130.

[0038] The first and second contact structures 180A and 180B may penetrate the interlayer
insulating layer 160 and be connected to the first and second source/drain regions 110A and
110B, respectively. For example, the first and second contact structures 180A and 180B may
contact the first and second source/drain regions 110A and 110B, respectively. The first and
second contact structures 180A and 180B may interconnect the first and second source/drain
regions 110A and 110B and the first wiring structure 190. The first and second contact

structures 180A and 180B may include a conductive barrier 182 and a contact plug (or a
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conductive material) 185. The conductive barrier 182 may contact lower and side surfaces of
the contact plug 185. Upper surfaces of the conductive barrier 182 and the contact plug 185
may be coplanar with an upper surface of the interlayer insulating layer 160.

[0039] A power delivery structure employed in the present embodiment may include a buried
conductive structure 150 connected to the second source/drain region 110B in the interlayer
insulating portion 130 and 160, a conductive through-structure 250 penetrating the substrate
101 from the second surface of the substrate 101 and connected to the buried conductive
structure 150, and a second wiring structure 290 disposed on the second surface of the substrate
101 and connected to the conductive through-structure 250. In the present embodiment, the
power delivery structure may further include a first wiring structure 190 disposed on the
interlayer insulating layer 160 and connecting the buried conductive structure 150 of the second
cell region SC2 and the first contact structure 180A of the first cell region SCL1.

[0040] Referringto FIGS. 1A and 3A, in the first cell region SC1, the first gate structures GS1
and GS1’ may be isolated by a gate isolation structure CT. End surfaces of the isolated first
gate structures GS1 and GS1’ may contact both side surfaces of the gate isolation structure CT,
respectively. The gate isolation structure CT may extend lengthwise in the first direction (e.g.,
the X-direction) along a boundary of the first cell region SC1 adjacent to the first fin-type active
pattern 105A. In the present embodiment, the gate isolation structure CT may be disposed on
upper and lower boundaries defining a height of the first cell region SC1, respectively.

[0041] The gate isolation structure CT may be formed to extend to the second cell region SC2
to isolate the second gate structures GS2 and GS2’. However, in a subsequent process, at least
a portion of the gate isolation structure CT positioned in the second cell region SC2 may be
removed, and a buried conductive structure 150 may be formed in the removed region.

[0042] In the present embodiment, it may be understood that a portion of the gate isolation
structure CT positioned in the second cell region SC2 is replaced with the buried conductive
structure 150. Specifically, as shown in FIGS. 1A, 1B and 3B, in the second cell region SC2,

the buried conductive structure 150 may be connected to the gate isolation structure CT and
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extend lengthwise in the first direction (e.g., the X-direction).

[0043] In the present embodiment, the buried conductive structure 150 may be formed in the
gate isolation structure CT, which is an inactive area, and may be selectively disposed in a
region adjacent to the second fin-type active pattern 105B having a relatively narrow second
width W2. Since a space of the second cell region SC2, in which the second fin-type active
pattern 105B having the relatively narrow second width W2 is disposed, is wider than a space
of the first cell region SC1, in which the first fin-type active pattern 105A having a relatively
wide first width W1 is disposed, the second cell region SC2 may provide more favorable
conditions for forming the buried conductive structure 150 than the first cell region SC1.
[0044] In the second cell region SC2, the buried conductive structure 150 may be formed to
have a width Wb greater than a width Wa of the gate isolation structure CT. As a result, it is
possible to contact the conductive through-structure 250 with a relatively large area, whereby
contact resistance between the buried conductive structure 150 and the conductive through-
structure 250 can be improved.

[0045] As shown in FIG. 3B, the conductive through-structure 250 may extend from the
second surface of the substrate 101 toward the first surface thereof and connected to the buried
conductive structure 150 so as to configure a desired power delivery structure. As shown in
FIGS. 1A and 1B, the conductive through-structure 250 may extend in a first direction (e.g.,
the X-direction). In the present embodiment, the conductive through-structure 250 may be
connected to a lower surface of the gate isolation structure CT in the first cell region SC1 (see
FIG. 3A), and may contact the buried conductive structure 150 in the second cell region SC2
(see FIG. 3B).

[0046] In the present embodiment, as shown in FIG. 3B, the conductive through-structure 250
may contact the buried conductive structure 150 on the first surface of the substrate 101. In
other embodiments, a contact location of the conductive through-structure 250 and the buried
conductive structure 150 may be variously changed within the device isolation layer 130 or

within the substrate 101.
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[0047] The semiconductor device 100 according to the present embodiment may supply
power to the first cell region SC1 as well as the second cell region SC2 through the buried
conductive structure 150 adjacent to the second fin-type active pattern 105B in the second cell
region SC2. FIG. 1B illustrates a plane in which first metal lines M1 and first metal vias V1 of
the first wiring structure (e.g., first wiring structure 190 in FIGS. 2, 3A, and 3B) are arranged
in the layout of FIG. 1A.

[0048] Referring to FIG. 3B together with FIG. 1B, the buried conductive structure 150 may
be directly connected to the second contact structure 180B disposed in the second source/drain
region 110B. For example, the buried conductive structure 150 may contact the second contact
structure 180B disposed in the second source/drain region 110B. The second contact structure
180B may have an extension portion 180E2 extending in the second direction (e.g., the Y-
direction). The second contact structure 180B may be connected to the buried conductive
structure 150 by the extension portion 180E2. Desired power (e.g., drain voltage VDD or
source voltage VSS) may be supplied to the second cell region SC2 through this connection.
[0049]  Meanwhile, in the semiconductor device 100 according to the present embodiment,
the buried conductive structure 150 may supply power to the first fin-type active pattern 105A
(in particular, the first source/drain region 110A) positioned in the first cell region SC1 through
the first wiring structure 190.

