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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED

APPLICATION
[0001] The present application claims priority under 35
US.C. § 119(a) to Korean patent application number

10-2019-0068902 filed on Jun. 11, 2019, which is incorpo-
rated herein by reference in its entirety.

BACKGROUND

1. Field of Invention

[0002] The present disclosure relates to a semiconductor
device and a method of manufacturing the same, and more
particularly to a three-dimensional semiconductor device
and a method of manufacturing the same.

2. Description of Related Art

[0003] A semiconductor device may include a memory
cell array including a plurality of memory cells. The
memory cell array may include memory cells disposed in
various structures. In order to improve an integration degree
of a semiconductor device, a three-dimensional semicon-
ductor device including three-dimensionally arranged
memory cells has been proposed.

[0004] However, reliability of the three-dimensional semi-
conductor device may be reduced by various causes.

SUMMARY

[0005] A semiconductor device according to an embodi-
ment of the present invention may include a channel struc-
ture, insulating structures surrounding the channel structure
and stacked to be spaced apart from each other, interlayer
insulating films surrounding the insulating structures,
respectively, and a gate electrode extending from between
the interlayer insulating films to between the insulating
structures and surrounding the channel structure. The insu-
lating structures may include protrusion portions extending
to cover edges of the interlayer insulating films facing the
channel structure, and the gate electrode may extend
between the protrusion portions which are adjacent to each
other.

[0006] The insulating structures may include sidewalls
facing the interlayer insulating films. The interlayer insulat-
ing films may be respectively inserted into grooves defined
by the sidewalls and the protrusion portions of the insulating
structures.

[0007] In an embodiment, the insulating structures may
include a first material pattern disposed between each of the
interlayer insulating films and the channel structure, and a
second material pattern covering each of the edges of the
interlayer insulating films and configured of oxide of the first
material pattern.

[0008] In an embodiment, the insulating structures may
include a first material pattern disposed between each of the
interlayer insulating films and the channel structure, a sec-
ond material pattern covering each of the edges of the
interlayer insulating films, and a void disposed between the
first material pattern and the second material pattern.
[0009] A semiconductor device according to an embodi-
ment of the present invention may include a channel struc-
ture, a memory film including a tunnel insulating film
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surrounding a sidewall of the channel structure, a data
storage film surrounding a sidewall of the tunnel insulating
film, and a blocking insulating film surrounding a sidewall
of the data storage film, first material patterns surrounding
the memory film and stacked to be spaced apart from each
other, interlayer insulating films surrounding the first mate-
rial patterns, respectively, a gate electrode extending from
between the interlayer insulating films which are adjacent to
each other to between the first material patterns which are
adjacent to each other, and second material patterns disposed
between the first material patterns and the gate electrode.

[0010] In an embodiment, the second material patterns
may be configured of oxide of the first material patterns.

[0011] In an embodiment, the second material patterns
may include a porous insulating material.

[0012] The semiconductor device may further include a
void formed between the first and second material patterns
which are adjacent to each other.

[0013] A semiconductor device according to an embodi-
ment of the present invention may include a stack of a first
and second gate electrodes separated with an interlayer
insulating film disposed between the first and second gate
electrodes, a channel structure penetrating through the stack,
an insulating structure disposed between the interlayer insu-
lating film and the channel structure, and the insulating
structure including a vertical part and first and second
protrusion portions at a first and second ends of the vertical
part. The first and second protrusion portions may separate
respective recessed portions of the first and second gate
electrodes from the channel structure.

[0014] A method of manufacturing a semiconductor
device according to an embodiment of the present invention
may include forming a stack body in which interlayer
insulating films and sacrificial films are alternately stacked,
forming a hole penetrating the stack body, forming a first
material film on an inner wall of the hole, forming a channel
structure in a center region of the hole opened by the first
material film, removing the sacrificial films of the stack body
to form opening portions exposing the first material film,
removing exposed regions of the first material film through
the opening portions so that the first material film is divided
into first material patterns, forming second material patterns
by oxidizing a portion of the first material patterns from an
etched surface of each of the first material patterns, and
forming gate electrodes filling the opening portions and
extending between the second material patterns.

[0015] A method of manufacturing a semiconductor
device according to an embodiment of the present invention
may include forming a stack body in which interlayer
insulating films and sacrificial films are alternately stacked,
forming a hole penetrating the stack body, forming a first
material film on an inner wall of the hole, forming a memory
film on the first material film, forming a channel structure in
a center region of the hole opened by the memory film,
removing the sacrificial films of the stack body to form first
opening portions exposing the first material film, etching the
first material film through the first opening portions so that
second opening portions are defined between the interlayer
insulating films and the memory film, forming second mate-
rial patterns in the second opening portions, and forming
gate electrodes filling the first opening portions and extend-
ing between the second material patterns.
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[0016] In an embodiment, the second material patterns
may include a porous insulating material filling the second
opening portions.

[0017] Inan embodiment, the forming the second material
patterns may include forming a second material film along
surfaces of the interlayer insulating films so that a void is
formed in each of the second opening portions, and etching
the second material film so that the second material patterns
remain on edges of the interlayer insulating films facing the
channel structure.

[0018] These and other features and advantages of the
present invention will become apparent to those skilled in
the art of the invention from the following detailed descrip-
tion in conjunction with the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 11s a perspective view illustrating a portion of
a semiconductor device according to an embodiment of the
present disclosure.

[0020] FIGS. 2A to 2C are enlarged views of insulating
structures shown in FIG. 1.

[0021] FIGS. 3A and 3B are views illustrating insulating
structures according to an embodiment of the present dis-
closure.

[0022] FIGS. 4A and 4B are views illustrating insulating
structures according to an embodiment of the present dis-
closure.

[0023] FIGS. 5A to 5F are cross-sectional views illustrat-
ing a method of manufacturing a semiconductor device
according to an embodiment of the present disclosure.
[0024] FIGS. 6A to 6C are cross-sectional views illustrat-
ing a method of manufacturing a semiconductor device
according to an embodiment of the present disclosure.
[0025] FIGS. 7A and 7B are cross-sectional views illus-
trating a method of manufacturing a semiconductor device
according to an embodiment of the present disclosure.
[0026] FIGS. 8A to 8E are perspective views schemati-
cally illustrating memory strings of semiconductor devices
according to embodiments of the present disclosure.
[0027] FIGS. 9A to 9E are enlarged views illustrating
portions of the memory strings shown in FIGS. 8A to 8E.

[0028] FIG. 10 is an enlarged view of a K region shown in
FIG. 8C.
[0029] FIG. 11 is a block diagram illustrating a configu-

ration of a memory system according to an embodiment of
the present disclosure.
[0030] FIG. 12 is a block diagram illustrating a configu-
ration of a computing system according to an embodiment of
the present disclosure.

DETAILED DESCRIPTION

[0031] The specific structural or functional description
disclosed herein is merely illustrative for the purpose of
describing embodiments according to the concept of the
present disclosure. The embodiments according to the con-
cept of the present disclosure can be implemented in various
forms, and cannot be construed as limited to the embodi-
ments set forth herein.

