SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This patent application claims benefit of priority to Korean Patent Application No.
10-2022-0057662 filed on 11 May 2022 in the Korean Intellectual Property Office, the

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

TECHNICAL FIELD
[0002] Example embodiments of the present disclosure relate to a semiconductor device and

a method of manufacturing the same.

BACKGROUND
[0003] As demands for high performance, high speed, and/or multifunctionality of a
semiconductor device have increased, demand for integration density of semiconductor
devices has also increased. The development of a semiconductor device including a channel
having a three-dimensional structure has been actively conducted to meet demand for high

integration density of a semiconductor device.

SUMMARY
[0004] An example embodiment of the present disclosure may provide a semiconductor
device having improved reliability.
[0005] An example embodiment of the present disclosure may provide a method of
manufacturing a semiconductor device having improved reliability through a simplified
process.
[0006] According to an example embodiment of the present disclosure, a semiconductor
device includes an active fin extending in a first direction on an upper surface of a substrate,
the active fin comprising a first fin portion and a second fin portion on the first fin portion; an
isolation pattern between the first fin portion and the second fin portion; a gate structure
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intersecting the active fin and extending in a second direction intersecting the first direction;
and source/drain regions in regions of the second fin portion on both sides of the gate
structure, respectively; wherein the gate structure includes a gate electrode intersecting a
region of the active fin and extending in the second direction, a pair of gate spacers extending
in the second direction along both side surfaces of the gate electrode in the first direction and
including the same material as a material of the isolation pattern, and a gate insulating layer
between the gate electrode and the active fin.

[0007] According to an example embodiment of the present disclosure, a semiconductor
device includes a substrate having an upper surface including a first region and a second
region; a first transistor on the first region of the substrate; and a second transistor on the
second region of the substrate, wherein the first transistor includes a first active fin extending
in a first direction on the first region of the substrate, where the first active fin has a first fin
portion and a second fin portion on the first fin portion, a first isolation pattern between the
first fin portion and the second fin portion, a first gate structure intersecting the first active fin
and extending in a second direction intersecting the first direction, the first gate structure
including a pair of first gate spacers including the same material as a material of the first
isolation pattern, and first source/drain regions in regions of the second fin portion on both
sides of the first gate structure, respectively, and wherein the second transistor includes a
second active fin extending in the first direction on the second region of the substrate, a
second gate structure intersecting the second active fin and extending in the second direction,
and second source/drain regions in regions of the second active fin on both sides of the
second gate structure, respectively.

[0008] According to an example embodiment of the present disclosure, a semiconductor
device includes an active fin disposed on a substrate and extending in a first direction, the
active fin having a first fin portion and a second fin portion on the first fin portion; an
isolation pattern between the first fin portion and the second fin portion; a gate structure
intersecting the active fin and extending in a second direction intersecting the first direction;

and source/drain regions in regions of the second fin portion on both sides of the gate
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structure, respectively; wherein the gate structure includes a gate electrode intersecting one
region of the active fin, and including an extension electrode portion passing through the one
region between the first and second fin portions to at least partially surround the second fin
portion in the second direction; a pair of gate spacers extending in the second direction along
both side surfaces of the gate electrode in the first direction and including the same material
as a material of the isolation pattern; and a gate insulating film between the gate electrode and
the active fin.

[0009] According to an example embodiment of the present disclosure, a semiconductor
device includes an active pattern extending in a first direction on an upper surface of the
substrate, where the active pattern is divided into a first portion and a second portion in a
vertical direction perpendicular to the upper surface of the substrate; an isolation pattern
between the first and second portions of the active pattern; a plurality of channel layers
spaced apart from each other in the vertical direction on the active pattern; a gate structure
extending in a second direction intersecting the first direction to at least partially surround
each of the plurality of channel layers; and source/drain regions disposed on regions of the
second portion on both sides of the gate structure and connected to the plurality of channel
layers, respectively, wherein the gate structure includes a gate electrode extending in the
second direction to surround each of the plurality of channel layers, a pair of gate spacers
extending in the second direction along both side surfaces of the gate electrode taken in the
first direction and including the same material as a material of the isolation pattern, and a gate
insulating layer between the gate electrode and the plurality of channel layers.

[0010] According to an example embodiment of the present disclosure, a method of
manufacturing a semiconductor device includes providing a semiconductor substrate having
an upper surface divided into a first region and a second region; forming a sacrificial pattern
in the first region of the semiconductor substrate; growing a semiconductor layer on the
semiconductor substrate to at least partially cover the sacrificial pattern; forming a first active
fin and a second active fin extending in a first direction on the first and second regions of the

semiconductor substrate by etching to a portion of regions of the semiconductor layer and the
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semiconductor substrate, where the first active fin has a first fin portion and a second fin
portion on the first fin portion, and the first fin portion and the second fin portion are isolated
from each other by the sacrificial pattern; forming a first dummy gate structure and a second
dummy gate structure that intersect the first active fin and the second active fin, respectively;
removing the sacrificial pattern from the first active fin to form an isolation space between
the first fin portion and the second fin portion; forming a pair of first gate spacers and a pair
of second gate spacers on both side surfaces of the first dummy gate structure and the second
dummy gate structure, respectively, and forming an isolation pattern by filling the isolation
space with the same material as a material of the first and second gate spacers; forming a first
source/drain region and a second source/drain region in regions of the first active fin on both
sides of the first dummy gate structure and regions of the second active fin on both sides of
the second dummy gate structure, respectively; removing the first dummy gate structure and
the second dummy gate structure to form a first gate space and a second gate space; and
forming a first gate structure and a second gate structure in the first gate space and the second

gate space, respectively.

BRIEF DESCRIPTION OF DRAWINGS

[0011] The above and other aspects, features, and advantages of the present disclosure will
be more clearly understood from the following detailed description, taken in combination
with the accompanying drawings, in which:

FIGS. 1A and 1B are plan diagrams illustrating a first region and a second region of a
semiconductor device according to an example embodiment of the present disclosure;

FIGS. 2A and 2B are cross-sectional diagrams illustrating the semiconductor device
embodiment illustrated in FIGS. 1A and 1B taken along lines Ia-Ia’ and Ib-Ib’, respectively;

FIGS. 3A and 3B are cross-sectional diagrams illustrating the semiconductor device
embodiment illustrated in FIGS. 1A and 1B taken along lines II1a-II1a’ and I1b-1Ib’,
respectively;

FIGS. 4A and 4B are cross-sectional diagrams illustrating the semiconductor device
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embodiment illustrated in FIGS. 1A and 1B taken along lines [12a-112a’ and 112b-112b’,
respectively;

FIGS. 5A and 5B are cross-sectional diagrams illustrating a semiconductor device
according to an example embodiment of the present disclosure;

FIG. 6 is a plan diagram illustrating a semiconductor device according to an example
embodiment of the present disclosure;

FIGS. 7A, 7B and 7C are cross-sectional diagrams illustrating the semiconductor
device embodiment illustrated in FIG. 6 taken along lines I-I’, II1-1I1", and 112-112°,
respectively;

FIG. 8 is a cross-sectional diagram illustrating a semiconductor device according to
an example embodiment of the present disclosure;

FIG. 9 is a plan diagram illustrating a semiconductor device according to an example
embodiment of the present disclosure;

FIGS. 10A, 10B and 10C are cross-sectional diagrams illustrating the semiconductor
device embodiment illustrated in FIG. 9 taken along lines I-I’, I11-111°, and 112-112°,
respectively;

FIGS. 11A, 11B, 11C and 11D are cross-sectional diagrams illustrating operations of
a method of manufacturing a semiconductor device (operations of manufacturing a substrate)
according to an example embodiment of the present disclosure;

FIGS. 12A, 12B, 12C, 12D, 12E and 12F are cross-sectional diagrams illustrating
operations of a method of manufacturing a semiconductor device (a fin isolation process)
according to an example embodiment of the present disclosure;

FIGS. 13A, 13B, 13C and 13D are cross-sectional diagrams illustrating operations of
a method of manufacturing a semiconductor device (operations of forming a gate structure)
according to an example embodiment of the present disclosure;

FIGS. 14A, 14B, 14C, 14D, 14E and 14F are plan diagrams illustrating the
semiconductor device embodiments illustrated in FIGS. 11A, 11C, 12A, 12C, 12F, and 13B,
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FIGS. 15A, 15B, 15C, 15D, 15E and 15F are cross-sectional diagrams illustrating
operations of a method of manufacturing a semiconductor device according to an example
embodiment of the present disclosure;

FIG. 16 is a plan diagram illustrating a semiconductor device according to an
example embodiment of the present disclosure;

FIG. 17A, 17B and 17C are cross-sectional diagrams illustrating the semiconductor
device embodiments illustrated in FIG. 16 taken along lines I-I’, IT1-1I1°, and 112-112°,
respectively;

FIG. 18 is a plan diagram illustrating a semiconductor device according to an
example embodiment of the present disclosure;

FIGS. 19A, 19B and 19C are cross-sectional diagrams illustrating the semiconductor
device embodiment illustrated in FIG. 18 taken along lines I-I’, II1-1I1°, and I12-112°,
respectively; and

FIGS. 20A, 20B, 20C, 20D, 20E, 20F, 20G and 20H are cross-sectional diagrams
illustrating processes of a method of manufacturing a semiconductor device according to an

example embodiment of the present disclosure.