[0050] Specifically, referring to FIGS. 1B, 3A, and 3B, the first wiring layer 195 may include
a first metal line M1 (in particular, a power line PM1 or PM2) extending lengthwise in the first
direction (e.g., the X-direction), and a second metal via V1b electrically connecting the first
metal line M1 (in particular, a power line PM1 or PM2) and the buried conductive structure
150. The second metal via V1b may be connected to at least one of the buried conductive
structure 150 and the extension portion 180E2 of the second contact structure 180B. In the
present embodiment, the second metal via VV1b may be connected to both the buried conductive
structure 150 and the extension portion 180E2 of the second contact structure 180B. The first

metal line M1 (in particular, the power line PM1 or PM2) may extend in the first direction (e.g.,
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the X-direction) and be formed across the first and second cell regions SC1 and SC2.

[0051] Referring to FIG. 3A, the first contact structure 180A may have an extension portion
180E1 extending in the second direction (e.g., the Y-direction) similarly to the second contact
structure 180B. The extension portion 180E1 of the first contact structure 180A may overlap
the first metal line M1 (in particular, a power line PM1 or PM2) in a vertical direction (e.g.,
the Z-direction). In the present embodiment, the extension portion 180E1 of the first contact
structure 180A may have a portion overlapping a portion of the gate isolation structure CT. In
the first cell region SC1, the first metal line M1 may be connected to the extension portion
180E1 of the first contact structure 180A by a first metal via V1a. The buried conductive
structure 150 may supply power (e.g., source voltage VSS or drain voltage VDD) to the first
source/drain region 110A positioned in the first cell region SC1 through the connection
structure of the first wiring layer 195.

[0052] In the present embodiment, the power delivery structure (e.g., the buried conductive
structure 150 and the conductive through-structure 250) may be configured to be formed on
the upper and lower boundaries of the first and second cell regions SC1 and SC2, respectively,
and supply power (e.g., drain voltage VDD and source voltage VSS) to the active regions of
the first and second cell regions SC1 and SC2.

[0053] Asshown in FIG. 1B, the first metal line M1 may include first and second power lines
PM1 and PM2 disposed on the upper and lower boundaries, respectively, and signal lines M1a,
M1b and M1c therebetween. As described above, each of the first and second power lines PM1
and PM2 may be configured to connect the buried conductive structure 150 of the second cell
region SC2 and the first contact structure 180A of the first cell region SC1 each other. The
signal lines M1a, M1b, and M1c may be connected to the first and second gate structures GS1
and GS2 and/or the first and second source/drain regions 110A and 110B through the metal via
V1c in the first and second cell regions SC1 and SC2. In some embodiments, widths in the
second direction (e.g., the Y-direction) of the first and second power lines PM1 and PM2 may

be greater than widths in the second direction of the signal lines M1a, M1b, and M1c.
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[0054] In the present embodiment, the buried conductive structure 150 may include a first
contact plug 155 and a first conductive barrier 152 disposed on a side surface and a bottom
surface of the first contact plug 155. The first conductive barrier 152 may contact the side and
bottom surfaces of the first contact plug 155. In some embodiments, the buried conductive
structure 150 may further include a first insulating liner 151 positioned on a portion of the first
conductive barrier 152 surrounding the side surface of the first contact plug 155. In example
embodiments, the first insulating liner 151 may contact the first conductive barrier 152.
[0055] The conductive through-structure 250 may have a trench structure extending in the
first direction (e.g., the X-direction) while penetrating the substrate 101, and may include a
second contact plug 255, a second conductive barrier 252 disposed on a side surface and an
upper surface of the second contact plug 255, and a second insulating liner 251 disposed
between the second conductive barrier 252 and the substrate 101. The second conductive
barrier 252 may contact the side and upper surfaces of the second contact plug 255.

[0056] For example, at least one of the first conductive barrier 152 and the second conductive
barrier 252 may include Ta, TaN, Mn, MnN, WN, Ti, TiN, or a combination thereof. In the
present embodiment, the first conductive barrier 152 and the second conductive barrier 252
may include different conductive materials. In some embodiments, the first conductive barrier
152 may include TiN. The second conductive barrier 252 may include TaN or Co/TaN.
[0057] For example, at least one of the first contact plug 155 and the second contact plug 255
may include Cu, Co, Mo, Ru, W, or an alloy thereof. In the present embodiment, the first
contact plug 155 and the second contact plug 255 may include different conductive materials.
In some embodiments, the first contact plug 155 may include Mo. The second contact plug 255
may include Cu or W. For example, at least one of the first insulating liner 151 and the second
insulating liner 251 may include, for example, SiO», SiN, SiCN, SiC, SiCOH, SiON, Al.O3,
AIN, or a combination thereof.

[0058] The first wiring structure 190 may include a plurality of first insulating layers 191 and

a first wiring layer 195 disposed on the plurality of first insulating layers 191. The first wiring
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layer 195 may include a metal line M1 and a metal via V1. The metal line M1 may be disposed
on the first insulating layer 191, and the metal via V1 may penetrate the first insulating layer
191. As described above, the metal via V1 may include the first metal via VV1a connecting the
metal line M1 (in particular, a power line PM1 or PM2) and the first contact structure 180A,
and the second metal via VV1b connecting the metal line M1 (in particular, a power line PM1
or PM2) and the buried conductive structure 150 (see FIG. 1B). For example, the first insulating
layer 191 may include a silicon oxide, a silicon oxynitride, SIOC, SiCOH, or a combination
thereof. For example, the metal line M1 and the metal via V1 may include copper or a copper-
containing alloy. In some embodiments, the metal line M1 and the metal via V1 may be formed
together using a dual-damascene process.