[0032] It is noted that reference to “an embodiment,”
“another embodiment” or the like does not necessarily mean
only one embodiment, and different references to any such
phrase are not necessarily to the same embodiment(s).
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[0033] The drawings are not necessarily to scale and, in
some instances, proportions may have been exaggerated in
order to clearly illustrate features of the embodiments.
[0034] In addition, it will also be understood that when an
element is referred to as being “between” two elements, it
may be the only element between the two elements, or one
or more intervening elements may also be present.

[0035] It should also be noted that features present in one
embodiment may be used with one or more features of
another embodiment without departing from the scope of the
invention.

[0036] Itis further noted, that in the various drawings, like
reference numbers designate like elements.

[0037] Embodiments of the present disclosure provide a
semiconductor device with improved reliability and a
method of manufacturing the same.

[0038] FIG.11is a perspective view illustrating a portion of
a semiconductor device according to an embodiment of the
present disclosure.

[0039] Referring to FIG. 1, the semiconductor device may
include gate stack bodies GST separated from each other by
a slit SI, a channel structure CH penetrating each of the gate
stack bodies GST, a memory film ML surrounding a sidewall
of the channel structure CH, insulating structures IA which
surround the memory film ML and are stacked to be spaced
apart from each other.

[0040] The slit SI may be filled with a material to form a
vertical structure VS. In an embodiment, the material of the
vertical structure VS may include an insulating material. In
another embodiment, the vertical structure VS may include
spacer insulating films formed on sidewalls of the gate stack
bodies GST, and a conductive material filling the slits SI
between the spacer insulating films.

[0041] Each of the gate stack bodies GST may include
interlayer insulating films ILD and gate electrodes GA
which are alternately stacked in one direction. Hereinafter, a
direction in which the interlayer insulating films ILD and the
gate electrodes GA are alternately stacked is referred to as a
stack direction.

[0042] The insulating structures IA may surround the
channel structure CH and be spaced apart from each other in
the stack direction. The insulating structures 1A may be
surrounded by the interlayer insulating films ILD, respec-
tively. In other words, each of the insulating structures 1A
may be disposed between the corresponding interlayer insu-
lating film ILD and channel structure CH. Each of the
insulating structures IA may include a sidewall facing the
corresponding interlayer insulating film ILD. A groove R
may be defined in the sidewall of each of the insulating
structures 1A facing the corresponding interlayer insulating
film ILD. Each interlayer insulating film ILD may be
inserted in a corresponding groove R.

[0043] Each of the interlayer insulating films ILD may
protrude to an external device of the groove R from the
corresponding groove R toward the vertical structure VS.
The interlayer insulating films ILD may be made of any
suitable insulating material. For example, the interlayer
insulating films ILD may be or include a silicon oxide film.
[0044] The gate electrodes GA may be or include at least
one of a doped semiconductor, a metal, a metal silicide, and
a metal nitride film. The gate electrodes GA may be used as
a gate electrode of a memory cell or a gate electrode of a
select transistor.
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[0045] The channel structure CH may extend in the stack
direction and may be surrounded by the gate electrodes GA.
The sidewall of the channel structure CH may be surrounded
by the memory film ML.

[0046] The memory film ML may extend between the
insulating structures IA and the channel structure CH, and
between the gate electrodes GA and the channel structure
CH.

[0047] FIGS.2Ato 2C are enlarged views of the insulating
structures A shown in FIG. 1. FIG. 2A is a perspective view
illustrating one of the insulating structures 1A, FIG. 2B is an
enlarged view of an X region shown in FIG. 1, and FIG. 2C
is an enlarged view of a Y region shown in FIG. 2B.
[0048] Referring to FIG. 2A, the insulating structure 1A
may surround a hole H so that the hole H is defined in a
center region. The hole H of the insulating structure IA may
be filled with the memory film ML and the channel structure
CH described above with reference to FIG. 1. The insulating
structure IA may define the groove R described above with
reference to FIG. 1. The groove R may be defined between
protrusion portions PP respectively formed at an upper end
and a lower end of the insulating structure IA.

[0049] Referring to FIG. 2B, the gate electrode GA may be
disposed between two consecutive interlayer insulating
films ILD in the stack direction, i.e., two interlayer insulat-
ing films ILD which are adjacent to each other in the stack
direction. The gate electrode GA may extend from between
the interlayer insulating films ILD and also between the
insulating structures 1A adjacent to each other in the stack
direction. The insulating structures IA may include the
protrusion portions PP as described above with reference to
FIG. 2A. Specifically, the gate electrode GA may extend
between the pair of adjacent protrusion portions PP in the
stack direction. The gate electrode GA may include recessed
portions in a shape corresponding to the protrusion portions
PP. The recessed portions of the gate electrode GA may have
a shape that is complementary to the shape of the corre-
sponding protrusion portions PP. The recessed portions of
the gate electrode GA may be located at corner edges of the
gate electrode GA that are proximate to the channel structure
CH.

[0050] The interlayer insulating films ILD may include
channel side-edges facing the channel structure CH. The
protrusion portions PP of the insulating structures 1A may
extend to cover the channel side-edges of the interlayer
insulating films ILD.

[0051] Referring to FIGS. 2A to 2C, each of the protrusion
portions PP of the insulating structures 1A may extend from
its connecting vertical part VP inside its corresponding gate
electrode GA to cover a channel side-edge of the corre-
sponding gate electrode GA. Each of the protrusion portions
PP of the insulating structures IA may also extend in the
horizontal direction beyond the interface of the correspond-
ing interlayer insulating film ILD and its vertical part VP to
form the groove R.

[0052] Each of the insulating structures 1A may include a
first material pattern M1A and a second material pattern
M2A. The first material pattern M1A and the second mate-
rial pattern M2A may be different from each other. The first
material pattern M1A may be disposed between the corre-
sponding interlayer insulating film ILD and channel struc-
ture CH. The first material pattern M1A may be disposed on
the second material pattern M2A. For example, the first
material pattern M1A may include at least one of a silicon
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oxynitride film (SiON), a silicon nitride film (SiN), and
silicon (Si). The second material pattern M2A may be made
of or include an oxide of the first material pattern M1A.

[0053] The memory film ML may include a tunnel insu-
lating film TI, a data storage film DS, and a blocking
insulating film BI which are stacked on the sidewall of the
channel structure CH. The tunnel insulating film TI may
surround the sidewall of the channel structure CH, the data
storage film DS may surround a sidewall of the tunnel
insulating film T1, and the blocking insulating film BI may
surround a sidewall of the data storage film DS. The tunnel
insulating film TT may be formed of a silicon oxide film
capable of charge tunneling. The data storage film DS may
be formed of a charge trap film, a material film including
conductive nano dot, or a phase change material film. The
data storage film DS may store data that is changed using
Fowler-Nordheim tunneling. To this end, the data storage
film DS may be formed of a silicon nitride film capable of
charge trapping. The data storage film DS may store data
based on an operation principle other than the Fowler-
Nordheim tunneling. For example, the data storage film DS
may be formed of a phase change material film and may
store data corresponding to a phase change. The blocking
insulating film BI may include an oxide film capable of
charge blocking.