DETAILED DESCRIPTION
[0012] Hereinafter, embodiments of the present disclosure will be described as follows with
reference to the accompanying drawings. The present inventive subject matter may, however,
be embodied in many different forms and should not be construed as limited to the
embodiments set forth herein. In the drawings, like numerals refer to like elements
throughout the description and repeated descriptions may be omitted. It will be understood
that, although the terms first, second, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These terms are only used to distinguish
one element from another element. Thus, for example, a first element, a first component or a
first section discussed below could be termed a second element, a second component or a

second section without departing from the teachings of the present inventive concept. As used
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herein, the term "and/or" includes any and all combinations of one or more of the associated
listed items. It is noted that aspects described with respect to one embodiment may be
incorporated in different embodiments although not specifically described relative thereto.
That is, all embodiments and/or features of any embodiments can be combined in any way
and/or combination.

[0013] FIGS. 1A and 1B are plan diagrams illustrating a first region and a second region of
a semiconductor device according to an example embodiment. FIGS. 2A and 2B are cross-
sectional diagrams illustrating the semiconductor device embodiments illustrated in FIGS. 1A
and 1B taken along lines la-1a’ and Ib-1b’, respectively. FIGS. 3A and 3B are cross-sectional
diagrams illustrating the semiconductor device embodiments illustrated in FIGS. 1A and 1B
taken along lines I11a-111a’ and Ilb-11b’, respectively. FIGS. 4A and 4B are cross-sectional
diagrams illustrating the semiconductor device embodiments illustrated in FIGS. 1A and 1B
taken along lines 112a-112a’ and 112b-112b’, respectively.

[0014] Referring to FIGS. 1A to 4B, a semiconductor device 100 according to the example
embodiment may include a substrate 101, a first transistor 100A and a second transistor 100B
in different regions of the substrate 101. FIGS. 1A, 2A, 3A, and 4A illustrate the first
transistor 100A, and FIGS. 1B, 2B, 3B and 4B illustrate the second transistor 100B.

[0015] Referring to FIG. 1A, the first transistor 100A may include a first active fin 105A
extending in a first direction (e.g., D1) in a first region of a substrate 101, and a plurality of
first gate structures 160A intersecting the first active fin 105A and extending in a second
direction (e.g., D2) perpendicular to the first direction. Similarly, referring to FIG. 1B, the
second transistor 100B may include a second active fin 105B extending in a first direction
(e.g., D1) in a second region of the substrate 101 and a plurality of second gate structures
160B intersecting the active fin 105A and extending in a second direction (e.g., D2)
perpendicular to the first direction.

[0016] 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. The substrate 101 may
include an active region, such as a well doped with impurities or a structure doped with
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impurities. For example, the active region of the first region may have a p-type well for an N-
MOSFET, and the active region of the second region may have an n-type well for a P-
MOSFET.

[0017] In example embodiments, the first transistor 100A may include a single gate (SG)
transistor, and the second transistor 100B may include an enhanced gate (EG) transistor. In
example embodiments, the first transistor 100A may include an N-MOSFET and the second
transistor 100B may include a P-MOSFET, but an example embodiment thereof is not limited
thereto.

[0018] Hereinafter, the structures of the first and second transistors 100A and 100B
implemented on one substrate 101 will be described in greater detail with reference to FIGS.
2A to 4B together with FIGS. 1A and 1B.

[0019] The first and second active fins 105A and 105B may have a pattern protruding from
the upper surface of the substrate 101 (or active region) in a third direction (e.g., D3). The
first and second active fins 105A and 105B may work as a channel region of each of the
transistors 100A and 100B. In the example embodiment, the number of each of the first and
second active fins 105A and 105A is one in the drawings, but a plurality of the first and
second active fins 105A and 105A may be provided side by side in the second direction (e.g.,
D1) (see FIGS. 16 and 17A to FIG. 17c).

[0020] The device isolation layer 110 may define first and second active fins 105A and
105B (see FIGS. 3A and 3B and 4A and 4B). The device isolation layer 110 may be a
shallow trench isolation layer. For example, the device isolation layer 110 may include
silicon oxide or a silicon oxide-based insulating material. The first and second active fins
105A and 105B may extend through the device isolation layer 110, and a portion thereof may
protrude from an upper portion of the device isolation layer 110.

[0021] The first and second transistors 100A and 100B may include first and second gate
structures 160A and 160B, respectively. As illustrated in FIG. 1, the first and second gate
structures 160A and 160B may have a line shape extending in the second direction (e.g., D2)

in the first and second regions, respectively. The first and second gate structures 160A and
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160B may overlap one region of each of the first and second active fins 105A and 105B in
the D3 direction. Each of the first and second gate structures 160A and 160B may include a
pair of gate spacers 162, a gate insulating layer 164 and a gate disposed in order between the
pair of gate spacers 162, and a gate capping layer 166 disposed on the gate electrode 165.
That is, the gate electrode 165 may intersect one region of each of the first and second active
fins 105A and 105B as shown in FIGS. 1A and 1B, and may extend in a second direction
(e.g., D2), and the pair of gate spacers 162 may be disposed on both side surfaces of each of
the gate electrodes 165 in the first direction (e.g., D1).
[0022] For example, the gate insulating layer 164 may include silicon oxide and/or a high-k
dielectric. The gate electrode 165 may include a conductive material, such as doped silicon, a
metal nitride (e.g., TiN, TaN, or WN, etc.), or a metal (e.g., W, etc.). For example, the gate
spacer 162 may be formed of an insulating material, such as SiO, SiN, SiON, or SiOC, and
the gate capping layer 166 may be formed of an insulating material, such as SiN or SiON.
[0023] In example embodiments, components of the first gate structure 160A and the second
gate structure 160B may be configured differently. For example, when the first transistor
100A is an SG transistor and the second transistor 100B is an EG transistor, the gate
insulating layer 164 of the second gate structure 160B may have a thickness greater than a
thickness of the gate insulating layer 164 of the first gate structure 160A.
[0024] In the example embodiment, the first transistor 100A may have an isolation pattern
120, which is an insulating film embedded in the first active fin 105A similar to the SOI
FIinFET structure to prevent or mitigate a short channel effect.
[0025] The first active fin 105A used in the example embodiment may include a first fin
portion 105a and a second fin portion 105b in a third direction (e.g., D3) perpendicular to the
upper surface of the substrate 101, and the isolation pattern 120 may be disposed between the
first fin portion 105a and the second fin portion 105b. The isolation pattern 120 may be
formed together with the gate spacer 162 of the first gate structure 160A.
[0026] For example, the isolation pattern 120 used in the example embodiment may be
provided using a sacrificial pattern 131 (in FIG. 12A) embedded in the first region of the
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substrate 101 in advance, rather than using a silicon on insulator (SOI) substrate
manufactured as the substrate 101 in advance. Specifically, the first active fin 105A may be
formed, the sacrificial pattern may be removed, and the vacant space may be at least partially
filled with the same insulating material as an insulating material of the gate spacer 162 in the
process of forming the gate spacer 162, thereby forming the isolation pattern 120 (see FIGS.
12D and 12E). During this filling process, the isolation pattern 120 may be grown from the
upper surface of the first fin portion 105a and the lower surface of the second fin portion
105b, and the growth from the two different fin portions 105a and 105b may be merged with
each other.
[0027] As illustrated in FIGS. 2A, 3A and 4A, the isolation pattern 120 used in the example
embodiment may include a first portion 120a grown from the upper surface of the first fin
portion 105a, and a second portion 120b grown from a lower surface of the second fin portion
105b, and the first portion 120a and the second portion 120b may have a boundary surface
BL therebetween. The boundary surface BL may be formed by merging the first portion 120a
with the second portion 120b, and may be visually identified in an image taken by an electron
microscopy (e.g., SEM, TEM).
[0028] However, on the cross-section in FIG. 2A, because the process of forming the
isolation pattern 120 is slightly different from the other regions, the boundary surface BL
may appear differently or may not be distinct. Specifically, when the isolation pattern 120 is
formed, the isolation pattern 120 may be formed in a space at least partially surrounded by
the dummy gate structure on the cross-section illustrated in FIG. 2A, such that an insulating
material may be grown from the upper surface of the first fin portion 105a and the lower
surface of the second fin portion 105b, and also the surface (the side surface of the space)
provided by the dummy gate structure, and may at least partially fill the region. Accordingly,
the boundary surface BL may not appear differently from the other regions (e.g., FIG. 4A) or
may not be distinct.
[0029] In a cross-section in the second direction (e.g., D2) of a portion of the first active fin
105A in which the first source/drain regions 150A are disposed (see FIG. 4A), the isolation
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pattern 120 may have a sidewall extension portion 120E extending to sidewalls of the first
active fin 150A, that is, the first fin portion 150a and the second fin portion 150b. Similarly,
referring to FIG. 4B, a material film 120E’ the same as the gate spacer 162 may be formed on
each of both sidewalls of the second active fin 105A in the second direction (e.g., D2) below
the first source/drain regions 150A.
[0030] In the example embodiment, the first transistor L00A may be implemented in a
structure in which the isolation pattern 120 is provided in the first active fin 105A similar to a
SOI finFET without using an SOI substrate, and the second transistor 100B may be
implemented in a FInFET structure similarly to a bulk FinFET.
[0031] As such, in the example embodiment, a sacrificial pattern for the isolation pattern
120 may be selectively provided only in the first region of the substrate 101 (see FIG. 11B).
Despite the selective provision of the sacrificial pattern, the substrate 101 may have a flat
upper surface throughout the first region and the second region (see FIGS. 11C and 11D).
Accordingly, the first and second active fins 105A and 105B may have substantially the same
level in the D3 direction. As illustrated in FIGS. 3A and 3B, the upper end of the first active
fin 105A covered by the first gate structure 160A may have the same level in the D3 direction
as a level of the upper end of the second active fin 105B covered by the second gate structure
160A.
[0032] The first transistor 100A may include first source/drain regions 150A disposed in
regions of the first active fin 105A disposed on both sides of the first gate structure 160A.
Similarly, the second transistor 100B may include second source/drain regions 150B disposed
in regions of the second active fin 105B disposed on both sides of the second gate structure
160B.
[0033] The first and second source/drain regions 150A and 150B may include Si, SiGe, or
Ge, and, the first and second source/drain regions 150A and 150B may have different
materials or different shapes based on the N or P-MOSFET implementation. For example,
when the first transistor 100A is an N-MOSFET, the first source/drain regions 150A may
include silicon, and may be doped with N-type impurities (e.g., phosphorus (P), nitrogen (N),
11