[0059] An etch stop layer (not shown) may be disposed on the second surface of the substrate
101, and the second wiring structure 290 connected to the conductive through-structure 250
may be disposed on the etch stop layer. Similar to the first wiring structure 190, the second
wiring structure 290 may include a plurality of second insulating layers 291 and a second
wiring layer 295 disposed on the plurality of second insulating layers 291. Similar to the first
wiring layer 195, the second wiring layer 295 may include a metal line M2 and a metal via V2.
[0060] In the present embodiment, the second wiring layer 295 of the second wiring structure
290 may include a wiring layer for power delivery, and the first wiring layer 195 of the first
wiring structure 190 may include a wiring layer for signal transmission. Power is supplied to
the second contact structure 180B of the second cell region SC2 through the second wiring
layer 295 positioned on the second surface of the substrate 101, the conductive through-
structure 250 and the buried conductive structure 150, and may also be supplied to the first
contact structure 180A of the first cell region SC1 through the first wiring layer 195 connected
to the buried conductive structure 150.

[0061] FIGS. 4A and 4B are plan views illustrating an arrangement of fin-type active patterns
and a buried conductive structure according to various example embodiments.

[0062] Referring to FIG. 4A, an arrangement of the first and second fin-type active patterns
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105A and 105B, the buried conductive structure 150, and the conductive through-structure 250
implemented in the plan views of FIGS. 1A and 1B are illustrated.

[0063] In the present embodiment, as described above, the second width W2 of the second
fin-type active pattern 105B is smaller than the first width W1 of the first fin-type active pattern
105A. As shown in FIG. 4A, the first and second fin-type active patterns 105A and 105B may
be formed such that their side surfaces facing the gate isolation structure CT are not coplanar
with each other but their side surfaces opposite to the gate isolation structure CT are
substantially coplanar with each other.

[0064] Specifically, the first fin-type active pattern 105A may have a first side surface facing
the gate isolation structure CT and a second side surface opposite to the first side surface, and
the second fin-type active pattern 105B may have a first side surface not coplanar with the first
side surface of the first fin-type active pattern 105A and a second side surface substantially
coplanar with the second side surface of the first fin-type active pattern 105A.

[0065] Due to the arrangement of the first and second fin-type active patterns 105A and 105B,
a straight distance d2 between the second fin-type active pattern 105B and the gate isolation
structure CT in the second direction (e.g., the Y-direction) may be greater than a straight
distance d1 between the first fin-type active pattern 105A and the gate isolation structure CT
in the second direction (e.g., the Y-direction). Referring to FIG. 4A, a portion of the gate
isolation structure CT adjacent to the second fin-type active pattern 105B is shown, but it
should be understood that a portion of the gate isolation structure CT corresponding to the
buried conductive structure 150 will be removed in the final semiconductor device 100 and
does not exist.

[0066] As such, since a space between the second fin-type active pattern 105B and the gate
isolation structure CT is larger than a space between the first fin-type active pattern 105A and
the gate isolation structure CT, the buried conductive structure 150 may be formed at a portion
of the gate isolation structure CT adjacent to the second fin-type active pattern 105B. In

addition, the width Wb of the buried conductive structure 150 in the second direction (e.g., the
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Y-direction) may be greater than the width Wa of the gate isolation structure CT in the second
direction (e.g., the Y-direction).
[0067] The width Wb of the buried conductive structure 150 employed in the present
embodiment in the second direction may satisfy the following Equation (1):

Wa <Wb < (Wa+2AW)....ccccenen. Equation (1)

where AW refers to a difference between the first width W1 and the second width
W2.
[0068] In addition, as shown in FIG. 4A, a length L of the buried conductive structure 150 in
the first direction (e.g., the X-direction) may be extended to a range corresponding to a width
of the second cell region SC2 in the first direction (e.g., the X-direction).
[0069] As such, in the present embodiment, since the buried conductive structure 150 is
formed in a relatively large space of the second cell region SC2, it may have a relatively wide
contact area with the conductive through-structure 250. As a result, contact resistance between
the buried conductive structure 150 and the conductive through-structure 250 may be reduced.
[0070] As shown in FIG. 4B, the formation region of a buried conductive structure 150” may
be variously changed under the same conditions.
[0071] Referring to FIG. 4B, the semiconductor device 100’ according to the present
embodiment may include a buried conductive structure 150” extending in the second direction
(e.g., the Y-direction) to have a width Wb’ greater than that of the previous embodiment. In
the present embodiment, a portion of the buried conductive structure 150° may overlap a
portion of the first fin-type active pattern 105A in the first direction (e.g., the X-direction). Of
course, the buried conductive structure 150° may be spaced apart from the second fin-type
active pattern 105B by a predetermined distance (d”) to avoid unwanted contact with the
second fin-type active pattern 105B and its associated active elements.
[0072] Meanwhile, a length L’ of the buried conductive structure 150’ in the first direction
(e.q., the X-direction) may be less than the length L of the previous embodiment. As such, the

buried conductive structure 150 may be designed to have an appropriate length within a length
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range of the second fin-type active pattern 105B in the first direction.

[0073] FIGS. 5A and 5B are cross-sectional views of a semiconductor device according to an
example embodiment of the present inventive concept.