[0054] The channel structure CH may include a semicon-
ductor film SE surrounded by the memory film ML. The
semiconductor film SE may include silicon. In an embodi-
ment, the semiconductor film SE may be formed to fill the
center region of the hole H shown in FIG. 2A. In another
embodiment, the semiconductor film SE may be formed to
surround a core insulating film CO filling the center region
of the hole H shown in FIG. 2A.

[0055] Referring to FIG. 2C, the second material pattern
M2A may include the vertical portion VP and the protrusion
portion PP. The vertical portion VP may extend from the first
material pattern M1A toward the gate electrode GA and may
be disposed between the corresponding interlayer insulating
film ILD and memory film ML. The protrusion portion PP
may extend from the vertical portion VP in the horizontal
direction beyond the channel side-edge of the corresponding
interlayer insulating film ILD in order to form the groove R.
In the illustrated embodiment of FIG. 2C, the protrusion PP
may have a first surface contacting the memory film ML, a
second surface contacting the interlayer insulating film ILD
and a third surface contacting the gate electrode GA. The
protrusion PP may be wider than the vertical portion VP so
that it may cover an edge of the interlayer insulating film
ILD.

[0056] As shown in FIGS. 2A to 2C, the protrusion
portions PP of each of the insulating structures IA may
locally increase the thickness of the insulating structure at
edges of the corresponding gate electrodes GA. Therefore, a
fringing capacitance and a fringing field between the gate
electrodes GA and the channel structure CH may be reduced
by the protrusion portion PP. The data storage film DS may
include a spacer region surrounded by the interlayer insu-
lating films ILD and a cell region surrounded by the gate
electrodes GA. When the fringing capacitance and the
fringing field are reduced, concentration of holes accumu-
lated in space regions of the data storage film DS during an
erase operation of the semiconductor device may be
reduced. In addition, a phenomenon in which electrons
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stored in the cell region of the data storage film DS are
diffused to the space regions may be reduced.

[0057] FIGS. 3A and 3B are views illustrating insulating
structures according to an embodiment of the present dis-
closure. FIG. 3A is an enlarged view of a Z region shown in
FIG. 3A.

[0058] Referring to FIGS. 3A and 3B, the insulating
structures 1B may be disposed apart from each other in the
stack direction of the interlayer insulating films ILD and
gate electrodes GB. The interlayer insulating films ILD and
the gate electrodes GB may configure the gate stack body
GST described above with reference to FIG. 1. The inter-
layer insulating films ILD may be formed of the same
material as the interlayer insulating films ILD described
above with reference to FIG. 1. The gate electrodes GB may
be formed of the same material as the gate electrodes GA
described above with reference to FIG.

[0059] In FIG. 3A, one gate electrode GB is illustrated as
being disposed between a pair of consecutive interlayer
insulating films ILD which are adjacent to each other in the
stack direction. The gate electrode GB may extend between
the insulating structures IB adjacent to each other in the
stack direction and may surround the memory film ML.
[0060] The memory film ML may be configured of the
same structure and the same material films as those
described above with reference to FIG. 1. For example, the
memory film ML may surround the sidewall of the channel
structure CH. The memory film ML may include the tunnel
insulating film T1I, the data storage film DS, and the blocking
insulating film BI as described above with reference to FIG.
2B. The channel structure CH may be formed of the same
structure and the same material films as those described
above with reference to FIG. 2B. For example, the channel
structure CH may be configured of the semiconductor film
SE or may be configured of the core insulating film CO and
the semiconductor film SE surrounding the core insulating
film CO.

[0061] The insulating structures IB may include first mate-
rial patterns M1B and second material patterns M2B. The
first material patterns M1B of the insulating structures 1B
may surround the memory film ML and be spaced apart from
each other in the stack direction. The first material pattern
M1A may be disposed on the second material pattern M2A.
The first and second material patterns M1A and M2A may
be aligned to form a straight-line element.

[0062] The interlayer insulating films ILD may be formed
to surround the first material patterns M1B, respectively.
Each of the insulating films ILD may be longer than the
corresponding first material pattern M1B in the stack direc-
tion.

[0063] The second material patterns M2B of the insulating
structures IB may be disposed between the gate electrode
GB and the first material patterns M1B adjacent to the gate
electrode GB. A pair of a first material pattern MB1 and a
second material pattern may be disposed between two
consecutive gate electrodes GB. The second material pat-
terns M2B may be configured of a different insulating
material from that of the first material patterns M1B. In an
embodiment, the first material patterns M1B may include a
silicon oxynitride film (SiON), and the second material
patterns M2B may include a porous insulating material.
Hence, the second material patterns M2B may include many
pores when compared to the first material patterns M1B and
the blocking insulating film BI, and the second material
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patterns M2B may have a dielectric constant that is sub-
stantially lower than that of the first material patterns M1B
and the blocking insulating film BI. Processes for forming
porous insulating material are well known. The porous
insulating material may be formed by using deposition
method. For example, the porous insulating material may
include porous silicon dioxide formed by using deposition
method.

[0064] The second material patterns M2B may extend
between each of the interlayer insulating films ILD and the
memory film ML. Each of the second material patterns M2B
may extend from the corresponding first material pattern
MI1B toward the gate electrode GB.

[0065] The second material pattern M2B may include a
vertical portion VP and a protrusion portion PP'. The vertical
portion VP may extend from the first material pattern M1B
toward the gate electrode GB and may be disposed between
the corresponding interlayer insulating film ILD and the
memory film ML. The protrusion portion PP' may extend
from the vertical portion VP. In the illustrated embodiment
of FIG. 3B, the protrusion portion PP' may have a first
surface contacting the memory film ML and a second
surface contacting the gate electrode GB. The second sur-
face may contact the corresponding gate electrode GB which
may have a corner having a convex surface which is
complementary to the concave surface of the second surface
of the protrusion portion PP'. The protrusion portion PP"
may have the same width as the vertical portion VP.

[0066] As shown in FIGS. 3A and 3B, the second material
pattern M2B of each of the insulating structures IB may
locally reduce a dielectric constant at an edge of the corre-
sponding gate electrode GB. Therefore, a fringing capaci-
tance and a fringing field between the gate electrode GB and
the channel structure CH may be reduced by the second
material pattern M2B. As a result, the concentration of holes
accumulated in the space regions of the data storage film DS
during the erase operation may be reduced. The phenom-
enon that the electrons stored in the cell region of the data
storage film DS are diffused into the space regions may be
reduced.

[0067] FIGS. 4A and 4B are views illustrating insulating
structures IC according to an embodiment of the present
disclosure. FIG. 4B is an enlarged view of a region W shown
in FIG. 4A.