arsenic (As), and antimony (Sb)). The first source/drain regions 150A may have a hexagonal
cross-section or a polygonal cross-section having a gentle angle. When the first transistor
100B is a PMOS transistor, the second source/drain region 150B may include silicon-
germanium (SiGe), and may be doped with P-type impurities (e.g., boron (B), indium (In),
and gallium (Ga)). The second source/drain regions 150B may have a pentagonal cross-
section.

[0034] As such, the first and second transistors 100A and 100B may include the first and
second active fins 105A and 105B, the first and second gate structures 160A and 160B, and
the second source/drain regions 150A and 150B, respectively.

[0035] An interlayer insulating layer 180 may be disposed on the device isolation layer 110.
The interlayer insulating layer 180 may be disposed on the first and second source/drain
regions 150A and 150B and may at least partially surround the first and second gate
structures 160A and 160B. For example, the interlayer insulating layer 180 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 180 may be formed using a chemical vapor deposition
(CVD) process, a flowable-CVD process, or a spin coating process.

[0036] Referring to FIGS. 2A and 2B and 4A and 4B, the first and second transistors 100A
and 100B may include first and second contact structures 190A and 190B connected to the
first and second source/drain regions 150A and 150B, respectively. Each of the first and
second contact structures 190A and 190B may extend through the interlayer insulating layer
180 in the third direction (e.g., D3). Each of the first and second contact structures 190A and
190B may include a contact plug 195 and a conductive barrier layer 192 at least partially
surrounding sidewalls and lower surfaces of the contact plug 195. For example, the
conductive barrier layer 192 may include Ti, Ta, TiN, TaN, or a combination thereof, and the
contact plug 195 may include tungsten (W), cobalt (Co), titanium (Ti), or alloys thereof or a
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combination thereof. The first and second source/drain regions 150A and 150B may include a
metal silicide layer for reducing contact resistance in regions in contact with the first and
second contact structures 190A and 190B, respectively. For example, the metal silicide layer
may include CoSi, NiSi, or TiSi.

[0037] As described above, the semiconductor device 100 according to the example
embodiment may effectively prevent or mitigate a short channel effect in the first transistor
100A by providing the isolation pattern 120 formed of the same material as the material of
the gate spacer 162 to the first active fin 105A, rather than using a relatively expensive SOI
substrate as the substrate 101. Also, the first transistor 100A having the isolation pattern 120
similar to the SOI FinFET and the second transistor 100B similar to the bulk FInNFET may be
formed together on a single substrate 101.

[0038] FIGS. 5A and 5B are cross-sectional diagrams illustrating a semiconductor device
according to an example embodiment.

[0039] The cross-sections illustrated in FIGS. 5A and 5B may correspond to the cross-
section in FIG. 3A, and may be the cross-sections of the portion of each of the active fins 150
in which the gate structure 160 (or the gate electrode 165) is disposed, taken in the second
direction (e.g., D2).

[0040] Referring to FIGS. 5A and 5B, semiconductor devices 100A’ and 100A” according
to an example embodiment may include isolation patterns 120’ and 120” disposed in the
active fins 105, that is, between a first fin portion 105a and a second fin portion 105b.

[0041] The isolation patterns 120° and 120 may include a first portion 120a grown from the
upper surface of the first fin portion 105a, and a second portion 120b grown from a lower
surface of the second fin portion 105b similar to the aforementioned example embodiment,
and the first portion 120a and the second portion 120b may have a boundary surface BL
therebetween. The isolation patterns 120’ and 120 may have a width different from the
width of the active fins 150.

[0042] Referring to FIG. 5A, the isolation pattern 120° may have a width W1 smaller than a

width W2 of adjacent portions of the first and second fin portions 105a and 105b.
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[0043] Alternatively, referring to FIG. 5B, the isolation pattern 120 may have a width Wa
smaller than a width Wb of adjacent portions of the first and second fin portions 105a and
105b.

[0044] The width of the isolation patterns 120° and 120” may be determined based on an
etching process condition for forming the active fin 105, and etching selectivity of the
material forming the substrate 101 and the material of the sacrificial pattern 131 (in FIG.
11B). Specifically, when the sacrificial pattern is over-etched during the process of forming
the active fin 105, as illustrated in FIG. 5A, the width W1 of the isolation pattern 120° may
be relatively decreased, or alternatively, as illustrated in FIG. 5B, the width Wa of the
isolation pattern 120” may be relatively increased.

[0045] FIG. 6 is a plan diagram illustrating a semiconductor device according to an example
embodiment. FIGS. 7A to 7C are cross-sectional diagrams illustrating the semiconductor
device embodiment illustrated in FIG. 6 taken along lines I-1’, 111-111°, and 112-112’,
respectively.

[0046] Referring to FIGS. 6 and 7A to 7C, the semiconductor device 100C according to the
example embodiment may be similar to the example embodiment illustrated in FIGS. 1A to
4B other than the configuration in which the gate spacer 162 includes a plurality of spacer
films 162a and 162b, and a lamination structure of films included in the isolation pattern 120
is different. Also, the components in the example embodiment may be understood with
reference to the descriptions of the same or similar components in the example embodiments
illustrated in FIGS. 1A to 4B unless otherwise indicated.

[0047] Different from the aforementioned example embodiment, the gate spacer 162
employed in the example embodiment may include a plurality of spacer films 162a and 162b
stacked in order on both side surfaces of the gate electrode 165.

[0048] As illustrated in FIGS. 6 and 7A, the gate spacer 162 may include a first spacer film
162a and a second spacer film 162b stacked in order on both sidewalls of the gate electrode
165. The first and second spacer films 162a and 162b may include insulating films having

different dielectric constants. For example, at least one of the first and second spacer films
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162a and 162b may include silicon oxide (SiOx), silicon nitride (SiNx), silicon oxynitride
(SiOxNy), silicon carbonitride (SiCxNy), and/or silicon oxide carbonitride (SiOxCyN.).

[0049] The isolation pattern 120 may have a first portion 120a and a second portion 120b
having a boundary surface BL therebetween, and the first and second portions 120a and 120b
may include first insulating films 121a and 121b and second insulating films 122a and 122b
arranged symmetrically with respect to the boundary surface BL, respectively. That is, the
first insulating film 121a, the second insulating film 1223, the second insulating film 122b,
and the first insulating film 121b may be disposed or stacked in order from the upper surface
of the first fin portion 105a in the D3 direction. The first insulating films 121a and 121b may
include the same material as that of the first spacer film 162a, and the second insulating films
122a and 122b may include the same material as that of the second spacer film 162b.