[0074] Referring to FIGS. 5A and 5B, it can be understood that a semiconductor device 100A
according to the present embodiment may have similar structures to the semiconductor device
100 illustrated in FIGS. 1A to 4A, except for the facts that portions of the substrate 101 other
than the first and second fin-type active patterns 105A and 105B are removed, the second
wiring structure 290 is disposed on a lower surface of the device isolation layer 130, and the
power delivery line 270 is implemented in the second wiring structure 290 as a power line,
instead of the conductive through-structure. In addition, components of the present
embodiment may be understood with reference to descriptions of the same or similar
components of the semiconductor device 100 illustrated in FIGS. 1A to 4A, unless otherwise
stated.

[0075] In the semiconductor device 100A according to the present embodiment, a portion of
the substrate 101 may be removed through a polishing process. The first and second fin-type
active patterns 105A and 105B and the device isolation layer 130 may be exposed on a lower
surface of the structure obtained after such polishing. The second wiring structure 290 may be
formed on the lower surface. The second wiring structure 290 employed in the present
embodiment may include a power delivery line 270 connected to the buried conductive
structure 150A. The power delivery line 270 may extend in the first direction (e.g., the X-
direction) or the second direction (e.g., the Y-direction).

[0076] The power delivery line 270 may have a rail structure extending in one direction. For
example, the power delivery lines 270 may extend in the first direction (e.g., the X-direction)
and be spaced apart from each other in the second direction (e.g., the Y-direction). The power
delivery line 270 may include a conductive line 275, a conductive barrier 272 and an insulating
liner 271.

[0077] Similar to the first wiring structure 190, the second wiring structure 290 may include
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a plurality of second insulating layers 291a and 291b and a second wiring layer 295 disposed
on the plurality of second insulating layers 291a and 291b. Similar to the first wiring layer 195,
the second wiring layer 295 may include a metal line M2 and a metal via V2. Here, the metal
via V2 may be connected to the power delivery line 270 (see FIG. 5B). In the present
embodiment, the second wiring layer 295 of the second wiring structure 290 may be used as a
wiring layer for power delivery, and the first wiring layer 195 of the first wiring structure 190
may be used as a wiring layer for signal transmission. Power may be directly delivered from
the second wiring structure 290 (in particular, the power delivery line 270) through the buried
conductive structure (e.g., buried conductive structure 150A) to the second contact structure
180B in the second cell region SC2, and may be delivered to the first contract structure 180A
through the first wiring layer 195 in the first cell region SC1.

[0078] According to the present embodiment, since the substrate is removed, a thickness of
the final semiconductor device 100A can be reduced, and the conductive through-structure (e.g.,
conductive through-structure 250 in FIG. 3B) configured to penetrate the substrate can be
omitted, thereby simplifying the entire process.

[0079] FIGS. 6A and 6B are cross-sectional views of a semiconductor device according to an
example embodiment of the present inventive concept.

[0080] Referring to FIGS. 6A and 6B, it can be understood that a semiconductor device 100B
according to the present embodiment may have similar structures to the semiconductor device
100 illustrated in FIGS. 1A to 4A, except for the fact that contact portions of a buried
conductive structure 150B and a conductive through-structure 250B are positioned in the
substrate 101. In addition, components of the present embodiment may be understood with
reference to descriptions of the same or similar components of the semiconductor device 100
illustrated in FIGS. 1A to 4A, unless otherwise stated.

[0081] In the present embodiment, each of the buried conductive structure 150B and the
conductive through-structure 250B may be configured such that the contact portions thereof

are positioned within the substrate 101. The buried conductive structure 150B may be formed
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to penetrate the interlayer insulating portion (e.g., the interlayer insulating layer 160 and the
device isolation layer 130) and extend into the substrate 101, and the conductive through-
structure 250B may extend from the second surface of the substrate 101 and contact a bottom
surface of the buried conductive structure 150B.

[0082] The buried conductive structure 150B employed in the present embodiment may
include a first contact plug 155, a first conductive barrier 152 disposed on a side surface and a
bottom surface of the first contact plug 155, and a first insulating liner 151 positioned on a
portion of the first conductive barrier 152 surrounding the side surface of the first contact plug
155. In addition, the conductive through-structure 250B may has a trench structure penetrating
the substrate 101 and extending in the first direction (e.g., the X-direction), and include a
second contact plug 255, a second conductive barrier 252 disposed on a side surface and an
upper surface of the second contact plug 255, and a second insulating liner 251 disposed
between the second conductive barrier 252 and the substrate 101.

[0083] As such, the structure of the conductive through-structure 250B may be variously
changed along with the contact portions of the buried conductive structure 150B and the
conductive through-structure 250B. In the previous embodiment, it was described that the
conductive through-structure 250B also has a trench structure (or rail structure) extending
along the first direction, but the conductive through-structure may be formed to have a through-
hole structure (see FIG. 7).

[0084] FIG. 7 is a plan view illustrating a semiconductor device according to an example
embodiment of the present inventive concept, and FIGS. 8A and 8B are cross-sectional views
of the semiconductor device of FIG. 7 taken along lines I11-111" and 112-112".

[0085] Referring to FIGS. 7, 8A, and 8B, it can be understood that a semiconductor device
100C according to the present embodiment may have similar structures to the semiconductor
device 100 illustrated in FIGS. 1A to 4A, except for the facts that contact portions of a buried
conductive structure 150C and a conductive through-structure 250C are positioned in the

substrate 101, and the conductive through-structure 250C has a through-hole structure unlike
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the previous embodiment. In addition, components of the present embodiment may be
understood with reference to descriptions of the same or similar components of the
semiconductor device 100 illustrated in FIGS. 1A to 4A, unless otherwise stated.