[0068] Referring to FIGS. 4A and 4B, the insulating
structures IC may be disposed apart from each other in the
stack direction of the interlayer insulating films ILD and
gate electrodes GC. The interlayer insulating films ILD and
the gate electrodes GC may configure the gate stack body
GST described above with reference to FIG. 1. The inter-
layer insulating films ILD may be formed of the same
material as the interlayer insulating films ILD described
above with reference to FIG. 1. The gate electrodes GC may
be formed of the same material as the gate electrodes GA
described above with reference to FIG.

[0069] The insulating structures IC may be formed along
the stack direction of the interlayer insulating films ILD and
the gate electrodes GC, and may alternate with the gate
electrodes GC in the stack direction. FIG. 4A shows gate
electrode GC which is disposed between two consecutive
interlayer insulating films ILD adjacent to each other in the
stack direction. The gate electrode GC may surround the
memory film ML.
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[0070] The memory film ML may be configured of the
same structure and the same material film as those described
above with reference to FIG. 1. For example, the memory
film ML may surround the sidewall of the channel structure
CH. The memory film ML may include the tunnel insulating
film TI, the data storage film DS, and the blocking insulating
film BI as described above with reference to FIG. 2B. The
channel structure CH may be formed of the same structure
and the same material films as those described above with
reference to FIG. 2B. For example, the channel structure CH
may be configured of the semiconductor film SE or may be
configured of the core insulating film CO and the semicon-
ductor film SE surrounding the core insulating film CO.
[0071] The insulating structures IC may include first mate-
rial patterns M1C and second material patterns M2C. The
first material patterns M1C of the insulating structures IC
may surround the memory film ML and be spaced apart from
each other in the stack direction.

[0072] The interlayer insulating films IL.D may be formed
to surround the first material patterns M1C, respectively.
Each of the interlayer insulating films ILD may be longer
than the corresponding first material pattern M1C in the
stack direction. Each of the insulating structures IC may
protrude in the stack direction toward the corresponding gate
electrodes GC.

[0073] Each of the second material patterns M2C of the
insulating structures IC may be disposed between the cor-
responding gate electrode GC and the corresponding first
material pattern M1C. The second material patterns M2C
may include protrusion portions PP" extending between the
gate electrode GC and the interlayer insulating films IL.D so
as to cover the channel side-edges of the interlayer insulat-
ing films ILD facing the channel structure CH. Each of the
protrusion portions PP" may be disposed between the gate
electrode GC and the memory film ML. The protruding
portions PP" extend to overlap partially in the stack direction
with the corresponding interlayer insulating film ILD.
[0074] The second material patterns M2C may be config-
ured of an insulating material. The second material patterns
M2C may be spaced apart from the first material patterns
M1C and a void V may be formed between the first material
pattern M1C and the second material pattern M2C which are
adjacent to each other. The void V may be disposed between
each of the interlayer insulating films ILD and the memory
film ML. The voids V may be spaced from the gate electrode
GC by the second material patterns M2C that are in contact
with the interlayer insulating films ILD.

[0075] As shown in FIGS. 4A and 4B, a dielectric constant
of the insulating structures IC may be locally reduced
through the void V at an edge of the gate electrode GC.
Therefore, a fringing capacitance and a fringing field
between the gate electrode GC and the channel structure CH
may be reduced by the void V. As a result, the concentration
of holes accumulated in the space regions of the data storage
film DS during the erase operation may be reduced. The
phenomenon that the electrons stored in the cell region of the
data storage film DS are diffused into the space regions may
be reduced.

[0076] FIGS. 5A to 5F are cross-sectional views illustrat-
ing a method of manufacturing a semiconductor device
according to an embodiment of the present disclosure. For
example, FIGS. 5A to 5F are cross-sectional views illustrat-
ing a method of manufacturing a semiconductor device
including the insulating structures shown in FIGS. 2A to 2C.
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[0077] Referring to FIG. 5A, a stack body ST in which
interlayer insulating films 101 and sacrificial films 103 are
alternately stacked may be formed. The stack body ST may
be formed on a substrate (not shown) including a peripheral
circuit.

[0078] The sacrificial films 103 may be formed of a
material different from that of the interlayer insulating films
101. For example, the interlayer insulating films 101 may be
formed of an oxide such as a silicon oxide film. The
sacrificial films 103 may be formed of a material having an
etch rate different from that of the interlayer insulating films
101. For example, the sacrificial films 103 may be formed of
a nitride such as a silicon nitride film.

[0079] Subsequently, forming a hole 111 penetrating the
stack body ST, forming a first material film 121 on an inner
wall of the hole 111, forming a memory film 130 on the first
material film 121, and forming a channel structure 140 in a
center region of the hole 111 opened by the memory film 130
may be sequentially performed.

[0080] The first material film 121 may include at least one
of a silicon oxynitride film (SiON), a silicon nitride film
(SiN), and a silicon film (Si).

[0081] The memory film 130 may include a blocking
insulating film 131, a data storage film 133 and, a tunnel
insulating film 135 which are sequentially stacked on the
first material film 121 toward the center region of the hole
111. The blocking insulating film 131 may include an oxide
film capable of charge blocking. The data storage film 133
may be formed of a charge trap film, a material film
including conductive nano dot, or a phase change material
film. For example, the data storage film 133 may store data
that is changed using Fowler-Nordheim tunneling. To this
end, the data storage film 133 may be formed of a silicon
nitride film capable of charge trapping. The tunnel insulating
film 135 may be formed of a silicon oxide film capable of
charge tunneling.

[0082] The channel structure 140 may include a semicon-
ductor film 141 formed on the memory film 130. The
semiconductor film 141 may include silicon. When the
center region of the hole 111 is opened by the semiconductor
film 141, the center region of the hole 111 may be filled with
a core insulating film 143.

[0083] Referring to FIG. 5B, a slit 151 penetrating the
stack body ST may be formed. The sacrificial films 1.03 may
be exposed by the slit 151.

[0084] Referring to FIG. 5C, the sacrificial film 103 shown
in FIG. 5B may be removed through the slit 151. Therefore,
first opening portions 153 exposing a side portion of the first
material film 121 may be formed. The first opening portions
153 may be defined between the interlayer insulating films
101.

[0085] Referring to FIG. 5D, the exposed regions of the
first material film 121 may be etched through the first
opening portions 153 to form second opening portions 155
connected to the first opening portions 153, respectively.
Some regions of the first material film 121 surrounded by the
interlayer insulating films 101 may remain as first material
patterns 121A. The first material patterns 121A may be
separated from each other by the second opening portions
155.

[0086] Referring to FIG. 5E, the first material patterns
121A may be partially oxidized from an etched surface of
each of the first material patterns 121A shown in FIG. 5D
through the second opening portions 155 described above
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with reference to FIG. 5D. Therefore, second material
patterns 121AB configured of the oxide of the first material
film may be formed. First material patterns 121AA which
are not oxidized may remain between each of the interlayer
insulating films 101 and the memory film 130.

[0087] In an embodiment, an oxidation process may be
performed in a thermal oxidation method. The second mate-
rial patterns 121AB may include an oxide formed by an
evaporation method other than the thermal oxidation
method.