[0050] As described above, according to the deposition order of the spacer films 162a and
162b of the gate spacer 162, the insulating films 121a and 121b and 122a and 122b formed of
corresponding materials may be grown in order from the upper surface of the first fin portion
105a and the lower surface of the second fin portion 105b, respectively.

[0051] However, referring to FIG. 7B, the first insulating films 121a and 121b may be
disposed to at least partially surround portions of the second insulating films 122a and 122b
along the gate insulating layer 164. As described above, the process of forming the isolation
pattern 120 may be slightly different from the examples in the other regions in the cross-
section illustrated in FIG. 7B. Specifically, when the isolation pattern 120 is formed, both
side surfaces of the cross-section illustrated in FIG. 7B may have a space at least partially
surrounded by the dummy gate structure, such that the first insulating films 121a and 121b
may be grown from the upper surface of the first fin portion 105a and the lower surface of the
second fin portion 105b and also the side surfaces provided by the dummy gate structure.
Accordingly, as illustrated in FIG. 7B, the first insulating films 121a and 121b may be at least
partially surrounded, and the second insulating films 122a and 122b may at least partially fill
the internal space thereof.

[0052] FIG. 8 is a cross-sectional diagram illustrating a semiconductor device according to
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an example embodiment. The cross-sections in FIG. 8 may correspond to the cross-sections
in FIG. 7.

[0053] Referring to FIG. 8, a semiconductor device 100C’ according to the example
embodiment may have a double-filmed gate spacer 162, similar to the aforementioned
example embodiment. Specifically, the gate spacer 162 used in the example embodiment may
include first and second spacer films 162a and 162b stacked in order on both side surfaces of
the gate electrode 165.

[0054] However, each of the first and second portions 120a and 120b of the isolation pattern
120 used in the example embodiment may include an insulating film formed of the same
material as that of the first spacer film 162a. The insulating films of the first and second
portions 120a and 120b may have a boundary surface BL therebetween.

[0055] In the example embodiment, when the gate spacer 162 is formed, the isolation
pattern 120 may be formed only using an insulating film formed of the same material as that
of the first spacer film 162a in the process of depositing the first spacer film 162a. For
example, when the isolation pattern 120 is relatively thin, the isolation pattern 120 may be
formed of only the same material as that of the spacer film 162a, which may be deposited
preferentially, even though the isolation pattern 120 may include several spacer films 162a
and 162b of the gate spacer 162.

[0056] FIG. 9 is a plan diagram illustrating a semiconductor device according to an example
embodiment. FIGS. 10A to 10C are cross-sectional diagrams illustrating the semiconductor
device embodiment illustrated in FIG. 9 taken along lines I-1’, 111-111°, and 112-112’,
respectively.

[0057] Referring to FIGS. 9 and 10A to 10C, a semiconductor device 100D according to the
example embodiment may be similar to the example embodiment illustrated in FIGS. 1A to
4B other than the configuration in which the gate structure 160, particularly, the gate
electrode 165, has a gate-all-around (GAA) structure at least partially surrounding the second
fin portion 105b in the second direction (e.g., D2). The components in the example
embodiment may be understood with reference to the descriptions of the same or similar
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components in the example embodiments illustrated in FIGS. 1A to 4B unless otherwise
indicated.

[0058] The gate electrode 165 used in the example embodiment may have an extension
electrode portion 165E at least partially surrounding the second fin portion 105b in the
second direction (e.g., D2) (see FIG. 10B). Also, the gate insulating layer 164 may have an
extension portion 164E at least partially surrounding the extension electrode portion 165E in
the first direction (e.g., D1) (see FIGS. 10A and 10B).

[0059] As illustrated in FIG. 10A, as the extension electrode portion 165E intersects one
region (a portion overlapping the gate electrode) between the first fin portion 105a and the
second fin portion 105, the isolation pattern 120 may be divided into a plurality of patterns in
the first direction (e.g., D1) by the extension electrode portion 165E.

[0060] As illustrated in FIGS. 10A and 10C, in the semiconductor device 100D having a
GAA structure according to the example embodiment, the isolation pattern 120 may be
disposed in the portion of the active fin 105 other than a portion overlapping the gate
electrode 165 in the third direction (e.g., D3), that is, a portion of the active fin 150 in which
the source/drain regions 150 are disposed.

[0061] As such, the semiconductor device including the isolation pattern 120 in an example
embodiment may be formed in various structures (e.g., FINFET, GAA-FET), and as in the
example embodiment illustrated in FIG. 1, the semiconductor device may be implemented
together with a bulk-FET, which does not have an isolation pattern on a substrate. For
example, the semiconductor device 100D (GAA-FET) illustrated in FIGS. 9 and 10A to 10C
may replace the first transistor 100A in FIG. 1A or may be formed in the same substrate 101
along with the first and second transistors 100A and 100B in FIG. 1.

[0062] Hereinafter, an example of a method of manufacturing a semiconductor device
according to an example embodiment of the present inventive concept will be described. In
the description of the manufacturing method (FIGS. 11A to 14F), an example in which an
SOI FinFET and a bulk FInFET are formed on the same substrate, similar to the

semiconductor device illustrated in FIGS. 1 to 4B, will be described.
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[0063] FIGS. 11A to 11D are cross-sectional diagrams illustrating operations of a method of
manufacturing a semiconductor device (processes of manufacturing a substrate) according to
an example embodiment. FIGS. 14A and 14B are plan diagrams illustrating the
semiconductor device embodiments illustrated in FIGS. 11A and 11B, respectively.

[0064] Referring to FIGS. 11A and 14A, a sacrificial layer 131L may be formed on the
semiconductor substrate 101°.

[0065] The semiconductor substrate 101’ may be divided into a first region A and a second
region B in which different types of devices are formed. The sacrificial layer 131L may
include a semiconductor material having an etching selectivity with respect to the material of
the semiconductor substrate 101°. For example, the semiconductor substrate 101’ may be a
silicon (Si) substrate, and the sacrificial layer 131L may include silicon-germanium (SiGe).
The thickness of the sacrificial layer 131L may define the thickness of the isolation pattern
120 (in FIG. 13D) of the final structure.

[0066] Referring to FIG. 11B, a mask pattern 139 and a sacrificial pattern 131 at least
partially covering the first region A of the semiconductor substrate 101’ may be formed.
[0067] A mask material layer may be formed on the sacrificial layer 131L, and a mask
material layer portion and a sacrificial layer portion disposed in the second region B may be
selectively removed using the photoresist film PR, which opens the second region B. In the
example embodiment, the mask material layer or the mask pattern 139 may be implemented
as an amorphous material layer, which may suppress epitaxial growth. For example, the mask
pattern 139 may include silicon oxide (SiOx), silicon nitride (SiNy), silicon oxynitride
(SiOxNy), silicon carbonitride (SiCxNy), and/or silicon oxycarbonitride (SiOxCyNy).

[0068] Referring to FIGS. 11C and 14B, the first semiconductor layer 101P may be grown
in the second region B of the semiconductor substrate 101’ using the mask pattern 139.
[0069] In this process, the first semiconductor layer 101P may be formed to have an upper
surface having the same level as a level of the upper surface of the sacrificial pattern 131 in
the D3 direction. The first semiconductor layer 101P may be formed of the same material as
that of the semiconductor substrate 101°. For example, the first semiconductor layer 101P
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may include silicon. As such, the first semiconductor layer 101P may be provided as a
planarization layer. Through this process, the final substrate 101 may have a generally flat
upper surface without an additional planarization process.

[0070] Referring to FIG. 11D, a desired substrate 101 may be obtained by re-growing a
second semiconductor layer 101U on the sacrificial pattern 131 and the first semiconductor
layer 101P.

[0071] The substrate 101 may have the sacrificial pattern 131 embedded in the first region
A, and may be formed in a single bulk (e.g., Si bulk) in the second region B. Although the
substrate 101 manufactured according to the example embodiment has the sacrificial pattern
131 only in the first region A, the substrate 101 may have a generally flat upper surface
without an additional planarization process.

[0072] FIGS. 12A to 12F are cross-sectional diagrams illustrating operations of a method of
manufacturing a semiconductor device (a fin isolation process) according to an example
embodiment. FIGS. 14C, 14D, and 14E are plan diagrams illustrating the semiconductor
device embodiments in FIGS. 12A, 12C, and 12F, respectively.

[0073] Referring to FIGS. 12A and 14C, by partially etching the substrate 101 obtained in
the process in FIG. 11D, a first active fin 105A and a second active fin 105B extending in the
first direction (e.g., D1) may be formed in the first region A and the second region B of the
substrate 101, respectively.

[0074] The etching process for forming the fins may include an anisotropic etching process
using a mask. For example, as the anisotropic etching process, a double patterning technology
(DPT) or a quadraple patterning technology (QPT) may be used. The first and second active
fins 105A and 105B may be etched more deeply than the first and second semiconductor
layers 101P and 101U and may extend to a portion of regions of the semiconductor substrate
101" disposed below the sacrificial pattern 131.