[0086] In the present embodiment, similar to the previous embodiment (see FIG. 6B), the
buried conductive structure 150C and the conductive through-structure 250C may be
configured such that the contact portions thereof are positioned within the substrate 101. In
addition, the conductive through-structure 250C employed in the present embodiment may
have a through hole structure as shown in FIG. 7.

[0087] A second wiring structure 290 may be formed on the second surface of the substrate
101. The second wiring structure 290 employed in the present embodiment may include a
power delivery line 270 connected to the conductive through-structure 250C of a through hole
structure. A plurality of the power delivery line 270 may extend in the first direction (e.g., the
X-direction) or the second direction (e.g., the Y-direction), and be connected to a plurality of
the conductive through-structures 250C, respectively.

[0088] The power delivery lines 270 may have a rail structure extending lengthwise in one
direction. For example, as shown in FIG. 7, the power delivery lines 270 may extend lengthwise
in the first direction (e.g., the X-direction), and be spaced apart from each other in the second
direction (e.g., the Y-direction).

[0089] Similar to the first wiring structure 190, the second wiring structure 290 may include
a plurality of second insulating layers 291 and a second wiring layer 295 disposed on the
plurality of second insulating layers 291. Similar to the first wiring layer 195, the second wiring
layer 295 may include a metal line M2 and a metal via V2. Here, the metal via V2 may be
connected to the power delivery line 270 (see FIG. 8B). Power may be directly delivered from
the second wiring structure 290 (in particular, the power delivery line 270) through the buried
conductive structure (e.g., buried conductive structure 150C) to the second contact structure
180B in the second cell region SC2, and may be delivered to the first contract structure 180A

through the first wiring layer 195 in the first cell region SC1.
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[0090] FIG. 9 is a cross-sectional view of a semiconductor device according to an example
embodiment of the present inventive concept.

[0091] Referringto FIG. 9, it can be understood that a semiconductor device 100C’ according
to the present embodiment may have similar structures to the semiconductor device 100C
illustrated in FIGS. 7, 8A, and 8B, except for the fact that contact portions of a buried
conductive structure 150C” and a conductive through-structure 250C” are positioned in the
interlayer insulating portion (e.g., the device isolation layer 130). In addition, components of
the present embodiment may be understood with reference to descriptions of the same or
similar components of the semiconductor device 100C illustrated in FIGS. 7, 8A, and 8B,
unless otherwise stated.

[0092] Similar to the embodiment shown in FIGS. 8A and 8B, the conductive through-
structure 250C° employed in the present embodiment may have a through hole structure, and
the power delivery line 270 may be connected to the conductive through-structure 250C’ of a
through hole structure. A second wiring structure 290 employed in the present embodiment
may be disposed on the second surface of the substrate 101, and include the power delivery
line 270 and a second wiring layer 295 connected to the power delivery line 270.

[0093] In the present embodiment, each of the buried conductive structure 150C’ and the
conductive through-structure 250C” may be configured such that the contact portions thereof
are positioned within an interlayer insulating portion (in particular, the device isolation layer
130). The buried conductive structure 150C° may be formed to penetrate the interlayer
insulating layer 160 and extend to a partial region of the device isolation layer 130, and the
conductive through-structure 250C” may extend from the second surface of the substrate 101
and contact a bottom surface of the buried conductive structure 150C”. Since the conductive
through-structure 250C” employed in the present embodiment has a through hole structure, it
may be formed to extend to a partial area of the device isolation layer 130.

[0094] FIG. 10 is a plan view illustrating a semiconductor device according to an example

embodiment of the present inventive concept, FIG. 11 is a cross-sectional view of the
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semiconductor device of FIG. 10 taken along line I-I’, and FIGS. 12A and 12B are cross-
sectional views of the semiconductor device of FIG. 10 taken along lines 111-111° and I12-112°.
[0095] Referring to FIGS. 11, 12A, and 12B together with FIG. 10, it can be understood that
a semiconductor device 100D according to the present embodiment may have similar structures
to the semiconductor device 100 illustrated in FIGS. 1A to 4A, except for the facts that a
channel region is provided with two first active fins 105A or two second active fins 105B in
each cell region, and a buried conductive structure 150D extends lengthwise in the first
direction (e.g., the X-direction) in the gate isolation structure CT positioned in the second cell
region SC2. In addition, components of the present embodiment may be understood with
reference to descriptions of the same or similar components of the semiconductor device 100
illustrated in FIGS. 1A to 4A, unless otherwise stated.

[0096] Unlike the multi-channel layers stacked in the vertical direction of the previous
embodiment, the channel region employed in the present embodiment may include first and
second active fins 105A and 105B. Each of the first active fins 105A may have a structure
extending lengthwise in a first direction (e.g., an X-direction) in the first cell region SC1 of the
substrate 101, and protruding upwardly (e.g., in the Z-direction) from the first active region
102A.

[0097] Similarly, each of the second active fins 105B may have a structure extending
lengthwise in the first direction (e.g., the X-direction) in the second cell region SC2 of the
substrate 101, and protruding upwardly (e.g., in the Z-direction) from the second active region
102B.

[0098] In the present embodiment, it can be understood that the second active fins 105B are
structures in which each of the second active fins 105B has widths smaller than a width of each
of the first active fins 105A, the second active fins 105B is arranged to overlap the respective
first active fins 105A in the first direction (e.g., the X-direction), and each one fin structure is
isolated by the device isolation pattern SP.