[0088] The second material patterns 121 AB may extend to
cover channel side-edges of the interlayer insulating films
101 facing the channel structure 140.

[0089] Referring to FIG. 5F, the first opening portions 153
shown in FIG. 5E may be filled with gate electrodes 161A.
The forming the gate electrodes 161A may include depos-
iting a conductive material to fill the first opening portions
153 and removing the conductive material in the slit 151 so
that the conductive material is separated into the gate
electrodes 161A by the slit 151.

[0090] The gate electrodes 161A may extend to fill
between the second material patterns 121AB adjacent to
each other in a direction in which the gate electrodes 161A
and the interlayer insulating films 101 are stacked. There-
fore, the gate electrodes 161 A may include recessed portions
having a shape corresponding to the second material patterns
121AB.

[0091] FIGS. 6A to 6C are cross-sectional views illustrat-
ing a method of manufacturing a semiconductor device
according to an embodiment of the present disclosure. For
example, FIGS. 6A to 6C are cross-sectional views illus-
trating a method of manufacturing a semiconductor device
including the insulating structures shown in FIGS. 3A and
3B.

[0092] Before a process shown in FIG. 6A is performed,
the same processes as those described above with reference
to FIGS. 5A to 5C may be performed.

[0093] Referring to FIG. 6A, the exposed portions of the
first material film are etched through the first opening
portions 153 shown in FIG. 5C to form second opening
portions 155' connected to the first opening portions 153,
respectively. The first material film may be separated into
the first material patterns 121B by the second opening
portions 155'.

[0094] The first material patterns 121B may be or include
a silicon oxynitride film (SiON). The first material patterns
121B may remain between the interlayer insulating films
101 and the memory film 130. The second opening portions
155' may extend between the memory film 130 and the
interlayer insulating films 101 to expose the channel side-
edges of the interlayer insulating films 101 facing the
channel film 140.

[0095] Referring to FIG. 6B, second material patterns 157
may be formed in the second opening portions 155'
described above with reference to FIG. 6A. The second
material patterns 157 may be formed of a different insulating
material from that of the first material patterns 121B. In an
embodiment, the second material patterns 157 may include
an insulating material having a dielectric constant lower than
that of the first material patterns 121B. For example, the
second material patterns 157 may include a porous insulat-
ing material.

[0096] The forming the second material patterns 157 may
include forming a second material film on the first opening
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portions 153 so that the second opening portions 155' shown
in FIG. 6A are filled, and etching the second material film so
that the second material film is separated into the second
material patterns 157. The second material film may be
formed using at least one of a thermal oxidation method and
a deposition method. Some regions of the memory film 130
may be exposed between the second material patterns 157.
[0097] Referring to FIG. 6C, the first opening portions 153
shown in FIG. 6B may be filled with the gate electrodes
161B. Forming the gate electrodes 161B may be performed
as described above with reference to FIG. SF.

[0098] The gate electrodes 161B may extend to fill
between the second material patterns 157 adjacent to each
other in a direction in which the gate electrodes 161B and
the interlayer insulating films 101 are stacked.

[0099] FIGS. 7A and 7B are cross-sectional views illus-
trating a method of manufacturing a semiconductor device
according to an embodiment of the present disclosure. For
example, FIGS. 7A and 7B are cross-sectional views illus-
trating a method of manufacturing a semiconductor device
including the insulating structures shown in FIGS. 4A and
4B.

[0100] Before a process shown in FIG. 7A is performed,
the same processes as those described above with reference
to FIGS. 5A to 5C may be performed. Subsequently, the
same processes as those described above with reference to
FIG. 6A may be performed.

[0101] Referring to FIG. 7A, a second material film 159
may be deposited along surfaces of the interlayer insulating
layers 101 exposed through the first opening portions 153
and the slit 151 so that a void 160 may be formed in the
second opening portions 155'. The second material film 159
may be formed using a deposition method having a low step
coverage so that the void 160 is formed between the inter-
layer insulating layers 101 and the memory film 130. For
example, the second material film 159 may be formed using
a chemical vapor deposition method or a physical vapor
deposition method. The second material film 159 may be or
include an oxide film.

[0102] Referring to FIG. 7B, the second material film 159
shown in FIG. 7A may be etched so that second material
patterns 159A remain on the channel side-edges of the
interlayer insulating films 101 facing the channel structure
140. Subsequently, the first opening portions 153 shown in
FIG. 7A may be filled with gate electrodes 161C. Forming
the gate electrodes 161C may be performed the same as
described above with reference to FIG. 5F. The gate elec-
trodes 161C may be spaced apart from the void 160 by the
second material patterns 159A remaining on the channel
side-edges of the interlayer insulating films 101.

[0103] FIGS. 8A to 8E are perspective views schemati-
cally illustrating memory strings of semiconductor devices
according to embodiments of the present disclosure. For
ease of recognition, interlayer insulating films are not shown
in FIGS. 8A to 8E. A first direction I shown in FIGS. 8A to
8E is defined as the stack direction described above with
reference to FIGS. 2A to 2C, 3A, 3B, 4A, and 4B. A second
direction II and a third direction III shown in FIGS. 8A to 8E
are defined as directions intersecting with each other in a
plane perpendicular to the first direction I.

[0104] Referring to FIGS. 8A to 8E, each of the memory
strings CST may include gate electrodes CP1to CPn (n is a
natural number) disposed under bit lines BL and a channel
structure CH penetrating at least some of the gate electrodes
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CP1 to CPn. The gate electrodes CP1 to CPn may be
penetrated by a first slit SI1. The bit lines BL may extend in
the second direction II and may be spaced apart from each
other in the third direction III.

[0105] One end of the channel structure CH may be
connected to a corresponding bit line via a bit line contact
plug BCT. The gate electrodes CP1 to CPn may include at
least one of the gate electrodes GA, GB, and GC described
above with reference to FIGS. 1, 2A to 2C, 3A, 3B, 4A, and
4B.

[0106] The gate electrodes CP1 to CPn may be spaced
apart from each other along an extension direction of the
channel structure CH. For example, the gate electrodes CP1
to CPn may be disposed from the first to n-th layers that are
sequentially arranged in the first direction I and are spaced
apart from each other. The first layer is defined as a layer
disposed farthest from the bit lines BL among the gate
electrodes CP1 to CPn and the n-th layer is defined as a layer
disposed closest to the bit lines BL. among the gate elec-
trodes. Each of the gate electrodes CP1 to CPn may extend
in the third direction III.

[0107] Referring to FIGS. 8A to 8D, the n-th patterns CPn
disposed in at least the n-th layer among the gate electrodes
CP1 to CPn may be used as the drain select lines DSL.. The
present disclosure is not limited thereto. For example, not
only the n-th patterns CPn disposed in the n-th layer are used
as the drain select lines DSL but also the (n-1)-th patterns
CPn-1 disposed in the (n—1)-th layer may be used as other
drain select lines DSL.