[0075] As illustrated in FIG. 12A, the first active fin 105A may have a first fin portion 105a
and a second fin portion 105b disposed on the first fin portion 105a, the first fin portion 105a

and the second fin portion 105b may be isolated by the sacrificial pattern 131.
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[0076] In the example embodiment, when the sacrificial pattern 131 is over-etched in the
process of forming the first and second active fins 105A and 105B, the sacrificial pattern 131
may have a recessed side surface CS, inwardly recessed farther than the side surface of the
first active fin 105A. Because the sacrificial pattern 131 defines an isolation pattern 120 (in
FIG. 12E) formed in a subsequent process, the isolation pattern may be smaller than the
width of the adjacent first active fin 105A portion by the over-etching (see FIG. 5A).
Different from the example embodiment, when the sacrificial pattern 131 is less etched, the
sacrificial pattern 131 may have a structure protruding from the side surface of the first active
fin 105A. Accordingly, the isolation pattern 120 may be larger than the width of the adjacent
portion of the first active fin 105A (see FIG. 5B).
[0077] Referring to FIG. 12B, the device isolation layer 110 at least partially surrounding
the first and second active fins 105A and 105B may be formed.
[0078] In the device isolation layer 110, an insulating material layer may be formed to at
least partially cover the first and second active fins 105A and 105B, and a process of
planarizing the insulating material layer may be performed preferentially. For example, the
device isolation layer 110 may be EOS, USG, PSG, BSG, BPSG, FSG, SOG, TOSZ, or a
combination thereof.
[0079] During the planarization process, a mask (not illustrated) for forming the fin may be
removed. After the planarization process, the isolation layer 110 may be formed by etch-
backing the insulating material layer, such that a portion of regions of the first and second
active fins 105A and 105B are exposed. The region in which the first and second active fins
105A and 105B are exposed may be provided as a channel region. In the example
embodiment, the sacrificial pattern 131 of the first active fin 105A may be exposed during the
process of etching-back the device isolation layer 101.
[0080] Referring to FIGS. 12C and 14D, the first dummy gate structure 170A and the
second dummy gate structure 170B may be formed to intersect the first active fin 105A and
the second active fin 105B, respectively.
[0081] The first and second dummy gate structures 170A and 170B may include a dummy
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gate pattern 175 and a cap mask 176, respectively. The cap mask 176 may be a mask pattern
used to form the dummy gate pattern in the previous process. For example, the dummy gate
pattern 175 may include polysilicon, and the cap mask 176 may include silicon nitride.
[0082] Referring to FIG. 12D, the sacrificial pattern 131 may be removed from the first
active fin 105A.

[0083] This process may be performed after forming the first and second dummy gate
structures 170A and 170B (FIG. 12C) and before forming the first and second gate spacers
162A and 162B (FIG. 12E). By selectively removing the sacrificial pattern 131, The isolation
space SR for the isolation pattern 120 may be formed between the first fin portion 105a and
the second fin portion 105b.

[0084] Referring to FIG. 12E, the first and second gate spacers 162A and 162B may be
formed, and the isolation pattern 120 may be formed in the isolation space SR.

[0085] In the example embodiment, the process of forming the isolation pattern 120 may be
performed simultaneously with the process of forming the first and second gate spacers 162A
and 162B.

[0086] A pair of first gate spacers 162A and a pair of second gate spacers 162B may be
formed on both side surfaces of each of the first and second dummy gate structures 170A and
170B, and the isolation space SR may also be at least partially filled with the same material
as that of the first and second gate spacers 162A and 162B, thereby forming the isolation
pattern 120. For example, the first and second gate spacers 162A and 162B may include
silicon nitride (SiNy), silicon oxynitride (SiOxNy), silicon carbonitride (SiCxNy), silicon
oxycarbonitride (SiOxCyN;), or a combination thereof.

[0087] Specifically, a spacer material layer for the first and second gate spacers 162A and
162B may be conformally formed on the upper surface of the substrate 101 to at least
partially cover the first and second active fins 105A and 105B and the first and second
dummy gate structures 170A and 170B. In the process of forming the spacer material layer,
the isolation space SR of the first active fin 105A may also be at least partially filled. This
charging process may be more easily performed because the width of the first active fin 105A
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is relatively narrow in the second direction (e.g., D2) (see FIG. 4A).

[0088] Thereafter, the spacer material layer may be selectively removed through anisotropic
etching. That is, other than the portions disposed on side surfaces of each structure (e.g., the
first and second active fins 105A and 105B and the first and second dummy gate structures
170A and 170B) and the isolation pattern 120 disposed in the isolation space SR, portions
disposed on the upper surface of each structure may be removed, and accordingly, the first
and second gate spacers 162A and 162B and the isolation pattern 120 may be included. Also,
the isolation pattern 120 may have a sidewall extension extending to the side surface of the
exposed portions of the first active fin 105A (that is, the portion not covered by the first
dummy gate structure 170A), and a spacer material layer may also remain on side surfaces of
exposed portions of the second active fin 105B (portions not covered by the second dummy
gate structure 170B) (see FIGS. 4A and 4B).

[0089] Also, in the isolation pattern 120, a first portion 120a grown from the upper surface
of the first fin portion 105a and a second portion 120b grown from the lower surface of the
second fin portion 105b may be merged such that the boundary surface BL may be formed
between the first portion 120a and the second portion 120b.

[0090] Referring to FIGS. 12F and 14E, first source/drain regions 150A may be formed in
regions of the first active fin 105A on both sides of the first dummy gate structure 170A, and
second source/drain regions 150B may be formed in regions of the second active fin 105B on
both sides of the second dummy gate structure 170B.

[0091] The exposed portions of the first and second active fins 105A and 105B may be
etched to be recessed, and the first and second source/drain regions 150A and 150B may be
formed on the recessed upper surface of the first and second active fins 105A and 105B using
selective epitaxial growth (SEG). As described above, the first and second source/drain
regions 150A and 150B may be formed as different epitaxial layers to form different types of
MOSFET devices.

[0092] FIGS. 13A to 13D are cross-sectional diagrams illustrating operations of a method of

manufacturing a semiconductor device (operations of forming a gate structure) according to
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an example embodiment. FIG. 14F is a plan diagram illustrating the semiconductor device
embodiment in FIG. 13B.

[0093] Referring to FIG. 13A, an interlayer insulating layer 180 may be formed on the
component obtained in the process in FIG. 12F.

[0094] An interlayer insulating layer may be formed on the isolation layer 110 to at least
partially cover the first and second active fins 105A and 105B and the first and second
dummy gate structures 170A and 170B. The interlayer insulating layer 180 may be disposed
on the first and second source/drain regions 150A and 150B and may at least partially
surround the dummy gate structures 170A and 170B. For example, the interlayer insulating
layer 180 may include FOX, TOSZ, USG, BSG, PSG, BPSG, PETEOS, FSG, HDP, PEOX,
FCVD oxide, or a combination thereof. The interlayer insulating layer 180 may be formed
using a chemical vapor deposition (CVD) process, a flowable-CVD process, or a spin coating
process.

[0095] Referring to FIGS. 13B and 14F, the dummy gate pattern 175 may be exposed, and
the first gate opening DR1 and the second gate opening DR2 may be formed by removing the
dummy gate pattern 175.

[0096] The exposing of the dummy gate pattern 175 may be performed by applying a
planarization process to the interlayer insulating layer 180 up to the line PL in FIG. 13A. The
first and second gate openings DR1 and DR2 may expose a portion of regions of the first and
second active fins 105A and 105B. The first and second gate openings DR1 and DR2 may be
provided as spaces for forming the first and second gate structures 160A and 160B,
respectively.

[0097] Referring to FIG. 13C, first and second gate structures 160A and 160B may be
formed in the first and second gate openings DR1 and DR2.