[0099] A plurality of active fins 105A and 105B may be arranged side by side in the second
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direction (e.g., the Y-direction) in the first and second active regions 102A and 102B. With
reference to FIGS. 10, 12A, and 12B, the adjacently arranged two first active fins 105A or
second active fins 105B may provide a channel region for one transistor. In the present
embodiment, each of the first active fins 105A and the second active fins 105B are exemplified
as being provided by two, but are not limited thereto, and may be provided singly or in a
plurality (e.g., three or more) thereof.

[0100] As shown in FIG. 10, the first and second active fins 105A and 105B adjacent to the
gate isolation structure CT may be arranged to have different distances from the gate isolation
structure CT in the second direction (e.g., the Y-direction). The adjacent first and second active
fins 105A and 105B in the first direction (e.g., the X-direction) may be arranged such that their
side surfaces facing the gate isolation structure CT are not coplanar with each other but their
side surfaces opposite to the gate isolation structure CT are substantially coplanar with each
other. In the present embodiment, a difference in a distance between the first active fin 105A
and the gate isolation structure CT in the second direction (e.g., the Y-direction) and a distance
between the second active fin 105B and the gate isolation structure CT in the second direction
(e.g., the Y-direction) may be defined as a difference in width between the first and second
active fins 105A and 105B.

[0101] A semiconductor device 100D according to the present embodiment may include first
and second source/drain regions 110A and 110B formed across two first active fins 105A and
two second active fins 105B, respectively, and first and second contact structures 180A and
180B connected to the first and second source/drain regions 110A and 110B, respectively.
[0102] The first and second gate structures GS1 and GS2 employed in the present embodiment
may extend to intersect the first and second active fins 105A and 150B, respectively. The first
and second gate structures GS1 and GS2 may include gate spacers 141, a gate insulating layer
142 and a gate electrode 145 sequentially disposed between the gate spacers 141, and a gate
capping layer 147 disposed on the gate electrode 145.

[0103] In the first and second cell regions SC1 and SC2, the gate isolation structure CT may
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extend in the first direction in order to isolate the first gate structures GS1 and GS1’ and the
second gate structures GS2 and GS2’, respectively. Each of end surfaces of the isolated first
and second gate structures GS1, GS1’, GS2 and GS2’ may contact both side surfaces of the
gate isolation structure CT, respectively. The gate isolation structure CT may extend in the first
direction (e.g., the X-direction) along a boundary (i.e., an upper boundary) of the first and
second cell regions SC1 and SC2 adjacent to the first and second active fins 105A and 105B.
In the present embodiment, the gate isolation structure CT may be disposed at upper and lower
boundaries defining heights of the first and second cell regions SC1 and SC2, respectively.
[0104] In the present embodiment, after removing at least a portion of the gate isolation
structure CT positioned in the second cell region SC2, the buried conductive structure 150D
may be formed in the removed region. As shown in FIGS. 10 and 12B, in the second cell region
SC2, the buried conductive structure 150D may extend lengthwise in the first direction (e.g.,
the X-direction) within the gate isolation structure CT.

[0105] As illustrated in FIG. 12A, the buried conductive structure 150D employed in the
present embodiment may have a width in the second direction (e.g., the Y-direction) smaller
than a width of the gate isolation structure CT in the second direction (e.g., the Y-direction).
[0106] As shown in FIG. 12B, the conductive through-structure 250D may extend from the
second surface of the substrate 101 toward the first surface, and be connected to the buried
conductive structure 150D. As shown in FIG. 10, the conductive through-structure 250D may
extend along the first direction (e.g., the X-direction).

[0107] In the present embodiment, the conductive through-structure 250D may be connected
to a lower surface of the gate isolation structure CT in the first cell region SC1 (see FIG. 12A),
and may contact the buried conductive structure 150D in the second cell region SC2 (see FIG.
12B).

[0108] Referring to FIGS. 10, 12A, and 12B, the semiconductor device 100D according to the
present embodiment may supply power to the first cell region SC1 as well as the second cell

region SC2 through the buried conductive structure 150D adjacent to the second active fin
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105B in the second cell region SC2.

[0109] First, referring to FIG. 12B, the buried conductive structure 150D may be directly
connected to the second contact structure 180B disposed in the second source/drain region
110B. For example, the buried conductive structure 150D may contact the second contact
structure 180B disposed in the second source/drain region 110B. The second contact structure
180B may have an extension portion 180E2 extending in the second direction (e.g., the Y-
direction). The extension portion 180E2 of the second contact structure 180B may be connected
to the buried conductive structure 150D positioned in the gate isolation structure CT. Desired
power (e.g., drain voltage VDD or source voltage VSS) may be supplied to the second cell
region SC2 through this connection.

[0110] Meanwhile, the first wiring structure 190 disposed on the interlayer insulating layer
160 may connect the buried conductive structure 150D to the first source/drain region 110A
related to the first active fin 105A and also supply desired power (e.g., drain voltage VDD or
source voltage VSS) to the first cell region SC1.

[0111] Specifically, referring to FIGS. 12A and 12B, the first wiring layer 195 may include a
first metal line M1 extending in the first direction (e.g., the X-direction), and a second metal
via V1b electrically connecting the first metal line M1 and the buried conductive structure
150D. The second metal via V1b may be connected to at least one of the buried conductive
structure 150D and the extension portion 180E2 of the second contact structure 180B. The first
metal line M1 may extend in the first direction (e.g., the X-direction), and be formed across the
first and second cell regions SC1 and SC2.