[0108] The first pattern CP1 disposed in at least the first
layer among the gate electrodes CP1 to CPn may be used as
the source select line SSL.. The present disclosure is not
limited thereto. For example, the first pattern CP1 disposed
in the first layer and the second pattern CP2 disposed in the
second layer may be used as the source select line SSL.
[0109] The gate electrodes (for example, CP3 to CPn-2)
disposed between the drain select lines DSL and the source
select lines SSL. may be used as the word lines WL.
[0110] The drain select lines DSL disposed in the same
layer may be separated from each other by a second slit SI2
overlapped the word lines WL.

[0111] As another example, referring to FIG. 8E, the gate
electrodes CP1 to CPn may be separated into a source side
stack body CP_S and a drain side stack body CP_D by the
slit SI1.

[0112] The n-th patterns CPn disposed in at least the n-th
layer among the gate electrodes CP1 to CPn may be used as
the drain select line DSL and the source select line SSL. The
present disclosure is not limited thereto. For example, not
only the n-th patterns CPn disposed in the n-th layer are used
as the drain select line DSL and the source select line SSL,
but also the (n—1)-th patterns CPn-1 disposed in the (n-1)-th
layer may be used as another drain select line DSL and
another source select line SSL. The source select lines SSL
are included in the source side stack body CP_S and the
drain select lines DSL are included in the drain side stack
body CP_D.

[0113] The gate electrodes (for example, CP1 to CPn-2)
included in the drain side stack body CP_D and disposed
under the drain select lines DSL may be used as drain side
word lines WL._D. The gate electrodes (for example, CP1 to
CPn-2) included in the source side stack body CP_S and
disposed under the source select lines SSL. may be used as
source side word lines WLS.
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[0114] Referring to FIGS. 8A to 8E again, the source
select lines SSL may be used as gates of the source select
transistors. The word lines WL, the drain side word lines
WL_D, and the source side word lines WL_S may be used
as gates of the memory cells. The drain select lines DSL may
be used as gates of the drain select transistors.

[0115] Each of the memory strings CST may include at
least one source select transistor, memory cells connected in
series to the source select transistor, and at least one drain
select transistor connected in series to the memory cells. The
channel structure CH may be formed in various structures to
connect the memory cells in series.

[0116] FIGS. 9A to 9E are enlarged views illustrating
portions of the memory strings shown in FIGS. 8A to 8E.

[0117] FIG. 9A is an enlarged view of an A region shown
in FIG. 8A.

[0118] Referring to FIGS. 8A and 9A, the channel struc-
ture CH may penetrate the drain select lines DSL, the word
lines WL, and the source select lines SSL and may be in
direct contact with a source film SL disposed under the gate
electrodes CP1 to CPn.

[0119] The source film SL may be in contact with a bottom
surface of the channel structure CH. The source film SL may
be formed of a doped semiconductor film including a source
dopant. The source dopant may include an n-type impurity.
For example, the source film SL may include n-type doped
silicon.

[0120] The sidewall of the channel structure CH may be
surrounded by the memory film ML. The memory film ML
may extend along the sidewall of the channel structure CH
to open an upper surface and a bottom surface of the channel
structure CH.

[0121] Each of the gate electrodes CP1 to CPn may
include edges facing the memory film ML. Each of the edges
may be covered with a material film M2 of an insulating
structure. The material film M2 of the insulating structure
may be the second material pattern M2A of the insulating
structure 1A described above with reference to FIGS. 2A to
2C, may be the second material pattern M2B of the insu-
lating structure IB described above with reference to FIGS.
3A and 3B, or may be the second material pattern M2C of
the insulating structure IC described above with reference to
FIGS. 4A and 4B.

[0122] FIG. 9B is an enlarged view of a B region shown
in FIG. 8B.

[0123] Referring to FIGS. 8B and 9B, the channel struc-
ture CH may penetrate the drain select lines DSL, the word
lines WL, and the source select lines SSL, and may extend
into the source film SL disposed under the gate electrodes
CP1 to CPn.

[0124] The source film SL may include a first source film
SL1, a contact source film CTS, and a second source film
SL2. The channel structure CH may penetrate the second
source film SL.2 and the contact source film CTS and may
extend into the first source film SL1.

[0125] The first source film SI.1 may surround a lower end
of the channel structure CH. The first source film SL.1 may
be formed of a doped semiconductor film including a source
dopant. The source dopant may include an n-type impurity.
For example, the first source film SL.1 may include n-type
doped silicon.

[0126] The contact source film CTS may be disposed on
the first source film SL.1 and may be in contact with an upper
surface of the first source film SL1. The contact source film
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CTS may protrude more toward the channel structure CH
than the first source film SL1 and the second source film
SL2, and may be in direct contact with the sidewall of the
channel structure CH. The contact source film CTS sur-
rounds the channel structure CH.

[0127] The second source film SL2 may be disposed
between the contact source film CTS and the source select
lines SSL. The second source film SI.2 may be omitted in
some cases.

[0128] Each of the contact source film CTS and the second
source film SL.2 may be formed of a doped semiconductor
film including a source dopant. The source dopant may
include an n-type impurity. For example, each of the contact
source film CTS and the second source film SL2 may
include n-type doped silicon.

[0129] An upper end sidewall of the channel structure CH
protruding toward the bit line BL. may be surrounded by a
first memory film ML1. A second memory film ML.2 may be
disposed between the channel structure CH and the first
source film SL1. The first memory film ML1 and the second
memory film ML2 may be separated from each other by the
contact source film CTS.

[0130] A first material pattern M1 of an insulating struc-
ture may be disposed between the first source film SL1 and
the second memory film ML2, and between the second
source film S[.2 and the first memory film ML1. The gate
electrodes CP1 to CPn may include edges facing the first
memory film ML1. Each of the edges may be covered with
a second material pattern M2 of an insulating structure. The
first material pattern M1 may be the same material as the
first material pattern M1A of the insulating structure 1A
described above with reference to FIGS. 2A to 2C, may be
the same material as the first material pattern M1B of the
insulating structure IB described above with reference to
FIGS. 3A and 3B, or may be the same material as the first
material pattern M1C of the insulating structure IC
described above with reference to FIGS. 4A and 4B. The
second material pattern M2 may be the second material
pattern M2A of the insulating structure IA described above
with reference to FIGS. 2A to 2C, may be the second
material pattern M2B of the insulating structure IB
described above with reference to FIGS. 3A and 3B, or may
be the second material pattern M2C of the insulating struc-
ture IC described above with reference to FIGS. 4A and 4B.
[0131] Referring to FIG. 8C, the channel structure CH
may penetrate the drain select lines DSL and the word lines
WL. The channel structure CH may be connected to a lower
channel structure LPC penetrating the source select lines
SSL.

[0132] FIG. 9C is an enlarged view of a C region shown
in FIG. 8C. FIG. 10 is an enlarged view of a K region shown
in FIG. 8C.