[0098] The first and second gate structures 160A and 160B may include first and second
gate insulating layers 164A and 164B, first and second gate electrodes 165A and 165B, and
first and second gate cap layers 166A and 166B, respectively. The first and second gate

insulating layers 164A and 164B may be substantially conformally formed along internal side
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surfaces and lower surfaces of the first and second gate openings DR1 and DR2.
[0099] For example, the first and second gate insulating layers 164A and 164B may include
oxide, nitride, or a high-k material, and may have a multilayer structure. Also, the first and
second gate electrodes 165A and 165B may include doped polysilicon, metal, conductive
metal nitride, conductive metal carbide, or a combination thereof. For example, the first and
second gate electrodes 165A and 165B may be formed of Al, Cu, Ti, Ta, W, Mo, TaN, NiSi,
CoSi, TiN, WN, TiAl, TiAIN, TaCN, TaC, TaSiN, or a combination thereof, but an example
embodiment thereof is not limited thereto.
[00100] As described above, the first gate insulating layer 164A and/or the first gate
electrode 165A may include a material different from that of the second gate insulating layer
164B and/or the second gate electrode 165B, or may include a different number of layers.
[00101] Referring to FIG. 13D, first and second contact structures 190A and 190B
extending through the interlayer insulating layer 180 may be formed.
[00102] First and second contact holes connected to the first and second source/drain
regions 120A and 120B, respectively, may be formed in the interlayer insulating layer 180,
and first and second contact structures 190A and 190B may be formed in the first and second
contact holes. The first and second contact structures 190A and 190B may be formed together
through the same process.
[00103] The first and second contact structures 190A and 190B may include a conductive
barrier 191 preventing diffusion of the contact plug 195 material. The conductive barrier 191
may be conformally formed using an ALD or CVD process. For example, the conductive
barrier 191 may include TiN, TaN, AIN, WN, and a combination thereof. Also, the contact
plug 195 may include tungsten (W), cobalt (Co), titanium (Ti), an alloy thereof, or a
combination thereof.
[00104] FIGS. 15A to 15F are cross-sectional diagrams illustrating operations of a method
of manufacturing a semiconductor device according to an example embodiment. The
manufacturing process relates to a method of manufacturing the GAA FinFET structure,
similar to the semiconductor device 100D illustrated in FIGS. 9 and 10A to 10C.
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[00105] Referring to FIG. 15A, the active fin 105 may include a first fin portion and a
second fin portion, and may have a sacrificial pattern between the first and second fin
portions. A dummy gate structure 170 may be formed to intersect the active fin 105. The
dummy gate structure 170 may include a dummy gate pattern 175 and a cap mask 176, which
may be components corresponding to the device region on the left in FIG. 12C.

[00106] Referring to FIG. 15B, the sacrificial pattern 131 may be removed from the first
active fin 105A, and the sacrificial pattern portion 131R disposed in a region overlapping the
dummy gate structure 170 may remain.

[00107] In this operation, different from the aforementioned example embodiment, the
sacrificial pattern 131 may be partially removed. Because the residual sacrificial pattern
portion 131R overlaps the dummy gate structure 170, the sacrificial pattern portion 131R may
remain due to an etching delay different from other portions of the sacrificial pattern 131.
First and second isolation spaces SR1 and SR2 may be present on both sides of the residual
sacrificial pattern portion 131R.

[00108] Referring to FIG. 15C, gate spacers 162 may be formed on both sides of the
dummy gate structure 170, and first and second isolation patterns 120_1 and 120_2 may be
formed in the first and second isolation spaces SR1 and SR2.

[00109] In the example embodiment, the process of forming the first and second isolation
patterns 120_1 and 120_2 may be performed simultaneously with the process of forming the
gate spacer 162.

[00110] A pair of gate spacers 162 may be formed on both side surfaces of the dummy
gate structure 170, and the first and second isolation spaces SR1 and SR2 may be at least
partially filled with the same material as that of the gate spacers 162A and 162B and the first
and second isolation patterns 120_1 and 120_2 may be formed.

[00111] Referring to FIG. 15D, an interlayer insulating layer 180 may be formed on the
device isolation layer 110 to at least partially cover the active fin 105 and the dummy gate
structure 170, and referring to FIG. 15E, the gate pattern 175 may be exposed through a
polishing process, and the dummy gate pattern 175 may be removed, thereby forming a gate
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opening DR. Thereafter, an etching process may be additionally performed to remove the
residual sacrificial pattern 131R. As the residual sacrificial pattern 131R is removed, a third
isolation space SR may be formed between the first and second fin portions 105A and 105B.
This removal process may include an etching process performed two times. For example, the
process of removing the dummy gate pattern 175 may be performed by a process of etching
polysilicon, and the process of removing the residual sacrificial pattern 131R may be
performed by a process of etching silicon germanium.

[00112] Referring to FIG. 15F, the gate structure 160 may be formed in the gate opening
DR and the third isolation space SR3.

[00113] The gate insulating layer 164 may be conformally formed along an internal side
surface and a lower surface of the gate opening DR and an internal surface of the third
isolation space SR3, and the gate electrode 165 may be formed in the remaining space.
Additionally, a gate capping layer 166 may be formed in the remaining space of the gate
opening DR.

[00114] The gate electrode 165 may have an extension electrode portion 165E at least
partially surrounding the second fin portion 105b in the second direction (e.g., D2), and the
gate insulating layer 164 may have an extension portion 164E at least partially surrounding
the extension electrode portion 165E in the first direction (e.g., D1). As described above, the
semiconductor device according to the example embodiment may be implemented in a GAA
structure.

[00115] FIG. 16 is a plan diagram illustrating a semiconductor device according to an
example embodiment. FIG. 17A to 17C are cross-sectional diagrams illustrating the
semiconductor device embodiments illustrated in FIG. 16 taken along lines I-1’, 111-111", and
112-112°, respectively.

[00116] Referring to FIGS. 16 and 17A to 17C, a semiconductor device 100E according to
the example embodiment may be similar to the example embodiment illustrated in FIGS. 1A-
4B other than the configuration in which a plurality of active fins 105 may be provided and

each of the source/drain regions 150 may be formed throughout the plurality of active fins
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105. Also, the components in the example embodiment may be understood with reference to
the descriptions of the same or similar components in the example embodiments illustrated in
FIGS. 1A to 4B unless otherwise indicated.

[00117] The semiconductor device 100E according to the example embodiment may
include a plurality of active fins 105 (e.g., three active fins 105), and each of the source/drain
regions 150 may be formed throughout the three active fins 105. Each of the plurality of
active fins 105 may include an isolation pattern 120 between the first fin portion 105A and
the second fin portion 105B, and the isolation pattern 120 may be disposed on the same level
in the D3 direction in the different active fins 105. Also, the isolation patterns 120 may have
the same thickness.

[00118] In the example embodiment, the number of the active fins 105 connected to each
of the source/drain regions 150 may be three, but a different number of active fins may be
arranged as above.

[00119] FIG. 18 is a plan diagram illustrating a semiconductor device according to an
example embodiment. FIGS. 19A to 19C are cross-sectional diagrams illustrating the
semiconductor device embodiments illustrated in FIG. 18 taken along lines I-1’, 111-111°, and
112-112°, respectively.

[00120] Referring to FIGS. 18 and 19A to 19C, a semiconductor device 100F according to
the example embodiment may be similar to the example embodiment illustrated in FIGS. 1 to
4B other than the configuration in which the semiconductor device 100F is implemented in a
multi-channel structure 140 using a plurality of channel layers 141, 142, and 143. Also, the
components in the example embodiment may be understood with reference to the
descriptions of the same or similar components in the example embodiments illustrated in
FIGS. 1A to 4B unless otherwise indicated.

[00121] Three channel layers 141, 142, and 143 spaced apart from each other in a direction
(e.g., D3) perpendicular to the upper surface of the substrate 101 on the active fin (herein,
referred to as “active pattern 105”) extending in the first direction (e.g., D1), and a gate
electrode 165 surrounding the three channel layers 141, 142, and 143 and extending in a
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second direction (e.g., D2) intersecting the first direction (e.g., D1) may be included. As
described above, the gate electrode 165 used in the example embodiment may be formed to
be interposed between the gate spacers 162 and also between the channel layers 141, 142, and
143.

[00122] The semiconductor device 100F may include a source/drain region 150 disposed
on the active pattern 150 disposed on both sides of the gate electrode 165, and connected to
the channel layers 141, 142, and 143. In the example embodiment, the source/drain regions
150 may be disposed on the active pattern 105 disposed on both sides of the gate electrode
165, and may be connected to both sides of the channel layers 141, 142, and 143 in the first
direction (e.g., D1). In the example embodiment, the number of the channel layers 141, 142,
and 143 may be three, but the number of the channel layers is not limited to any particular
example. The channel layers 141, 142, and 143 may include semiconductor patterns. For
example, the semiconductor patterns may include silicon (Si), silicon germanium (SiGe),
and/or germanium (Ge).

[00123] The source/drain region 150 may include an epitaxial layer formed using the
plurality of channel layers 141, 142, and 143 and the active pattern 105 as a seed. The
source/drain region 150 may include silicon germanium (SiGe), silicon (Si), and/or silicon
carbide (SiC).

[00124] Internal spacers IS provided between each of the source/drain regions 150 and the
gate electrode 165 may be included. The internal spacers IS may be provided on one side of
the gate electrode 165. The internal spacers IS and the channel layers 141, 142, and 143 may
be alternately disposed in the direction (e.g., D3) perpendicular to the upper surface of the
substrate 101. Each of the source/drain regions 150 may be in contact with the channel layers
141, 142, and 143, and may be spaced apart from the gate electrode 165 with the internal
spacers IS interposed therebetween. The gate insulating layer 164 may be interposed between
the gate electrode 165 and each of the channel layers 141, 142, and 143, and may extend to a
region between the gate electrode 165 and each of the internal spacers IS.