[0112] Referring to FIG. 12A, similar to the second contact structure 180B, the first contact
structure 180A may have an extension portion 180E1 extending in the second direction (e.g.,
the Y-direction). The extension portion 180E1 of the first contact structure 180A may overlap
the first metal line M1 in the vertical direction (e.g., the Z-direction). In the present embodiment,
the extension portion 180E1 of the first contact structure 180A may have a portion overlapping

a portion of the gate isolation structure CT. In the first cell region SC1, the first metal line M1
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may be connected to the extension portion 180E1 of the first contact structure 180A through a
first metal via VV1a. Through the connection structure of the first wiring layer 195, the buried
conductive structure 150D may supply power (e.g., source voltage VSS or drain voltage VDD)
to the first source/drain region 110A positioned in the first cell region SC1.

[0113] In the present embodiment, the power delivery structure (the buried conductive
structure 150D and the conductive through-structure 250D) may be configured to be formed
on the upper and lower boundaries of the first and second cell regions SC1 and SC2,
respectively, and supply power (e.g., drain voltage VDD and source voltage VSS) to the active
regions of the first and second cell regions SC1 and SC2.

[0114] In a semiconductor device having a first fin-type active pattern having a first width
and a second fin-type active pattern having a second width, smaller than the first width, it is
possible to realize a power delivery system capable of effectively utilizing a limited space by
disposing a buried conductive structure in a portion of a gate isolation structure adjacent to the
second fin-type active pattern. In some embodiments, the buried conductive structure may
supply power to the second fin-type active pattern through a direct connection with the second
contact structure, and may supply power to the first fin-type active pattern through a wiring
layer.

[0115] While example embodiments have been shown and described above, it will be apparent
to those skilled in the art that modifications and variations could be made without departing

from the scope of the present inventive concept as defined by the appended claims.
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What is claimed is:
1. A semiconductor device, comprising:

a substrate having first and second surfaces opposite to each other;

a first fin-type active pattern extending lengthwise in a first direction on the first
surface of the substrate and having a first width in a second direction intersecting the first
direction;

a second fin-type active pattern spaced apart from the first fin-type active pattern in
the first direction, and extending lengthwise in the first direction on the first surface of the
substrate, the second fin-type active pattern having a second width in the second direction, the
second width being smaller than the first width;

a device isolation pattern disposed between the first and second fin-type active patterns;

first and second gate structures extending lengthwise in the second direction, and
crossing the first and second fin-type active patterns, respectively;

a first source/drain region disposed on the first fin-type active pattern on at least one
side of the first gate structure;

a second source/drain region disposed on the second fin-type active pattern on at least
one side of the second gate structure;

an interlayer insulating portion disposed on the first surface of the substrate, and
covering the first and second source/drain regions;

first and second contact structures disposed in the interlayer insulating portion and
connected to the first and second source/drain regions, respectively;

a gate isolation structure positioned adjacent to the first fin-type active pattern in the
second direction in the interlayer insulating portion, and extending lengthwise in the first
direction while contacting one end surface of the first gate structure;

a buried conductive structure extending in the first direction while contacting one end
surface of the gate isolation structure in the interlayer insulating portion, and connected to the

second contact structure;
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a conductive through-structure extending from the second surface of the substrate
toward the first surface of the substrate, and connected to the buried conductive structure; and
a first wiring structure disposed on the interlayer insulating portion, and having a first
wiring layer electrically connected to the first contact structure and the buried conductive

structure.

2. The semiconductor device of claim 1, wherein the buried conductive structure has a
width in the second direction greater than a width of the gate isolation structure in the second

direction.

3. The semiconductor device of claim 1,

wherein the first fin-type active pattern has a first side surface facing the gate isolation
structure and a second side surface opposite to the first side surface, and

wherein the second fin-type active pattern has a first side surface that is not coplanar
with the first side surface of the first fin-type active pattern and a second side surface that is

substantially coplanar with the second side surface of the first fin-type active pattern.

4. The semiconductor device of claim 3, wherein a width Wb of the buried conductive
structure in the second direction satisfies Equation (1) below:

Wa<Whb < (Wa+2AW)......c.c....... Equation (1)

where Wa denotes a width of the gate isolation structure in the second direction, and

AW denotes a difference between the first width and the second width.

5. The semiconductor device of any one of claims 1 to 4,

wherein the first contact structure has a first extension portion extending in the second

direction, and
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wherein the first wiring layer comprises a metal line extending in the first direction

and a first metal via electrically connecting the metal line and the first extension portion.

6. The semiconductor device of claim 5, wherein the first extension portion of the first

contact structure overlaps a portion of the gate isolation structure.

7. The semiconductor device of claim 5 or claim 6,

wherein the second contact structure has a second extension portion extending in the
second direction and connected to the buried conductive structure, and

wherein the first wiring layer further comprises a second metal via electrically

connecting the metal line and the buried conductive structure.

8. The semiconductor device of claim 7, wherein the second metal via is connected to

both the buried conductive structure and the second extension portion.

9. The semiconductor device of any one of claims 1 to 8, wherein the conductive through-
structure penetrates the substrate and extends into the interlayer insulating portion, and is

connected to the buried conductive structure in the interlayer insulating portion.

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

wherein the buried conductive structure comprises a first conductive material and a
first conductive barrier surrounding a side surface and a lower surface of the first conductive
material, and

wherein the conductive through-structure comprises a second conductive material, a
second insulating liner surrounding a side surface of the second conductive material, and a
second conductive barrier disposed between the second conductive material and the second

insulating liner and extending to an upper surface of the second conductive material.
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11. The semiconductor device of any one of claims 1 to 9, wherein the buried conductive

structure is connected to the conductive through-structure in the substrate.