[0133] Referring to FIGS. 8C, 9C, and 10, the lower
channel structure LPC is connected to a portion under the
corresponding channel structure CH. The lower channel
structure LPC may include a doped semiconductor film. For
example, the lower channel structure LPC may include
n-type doped silicon. The channel structure CH may be
surrounded by the memory film ML. The memory film ML
may extend along the sidewall of the channel structure CH
to open the upper surface and the bottom surface of the
channel structure CH. The sidewall of the lower channel
structure LPC may be surrounded by a gate insulating film
GI. The gate insulating film GI may extend along the
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sidewall of the lower channel structure LPC to open an
upper surface and a lower surface of the lower channel
structure LPC.

[0134] The source film SL may be in direct contact with
the bottom surface of the lower channel structure LPC. The
source film SL. may be formed of the same material as the
source film SL described with reference to FIG. 8A. The
channel structure CH may be connected to the source film
SL via the lower channel structure LPC.

[0135] Each of the drain select lines DSL and the word
lines WL which are penetrated by the channel structure CH
may include edges facing the memory film ML. Each of the
edges may be covered with the material film M2 of an
insulating structure. The material film M2 of the insulating
structure may be the second material pattern M2A of the
insulating structure IA described above with reference to
FIGS. 2A to 2C, may be the second material pattern M2B of
the insulating structure IB described above with reference to
FIGS. 3A and 3B, or may be the second material pattern
M2C of the insulating structure IC described above with
reference to FIGS. 4A and 4B.

[0136] FIG. 9D is an enlarged view of a D region shown
in FIG. 8D.

[0137] Referring to FIGS. 8D and 9D, the channel struc-
ture CH may include pillar portions PL penetrating the gate
electrodes CP1 to CPn and a horizontal portion HP extend-
ing in a horizontal direction from the pillar portions PL. The
horizontal portion HP of the channel structure CH may
extend in parallel to a lower surface of the first pattern CP1.
The horizontal portion HP may be disposed between a doped
region DA and the first pattern CP1. The horizontal portion
HP may be spaced apart from another horizontal portion by
a slit extension portion SIE connected to the first slit SI1.
[0138] The doped region DA may be formed of a doped
semiconductor film including a well dopant. The well dopant
may include a p-type impurity. For example, the doped
region DA may include p-type doped silicon.

[0139] Sidewalk of each of the pillar portions PL. may be
surrounded by the memory film ML. The memory film ML
may extend between the corresponding horizontal portion
HP and the first pattern CP1. The memory film ML may
extend between the corresponding horizontal portion HP and
the doped region DA.

[0140] The first material pattern M1 of an insulating
structure may be disposed between the doped region DA and
the horizontal portion HP. The gate electrodes CP1 to CPn
may include edges facing the pillar portions PL. Each of the
edges may be covered with the second material pattern M2
of an insulating structure. The first material pattern M1 may
be the same material as the first material pattern M1A of the
insulating structure 1A described above with reference to
FIGS. 2A to 2C, may be the same material as the first
material pattern M1B of the insulating structure IB
described above with reference to FIGS. 3A and 3B, or may
be the same material as the first material pattern M1C of the
insulating structure IC described above with reference to
FIGS. 4A and 4B. The second material pattern M2 may be
the second material pattern M2A of the insulating structure
IA described above with reference to FIGS. 2A to 2C, may
be the second material pattern M2B of the insulating struc-
ture IB described above with reference to FIGS. 3A and 3B,
or may be the second material pattern M2C of the insulating
structure IC described above with reference to FIGS. 4A and
4B.
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[0141] FIG. 9E is an enlarged view of a portion of the
drain side word lines WL_D shown in FIG. 8E and a
structure of a lower portion of the drain side word lines
WL_D.

[0142] Referring to FIGS. 8E and 9E, the channel struc-
ture CH may include a source side pillar, a drain side pillar
D_PL, and the horizontal portion HP. The drain side pillar
D_PL may be electrically connected to the bit line BL. The
drain side pillar D_PL penetrates the drain side stack body
CP_D and is connected to the horizontal portion HP. The
source side pillar S_PL may be electrically connected to the
common source line CSL disposed between the bit line BL
and the source side stack body CP_S. The source side pillar
S_PL penetrates the source side stack body CP_S and is
connected to the horizontal portion HP. The horizontal
portion HP may be buried in a pipe gate PG. The pipe gate
PG may be formed to be disposed under the source side
stack body CP_S and the drain side stack body CP_D and to
surround the horizontal portion HP. The pipe gate PG may
be used as a gate of a pipe transistor. The pipe transistor may
electrically connect the source side pillar S_PL and the drain
side pillar D_PL through the horizontal portion HP in
accordance with a signal transmitted to the pipe gate PG.
[0143] An outer wall of the channel structure CH may be
surrounded by the memory film ML. The memory film ML
may extend along the outer wall of the channel structure CH
to open an upper surface of the drain side pillar D_PL and
an upper surface of the source side pillar S_PL.

[0144] The first material pattern M1 of an insulating
structure may be disposed between the pipe gate PG and the
channel structure CH. The gate electrodes CP1 to CPn may
include edges facing the source side pillar S_PL and the
drain side pillar D_PL. Each of the edges may be covered
with the second material pattern M2 of an insulating struc-
ture. The first material pattern M1 may be the same material
as the first material pattern M1A of the insulating structure
IA described above with reference to FIGS. 2A to 2C, may
be the same material as the first material pattern M1B of the
insulating structure IB described above with reference to
FIGS. 3A and 3B, or may be the same material as the first
material pattern M1C of the insulating structure IC
described above with reference to FIGS. 4A and 4B. The
second material pattern M2 may be the second material
pattern M2A of the insulating structure IA described above
with reference to FIGS. 2A to 2C, may be the second
material pattern M2B of the insulating structure IB
described above with reference to FIGS. 3A and 3B, or may
be the second material pattern M2C of the insulating struc-
ture IC described above with reference to FIGS. 4A and 4B.
[0145] Operation reliability of the memory cell strings
may be improved by applying the insulating structure 1A
described above with reference to FIGS. 2A to 2C, the
insulating structure IB described above with reference to
FIGS. 3A and 3B, and the insulating structure IC described
above with reference to FIGS. 4A and 4B to the memory
strings of the various structures described above with ref-
erence to FIGS. 8A to 8E.

[0146] FIG. 11 is a block diagram illustrating a configu-
ration of a memory system according to an embodiment of
the present disclosure.