[00125] Asiillustrated in FIGS. 19A to 19C, the active pattern 105 may be divided into a
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first fin portion 105a and a second fin portion 105b disposed on the first fin portion 105a, and
the isolation pattern 120 may be disposed between the first fin portion 105a and the second
fin portion 105b. The isolation pattern 120 may be formed together with the gate spacer 162
of the gate structure 160.

[00126] Similar to the aforementioned example embodiment, the isolation pattern 120
used in the example embodiment may include a first portion 120a grown from the upper
surface of the first fin portion 105a and a second portion 120b grown from the lower surface
of the second fin portion 105b, and a boundary surface BL may be formed between the first
portion 120a and the second portion 120b. The boundary surface BL may be formed by
merging the first portion 120a and the second portion 120b.

[00127] Asiillustrated in FIG. 19C, the isolation pattern 120 may have a sidewall extension
portion 120E extending to the sidewall of the active pattern 150, that is, sidewalls of the first
fin portion 150a and the second fin portion 150b.

[00128] FIGS. 20A to 20H are cross-sectional diagrams illustrating operations of a method
of manufacturing a semiconductor device according to an example embodiment.

[00129] Referring to FIG. 20A, second sacrificial layers 135 and channel layers 141, 142,
and 143 may be alternately stacked on a substrate 101. Also, the substrate 101 may further
include an embedded first sacrificial layer 131. That is, the first sacrificial layer 131 at least
partially covered with the upper semiconductor layer 101U may be included on the upper
surface of the substrate 101.

[00130] The second sacrificial layers 135 may be sacrificial layers for forming a multi-
channel structure, and may provide a space for the gate insulating layer 162 and the gate
electrode 165 illustrated in FIGS. 19A and 19B. The second sacrificial layers 135 may be
formed of a material having etch selectivity with respect to the channel layers 141, 142, and
143. The channel layers 141, 142, and 143 may include a material different from that of the
second sacrificial layers 120. The second sacrificial layers 135 and the channel layers 141,
142, and 143 may include, for example, a semiconductor material including silicon (Si),

silicon germanium (SiGe), and/or germanium (Ge), and may include different materials. The
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channel layers 141, 142, and 143 may include impurities, but an example embodiment thereof
is not limited thereto.

[00131] For example, the second sacrificial layers 135 may include silicon germanium
(Si1x2Gexz), and the channel layers 141, 142, and 143 may include silicon (Si).

[00132] The first sacrificial layer 132 may be used as a sacrificial layer for the isolation
pattern. For example, the substrate 101 may be a silicon substrate, and the first sacrificial
layer 131 may be Si1x1Gex:. Because the first sacrificial layer 131 requires etching selectivity
with respect to the second sacrificial layers 135, the first germanium content x1 of the first
sacrificial layer 131 may be greater than the second germanium content x2 of the second
sacrificial layers 135. In example embodiments, the first germanium content x1 may be 0.3 or
more greater than the second germanium content x2.

[00133] Thereafter, referring to FIG. 20B, the active structures may be formed by
removing a portion of the substrate 101 in which the stack structure of the second sacrificial
layers 135 and the channel layers 141, 142, and 143 and the first sacrificial layer 131 are
embedded.

[00134] The active structure may include second sacrificial layers 135 and channel layers
141, 142, and 143 alternately stacked on the active pattern 105 extending in the first direction
(e.g., D1). The active pattern 105 may include first and second fin portions 105a and 105b
and a first sacrificial layer 131 disposed between the first and second fin portions 105a and
105b. The device isolation layer 110 may be formed in a region from which a portion of the
substrate 101 is removed by at least partially filling an insulating material and recessing the
material to allow the active region 105 to protrude. The upper surface of the device isolation
layer 110 may be formed on a level lower than a level of the first sacrificial layer 131
embedded in the active pattern 105 in the D3 direction.

[00135] Thereafter, referring to FIG. 20C, dummy gate structures 170 intersecting the
active structures may be formed, and an isolation space SR may be prepared by removing the
first sacrificial layer 131.

[00136] The dummy gate structures 170 may be sacrificial structures for a space on the
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channel structure 140 in which the gate insulating layer 164 and the gate electrode 165 are
disposed through a subsequent process. The dummy gate structures 170 may have a line
shape extending in a second direction (e.g., D2 direction) by intersecting the active structures,
and may be arranged to be spaced apart from each other in a first direction (e.g., D1
direction). The dummy gate structures 170 may include first and second sacrificial gate
patterns 172 and 175 and a cap mask 176 stacked in order.

[00137] In example embodiments, the first sacrificial gate pattern 172 may include silicon
oxide, and the second sacrificial gate pattern 175 may include polysilicon. The cap mask 176
may include silicon oxide and/or silicon nitride.

[00138] After forming the dummy gate structures 170 and before forming the gate spacers
162, the first sacrificial layer 131 may be selectively removed. Through this, an isolation
space SR for the isolation pattern 120 may be formed between the first fin portion 105a and
the second fin portion 105b.

[00139] Thereafter, referring to FIG. 20D, gate spacers 162 may be formed on both side
surfaces of the dummy gate structures 170, respectively, on the active structures, and the
isolation pattern 120 may be formed in the isolation space SR.

[00140] Inthe example embodiment, the process of forming the isolation pattern 120 may
be performed simultaneously with the process of forming the gate spacers 162.

[00141] A pair of gate spacers 162 may be formed on both side surfaces of each of the
dummy gate structures 170, respectively, and the isolation space SR may also be at least
partially filled with the same material as that of the gate spacers 162, thereby forming an
isolation pattern 120.

[00142] Specifically, the spacer material layer for the gate spacers 162 may be
conformally formed on the upper surface of the substrate 101 to at least partially cover the
active structure and the dummy gate structures 170. In the process of forming the spacer
material layer, the isolation space SR of the active pattern 105 may also be at least partially
filled. Thereafter, by selectively removing the spacer material layer through anisotropic

etching, gate spacers 162 and an isolation pattern 120 may be formed as illustrated in FIG.
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20D. Also, because the isolation pattern 120 is formed by merging the first portion 120a
grown from the upper surface of the first fin portion 105a and the second portion 120b grown
from the lower surface of the second fin portion 105b, a boundary surface BL may be formed
between the first portion 120a and the second portion 120b.
[00143] Thereafter, referring to FIG. 20E, the recess RC may be formed by removing the
second sacrificial layers 135 and the channel layers 141, 142, and 143 exposed on both sides
of the dummy gate structures 170. Through this process, the channel structures 140 may be
formed.
[00144] The exposed sacrificial layers 120 and the channel layers 141, 142, and 143 may
be removed using the dummy gate structures 170 and the gate spacers 162 as masks. After
the recess RC is formed through the removing process, the channel layers 141, 142, and 143
may have a limited length in the first direction (e.g., D1). The second sacrificial layers 135
and the channel structure 140 may be partially removed from side surfaces below the dummy
gate structures 170, such that both side surfaces of the dummy gate structures 170 in the first
direction (e.g., D1) may be disposed below the dummy gate structures 170 and the gate
spacer 162.
[00145] Thereafter, referring to FIG. 20F, by partially removing the exposed second
sacrificial layers 135 from the side surface, the internal spacer layers 130 may be formed in
the region from which the sacrificial layers 120 are removed. Thereafter, the source/drain
regions 150 may be formed in the recesses RC disposed on both sides of the dummy gate
structures 170.
[00146] The second sacrificial layers 135 may be selectively etched with respect to the
channel structures 140 by, for example, a wet etching process, and may be removed to a
predetermined depth from the side surface in the first direction (e.g., D1). The second
sacrificial layers 135 may provide spaces recessed inwardly by the etching the side surfaces
as described above. The internal spacer layers 130 may be formed in a space from which the
second sacrificial layers 135 are partially removed. For example, the internal spacer layers
130 may include at least one of SiN, SiCN, SiOCN, SiBCN, and SiBN.
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[00147] Inthe example embodiment, the source/drain regions 150 may be obtained by
sequentially forming a first epitaxial layer 150a and a second epitaxial layer 150b having
different compositions (e.g., Ge content) or different impurity concentrations.
[00148] Thereafter, referring to FIG. 20G, the interlayer insulating layer 180 may be
formed between the dummy gate structures 170, and the second sacrificial layers 135 and the
dummy gate structures 170 may be removed.
[00149] The interlayer insulating layer 180 may be formed by forming an insulating layer
at least partially covering the dummy gate structures 170 and the source/drain regions 150
and performing a planarization process. The second sacrificial layers 135 and the dummy
gate structure 170 may be selectively removed with respect to the gate spacer 162, the
interlayer insulating layer 180, and the channel structure 140. First, upper gap regions UR
may be formed by removing the dummy gate structures 170, and lower gap regions LR may
be formed by removing the second sacrificial layers 135 exposed through the upper gap
regions UR. For example, when the second sacrificial layers 135 include silicon germanium
(Sizx2Gex2) and the channel structure 140 includes silicon (Si), the sacrificial layers 120 may
be selectively removed by performing a wet etching process using peracetic acid as an
etchant. During the removing process, the source/drain regions 150 may be protected by the
interlayer insulating layer 180 and the internal spacers IS.
[00150] Thereafter, referring to FIG. 20H, gate structures 160 may be formed in the upper
gap regions UR and the lower gap regions LR.
[00151] The gate insulating layers 164 may be formed to conformally at least partially
cover internal surfaces of the upper gap regions UR and the lower gap regions LR. The upper
gap regions UR and the lower gap regions LR may be formed to be completely embedded,
and the gate electrodes 165 may be removed from the upper portion to a predetermined depth
in the upper gap regions UR. A gate cap layer 166 may be formed in a region of the upper
gap regions UR from which the gate electrodes 165 are removed. Accordingly, the gate
structures 160 including the gate insulating layer 164, the gate electrode 165, the gate spacer
162, and the gate cap layer 166 may be formed.
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[00152] Thereafter, by forming a contact structure 190 connected to the source/drain
region 150 that extends through the interlayer insulating layer 180, the semiconductor device
100F illustrated in FIGS. 18 and 19A to 19C may be manufactured.