12. The semiconductor device of claim 11,

wherein the buried conductive structure comprises a first conductive material, a first
insulating liner surrounding a side surface of the first conductive material, and a first
conductive barrier disposed between the first conductive material and the first insulating liner
and extending to a bottom surface of the first conductive material, and

wherein the conductive through-structure comprises a second conductive material, a
second insulating liner surrounding a side surface of the second conductive material, and a
second conductive barrier disposed between the second conductive material and the second

insulating liner and extending to an upper surface of the second conductive material.

13. The semiconductor device of any one of claims 1 to 12, wherein the conductive

through-structure has a trench structure extending in the first direction.

14. The semiconductor device of any one of claims 1 to 13, further comprising:

a power delivery line disposed on the second surface of the substrate, and connected
to the conductive through-structure,

wherein the conductive through-structure has at least one through hole structure

connecting the power delivery line and the buried conductive structure.

15. The semiconductor device of any one of claims 1 to 14, further comprising:

a second wiring structure disposed on the second surface of the substrate, and having

a second wiring layer electrically connected to the conductive through-structure.
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16. The semiconductor device of any one of claims 1 to 15, further comprising:

a plurality of semiconductor patterns disposed on each of first and second fin-type
active patterns, and spaced apart from each other in a direction perpendicular to the first surface
of the substrate,

wherein each of the first and second gate structures comprises a gate electrode
surrounding each of corresponding semiconductor patterns of the plurality of semiconductor
patterns and extending in the second direction, and a gate insulating layer disposed between

the corresponding semiconductor patterns and the gate electrode.

17. A semiconductor device, comprising:

a substrate having a first surface having a first cell region and a second cell region
arranged in a first direction, and a second surface opposite to the first surface;

a first fin-type active pattern extending lengthwise in the first direction in the first cell
region of the substrate and having a first width in a second direction intersecting the first
direction;

a second fin-type active pattern overlapping the first fin-type active pattern in the first
direction in the second cell region of the substrate, extending lengthwise in the first direction,
and having a second width in the second direction, the second width being smaller than the first
width;

a device isolation pattern disposed between the first and second fin-type active patterns
along a boundary between the first and second cell regions;

first and second gate structures disposed in the first and second cell regions,
respectively, and extending lengthwise in the second direction to cross the first and second fin-
type active patterns, respectively;

a first source/drain region disposed on the first fin-type active pattern on at least one

side of the first gate structure;
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a second source/drain region disposed on the second fin-type active pattern on at least
one side of the second gate structure;

first and second contact structures connected to the first and second source/drain
regions, respectively, and extending in a direction perpendicular to the first surface of the
substrate;

a gate isolation structure positioned at a boundary of the first cell region adjacent to
the first fin-type active pattern in the second direction, and extending in the first direction while
contacting one end surface of the first gate structure;

a buried conductive structure positioned at a boundary of the second cell region
adjacent to the second fin-type active pattern in the second direction, extending in the first
direction while contacting one end surface of the gate isolation structure, and connected to the
second contact structure;

a conductive through-structure extending from the second surface of the substrate
toward the first surface of the substrate, and connected to the buried conductive structure;

a first wiring structure having a first wiring layer connecting the first contact structure
and the buried conductive structure; and

a second wiring structure disposed on the second surface of the substrate, and having

a second wiring layer connected to the conductive through-structure;

18. The semiconductor device of claim 17, wherein the buried conductive structure has a
width in the second direction, being greater than a width of the gate isolation structure in the
second direction, and a length in the first direction, being less than a length of the second fin-

type active pattern in the first direction.

19. The semiconductor device of claim 17 or claim 18,
wherein the first contact structure has a first extension portion extending in the second

direction,
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wherein the second contact structure has a second extension portion extending in the
second direction and connected to the buried conductive structure, and

wherein the first wiring layer comprises a metal line extending in the first direction, a
first metal via connecting the metal line and the first extension portion, and a second metal via

connecting the metal line and the second extension portion.

20. A semiconductor device, comprising:

a first fin-type active pattern extending lengthwise in a first direction, and having a
first width in a second direction intersecting the first direction;

a second fin-type active pattern spaced apart from the first fin-type active pattern in
the first direction, extending lengthwise in the first direction, and having a second width in the
second direction, the second width being smaller than the first width;

a device isolation pattern disposed between the first and second fin-type active patterns,
and extending in the second direction;

first and second gate structures each extending lengthwise in the second direction, and
crossing the first and second fin-type active patterns, respectively;

a first source/drain region disposed on the first fin-type active pattern on at least one
side of the first gate structure;

a second source/drain region disposed on the second fin-type active pattern on at least
one side of the second gate structure;

an interlayer insulating portion surrounding the first and second fin-type active patterns
and the first and second gate structures, and covering the first and second source/drain regions;

first and second contact structures connected to the first and second source/drain
regions in the interlayer insulating portion, respectively;

a gate isolation structure positioned adjacent to the first fin-type active pattern in the
second direction in the interlayer insulating portion, and extending in the first direction while

contacting one end surface of the first gate structure;
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a buried conductive structure extending in the first direction while contacting one end
surface of the gate isolation structure in the interlayer insulating portion, and connected to the
second contact structure;

a first wiring structure disposed on the interlayer insulating portion, and having a first
wiring layer electrically connected to the first contact structure and the buried conductive
structure; and

a second wiring structure disposed on a lower surface of the interlayer insulating
portion, and having a power delivery line connected to the buried conductive structure and a

second wiring layer connected to the power delivery line.
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