[0147] Referring to FIG. 11, the memory system 1100
according to an embodiment of the present disclosure
includes a memory device 1120 and a memory controller
1110.
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[0148] The memory device 1120 may be a multi-chip
package configured of a plurality of flash memory chips. The
memory device 1120 may include any one of the insulating
structure 1A described above with reference to FIGS. 2A to
2C, the insulating structure IB described above with refer-
ence to FIGS. 3A and 3B, and the insulating structure IC
described above with reference to FIGS. 4A and 4B.
[0149] The memory controller 1110 is configured to con-
trol the memory device 1120 and may include a static
random-access memory (SRAM) 1111, a CPU 1112, a host
interface 1113, an error correction circuit (ECC) 1114, and a
memory interface 1115. The SRAM 1111 may be used as an
operation memory of the CPU 1112. The CPU 1112 may
perform all control operations for data exchange of the
memory controller 1110. The host interface 1113 may
include a data exchange protocol of a host connected to the
memory system 1100. The error correction circuit 1114 may
detect and correct an error included in data read from the
memory device 1120. The memory interface 1115 may
perform interfacing with the memory device 1120. The
memory controller 1110 may include a read only memory
(ROM) that stores code data for interfacing with the host.
[0150] The memory system 1100 described above may be
a memory card or a solid-state drive (SSD) with which the
memory device 1120 and the memory controller 1110 are
combined. For example, when the memory system 1100 is
an SSD, the memory controller 1110 may communicate with
an external device (for example, a host) through at least one
of various interface protocols such as a universal serial bus
(USB), a multimedia card (MMC), a peripheral component
interconnection-express (PCI-E), a serial advanced technol-
ogy attachment (SATA), a parallel advanced technology
attachment (PATA), a small computer small interface
(SCSI), an enhanced small disk interface (ESDI), and inte-
grated drive electronics (IDE).

[0151] FIG. 12 is a block diagram illustrating a configu-
ration of a computing system according to an embodiment of
the present disclosure.

[0152] Referring to FIG. 12, the computing system 1200
according to an embodiment of the present disclosure may
include a CPU 1220, a random-access memory (RAM)
1230, a user interface 1240, a modern 1250, and a memory
system 1210, which are electrically connected to a system
bus 1260. The computing system 1200 may be a mobile
device and may also include a battery for supplying an
operation voltage to the computing system 1200, an appli-
cation chipset, a camera image processor (CIS), a mobile
DRAM, and the like.

[0153] According to an embodiment of the present inven-
tion a fringing capacitance and a fringing field between the
gate electrode and the channel structure may be reduced by
using an insulating structure disposed between the interlayer
insulating film and the channel structure.

[0154] According to an embodiment of the present inven-
tion a concentration of holes accumulated in a region
between memory cells during an erase operation may be
reduced by reducing the fringing capacitance between the
gate electrode and the channel structure. Therefore, the
embodiments of the present technology may improve the
reliability of the semiconductor device by improving elec-
tron diffusion.

[0155] Various embodiments of the present may improve
aphenomenon in which an electric field is concentrated at an
edge of the gate electrode by reducing the fringing field
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between the gate electrode and the channel structure. There-
fore, damage of the memory film due to the electric field
concentrated on the edge of the gate electrode may be
reduced. Thus, the embodiments of the present technology
may improve the reliability of the semiconductor device.

[0156] Although various embodiments have been
described for illustrative purposes, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
scope of the invention as defined in the following claims.

What is claimed is:

1. A semiconductor device comprising:

a channel structure;

insulating structures surrounding the channel structure
and stacked to be spaced apart from each other;

interlayer insulating films surrounding the insulating
structures, respectively; and

a gate electrode extending from between the interlayer
insulating films to between the insulating structures and
surrounding the channel structure,

wherein the insulating structures include protrusion por-
tions extending to cover edges of the interlayer insu-
lating films facing the channel structure, and

wherein the gate electrode extends between the protrusion
portions which are adjacent to each other.

2. The semiconductor device of claim 1, wherein the
insulating structures include sidewalls facing the interlayer
insulating films, and

wherein the interlayer insulating films are respectively
inserted into grooves defined by the sidewalls and the
protrusion portions of the insulating structures.

3. The semiconductor device of claim 1, wherein the

insulating structures comprise:

a first material pattern disposed between each of the
interlayer insulating films and the channel structure;
and

a second material pattern covering each of the edges of the
interlayer insulating films and configured of oxide of
the first material pattern.

4. The semiconductor device of claim 3, wherein the first
material pattern includes at least one of a silicon oxynitride
film (SiON), a silicon nitride film (SiN), and silicon (Si).

5. The semiconductor device of claim 1, wherein the gate
electrode includes recessed portions in a shape correspond-
ing to the protrusion portions.

6. The semiconductor device of claim 1, wherein the
insulating structures comprise:

a first material pattern disposed between each of the

interlayer insulating films and the channel structure;

a second material pattern covering each of the edges of the
interlayer insulating films; and

a void disposed between the first material pattern and the
second material pattern.

7. The semiconductor device of claim 1, further compris-

ing:

a memory film extending between the insulating struc-
tures and the channel structure and between the gate
electrode and the channel structure to surround a side-
wall of the channel structure,

wherein the memory film includes a tunnel insulating
film, a data storage film, and a blocking insulating film
which are stacked on the sidewall of the channel
structure.
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8. A semiconductor device comprising:

a channel structure;

a memory film including a tunnel insulating film sur-
rounding a sidewall of the channel structure, a data
storage film surrounding a sidewall of the tunnel insu-
lating film, and a blocking insulating film surrounding
a sidewall of the data storage film;

first material patterns surrounding the memory film and
stacked to be spaced apart from each other;

interlayer insulating films surrounding the first material
patterns, respectively;

a gate electrode extending from between the interlayer
insulating films which are adjacent to each other to
between the first material patterns which are adjacent to
each other; and

second material patterns disposed between the first mate-
rial patterns and the gate electrode.

9. The semiconductor device of claim 8, wherein the first
material pattern includes at least one of a silicon oxynitride
film (SiON), a silicon nitride film (SiN), and silicon (Si).

10. The semiconductor device of claim 8, wherein the
second material patterns are configured of oxide of the first
material patterns.

11. The semiconductor device of claim 8, wherein the
second material patterns include protrusion portions extend-
ing between the gate electrode and the interlayer insulating
films to cover edges of the interlayer insulating films facing
the channel structure.

12. The semiconductor device of claim 11, wherein the
protrusion portions extend from an upper portion of the
memory film to between the interlayer insulating films and
the gate electrode.

13. The semiconductor device of claim 11, wherein the
gate electrode includes recessed portions in a shape corre-
sponding to the protrusion portions.

14. The semiconductor device of claim 8, wherein the
second material patterns include a porous insulating mate-
rial.

15. The semiconductor device of claim 14, wherein the
porous insulating material extends between each of the
interlayer insulating films and the memory film.

16. The semiconductor device of claim 8, further com-
prising:

a void formed between the first and second material

patterns which are adjacent to each other.

17. The semiconductor device of claim 16, wherein the
void is disposed between each of the interlayer insulating
films and the memory film to be spaced apart from the gate
electrode by the second material patterns which are in
contact with the interlayer insulating films.

18. A semiconductor device comprising:

a stack of a first and second gate electrodes separated with
an interlayer insulating film disposed between the first
and second gate electrodes;

a channel structure penetrating through the stack; and

an insulating structure disposed between the interlayer
insulating film and the channel structure, the insulating
structure including a vertical part and first and second
protrusion portions at a first and second ends of the
vertical part;

wherein the first and second protrusion portions separate
respective recessed portions of the first and second gate
electrodes from the channel structure.

E I T I

Micron Ex. 1027, p. 33
Micron v. YMTC
IPR2024-00793