[00153] According to the aforementioned example embodiments, without using a silicon
on insulator (SOI) substrate, by removing the embedded sacrificial pattern after forming the
active fin and at least partially filling the removed space with the same material when
forming the gate spacer, a semiconductor device, such as a desired SOl FinFET structure may
be manufactured.

[00154]  As such, the semiconductor device (e.g., a single gate (SG) transistor, or an N-
MOSFET), such as an SOI finFET structure having improved short-channel effect properties,
may be manufactured through a more simplified process, and may be implemented together
with a semiconductor device (e.g., an enhanced gate (EG) transistor, or P-MOSFET), such as
a bulk FinFET on a substrate.

[00155] While the example embodiments have been illustrated and described above, it will
be configured as apparent to those skilled in the art that modifications and variations could be
made without departing from the scope of the present disclosure as defined by the appended

claims.

34



What Is Claimed Is:

1. A semiconductor device, comprising:

an active fin extending in a first direction on an upper surface of a substrate, the
active fin comprising a first fin portion and a second fin portion on the first fin portion;

an isolation pattern between the first fin portion and the second fin portion;

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

source/drain regions in regions of the second fin portion on both sides of the gate
structure, respectively;

wherein the gate structure includes a gate electrode intersecting a region of the
active fin and extending in the second direction, a pair of gate spacers extending in the
second direction along both side surfaces of the gate electrode in the first direction, the pair
of gate spacers and the isolation pattern comprising a same material, and a gate insulating

layer between the gate electrode and the active fin.

2. The semiconductor device of claim 1, wherein the isolation pattern includes
a first portion grown from an upper surface of the first fin portion, and a second portion
having a boundary surface with the first portion and grown from a lower surface of the

second fin portion.

3. The semiconductor device of claim 2, wherein each of the pair of gate
spacers includes a first spacer film and a second spacer film on both of the side surfaces of

the gate electrode, respectively.

4, The semiconductor device of claim 3,
wherein each of the first portion and the second portion of the isolation pattern

includes a first insulating film and a second insulating film symmetrically arranged with
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respect to the boundary surface, and
wherein the first insulating film and the first spacer film comprise a same material,

and the second insulating film and the second spacer film comprise a same material.

5. The semiconductor device of claim 3, wherein each of the first portion and
the second portion of the isolation pattern is formed of a same insulating material as that of

the first spacer film.

6. The semiconductor device of any one of claims 1 to 5, wherein the isolation
pattern has a width smaller than a width of adjacent portions of the first and second fin
portions in a cross-section of a portion of the active fin, taken in the second direction, in

which the gate structure is disposed.

7. The semiconductor device of any one of claims 1 to 5, wherein the isolation
pattern has a width greater than a width of adjacent portions of the first and second fin
portions in a cross-section of a portion of the active fin, taken in the second direction, in

which the gate structure is disposed.

8. The semiconductor device of any one of claims 1 to 7,

wherein the gate electrode has an extension electrode portion passing through a
region between the first fin portion and the second fin portion to at least partially surround
the second fin portion in the second direction, and

wherein the isolation pattern is divided into a first pattern and a second pattern by

the extension electrode portion.

9. The semiconductor device of claim 8, wherein the gate insulating layer has
an extended portion at least partially surrounding the extension electrode portion in the first

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

wherein the active fin includes a plurality of active fins, and the source/drain region
is disposed throughout the plurality of active fins, and

wherein the isolation patterns of the plurality of active fins are on a same level

relative to the upper surface of the substrate being a base reference level.

11. The semiconductor device of any one of claims 1 to 5, wherein the isolation
pattern has a sidewall extension portion extending to a sidewall of the active fin in a cross-
section of a portion of the active fin, taken in the second direction, in which the source/drain

regions are disposed.

12. The semiconductor device of any one of claims 1 to 11, further comprising:

a plurality of channel layers spaced apart from each other in a direction
perpendicular to the upper surface of the substrate on the active fin and extending in the first
direction,

wherein the source/drain regions are connected to the plurality of channel layers,
respectively, and

wherein the gate electrode at least partially surrounds the plurality of channel layers
and extends in the second direction, and the gate insulating layer is between the plurality of

channel layers and the gate electrode and between the active fin and the gate electrode.

13. A semiconductor device, comprising:

a substrate having an upper surface including a first region and a second region,;

a first transistor on the first region of the substrate; and

a second transistor on the second region of the substrate,

wherein the first transistor includes a first active fin extending in a first direction on

the first region of the substrate, the first active fin having a first fin portion and a second fin
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portion on the first fin portion, a first isolation pattern between the first fin portion and the
second fin portion, a first gate structure intersecting the first active fin and extending in a
second direction intersecting the first direction, the first gate structure including a pair of first
gate spacers including a same material as a material of the first isolation pattern, and first
source/drain regions in regions of the second fin portion on both sides of the first gate
structure, respectively, and

wherein the second transistor includes a second active fin extending in the first
direction on the second region of the substrate, a second gate structure intersecting the second
active fin and extending in the second direction, and second source/drain regions in regions

of the second active fin on both sides of the second gate structure, respectively.

14. The semiconductor device of claim 13, wherein an upper end of the first
active fin at least partially covered by the first gate structure has a same level as a level of an
upper end of the second active fin at least partially covered by the second gate structure

relative to the upper surface of the substrate being a base reference level.

15. The semiconductor device of claim 13 or claim 14, wherein the first isolation
pattern includes a first portion grown from an upper surface of the first fin portion, and a
second portion having a boundary surface with the first portion and grown from a lower

surface of the second fin portion.

16. The semiconductor device of claim 15,

wherein each of the pair of first gate spacers includes a first spacer film and a second
spacer film having different materials, and

wherein each of the first and second portions of the isolation pattern includes a first
insulating film and a second insulating film symmetrically arranged with respect to the
boundary surface, the first insulating film and the first spacer film comprising a same

material, and the second insulating film and the second spacer film comprise a same
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material.

17. The semiconductor device of claim 13, wherein the first gate structure is
configured to extend to a region between the first fin portion and the second fin portion and

to at least partially surround the second fin portion in the second direction.

18. The semiconductor device of claim 17,

wherein the upper surface of the substrate further includes a third region in which a
third transistor is disposed,

wherein the third transistor includes a third active fin extending in the first direction
on the third region of the substrate, where the third active fin has a third fin portion and a
fourth fin portion disposed on the third fin portion, a second isolation pattern between the
third fin portion and the fourth fin portion, a third gate structure intersecting the third active
fin and extending in the second direction, and third source/drain regions in regions of the
third fin portion on both sides of the third gate structure, respectively, and

wherein the second isolation pattern is on a same level as a level of the first isolation

pattern relative to the upper surface of the substrate being a base reference level.

19. A semiconductor device, comprising:

an active fin disposed on a substrate and extending in a first direction, the active fin
having a first fin portion and a second fin portion on the first fin portion;

an isolation pattern between the first fin portion and the second fin portion;

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

source/drain regions in regions of the second fin portion on both sides of the gate
structure, respectively,

wherein the gate structure includes:

a gate electrode intersecting one region of the active fin, and including an extension

39



electrode portion passing through the one region between the first and second fin portions to
at least partially surround the second fin portion in the second direction;

a pair of gate spacers extending in the second direction along both side surfaces of
the gate electrode in the first direction and including a same material as a material of the
isolation pattern; and

a gate insulating film between the gate electrode and the active fin.

20. The semiconductor device of claim 19, wherein the isolation pattern includes
a first portion grown from an upper surface of the first fin portion, and a second portion having
a boundary surface with the first portion and grown from a lower surface of the second fin

portion.
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