NONVOLATILE MEMORY DEVICE AND MEMORY SYSTEM INCLUDING THE
SAME

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application is based on and claims priority to Korean Patent Application
No. 10-2022-0186038, filed on 27 December 2022, in the Korean Intellectual Property Office,
the disclosure of which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The inventive concepts relate to nonvolatile memory devices and memory systems
including the same. Additionally, the inventive concepts relate to three-dimensional

nonvolatile memory devices and memory systems including the same.

BACKGROUND

[0003] Consumers demand nonvolatile memory devices having high performance, a small
size, and a cheap price. Therefore, to achieve a highly integrated nonvolatile memory device,
a three-dimensional nonvolatile memory device in which a plurality of memory cells are

disposed in a vertical direction is proposed.

SUMMARY

[0004] The inventive concepts provide nonvolatile memory devices having operation
reliability and memory systems including the same.

[0005] According to some aspects of the inventive concepts, there is provided a nonvolatile
memory device including a peripheral circuit structure including a peripheral circuit and a
first insulating structure covering the peripheral circuit and a cell array structure bonded to
the peripheral circuit structure and including a cell region and a connection region, wherein
the cell array structure includes a common source line layer, a buffer insulating layer on the
common source line layer, a plurality of contact stop layers separated from the common
source line layer and buried in the buffer insulating layer, a cell stack which includes a

plurality of gate electrodes and a plurality of insulating layers alternately stacked on the
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buffer insulating layer, and in which the plurality of gate electrodes have a staircase shape in
the connection region, a plurality of cell channel structures extending to the common source
line layer by passing through the cell stack and the buffer insulating layer in the cell region, a
plurality of contact structures respectively in contact with the plurality of contact stop layers
by passing through the cell stack in the connection region, and each connected to one or more
of the plurality of gate electrodes, and a second insulating structure in contact with the first
insulating structure while covering the cell stack.

[0006] According to some aspects of the inventive concepts, there is provided a nonvolatile
memory device including a peripheral circuit structure including a substrate, a peripheral
circuit on the substrate, a first interconnect structure electrically connected to the peripheral
circuit, a plurality of first bonding pads electrically connected to the first interconnect
structure, and a first insulating structure surrounding the peripheral circuit, the first
interconnect structure, and the plurality of first bonding pads on the substrate, and a second
structure including a common source line layer, a buffer insulating layer on the common
source line layer, a base insulating layer on the buffer insulating layer, a cell stack which
includes a plurality of gate electrodes and a plurality of insulating layers alternately stacked
on the buffer insulating layer, and in which the plurality of gate electrodes have a staircase
shape in a connection region, a plurality of cell channel structures extending to the common
source line layer by passing through the cell stack, the base insulating layer, and the buffer
insulating layer in a cell region, a plurality of contact structures passing through the cell stack
and the base insulating layer in the connection region, and each connected to one or more of
the plurality of gate electrodes and including a contact stop portion separated from the
common source line layer and buried in the buffer insulating layer, a second interconnect
structure electrically connected to the plurality of cell channel structures and the plurality of
contact structures, a plurality of second bonding pads electrically connected to the second
interconnect structure, and a second insulating structure surrounding the cell stack, the second
interconnect structure, and the plurality of second bonding pads on the common source line
layer, wherein the second insulating structure is in contact with the first insulating structure,
the plurality of second bonding pads are bonded to the peripheral circuit structure to
correspond to the plurality of first bonding pads, and the cell region and the connection
region are included.

[0007] According to some aspects of the inventive concepts, there is provided a memory
system including a nonvolatile memory device including a peripheral circuit structure

including a peripheral circuit and a first insulating structure covering the peripheral circuit
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and a cell array structure bonded to the peripheral circuit structure and including a cell region
and a connection region, and a memory controller electrically connected to the nonvolatile
memory device and configured to control the nonvolatile memory device, wherein the cell
array structure includes a common source line layer, a buffer insulating layer on the common
source line layer, a plurality of contact stop layers separated from the common source line
layer and buried in the buffer insulating layer, a cell stack which includes a plurality of gate
electrodes and a plurality of insulating layers alternately stacked on the buffer insulating layer,
and in which the plurality of gate electrodes have a staircase shape in the connection region, a
plurality of cell channel structures extending to the common source line layer by passing
through the cell stack and the buffer insulating layer in the cell region, a plurality of contact
structures respectively in contact with the plurality of contact stop layers by passing through
the cell stack in the connection region, and each connected to one or more of the plurality of
gate electrodes, and a second insulating structure in contact with the first insulating structure

while covering the cell stack.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Example embodiments of the inventive concepts will be more clearly understood
from the following detailed description taken in conjunction with the accompanying drawings
in which:

[0009] FIG. 1 is a block diagram of a nonvolatile memory device according to some example
embodiments;

[0010] FIG. 2 is a schematic perspective view of a nonvolatile memory device according to
some example embodiments;

[0011] FIG. 3 is an equivalent circuit diagram of a memory cell array in a nonvolatile
memory device, according to some example embodiments;

[0012] FIG. 4 is a schematic layout of a cell array structure CS included in a nonvolatile
memory device according to some example embodiments;

[0013] FIGS. 5A and 5B are cross-sectional views of a nonvolatile memory device according
to some example embodiments;

[0014] FIGS. 6A, 6B, 6C, 6D, 6E, 6F, 6G, 6H, 61, 6J, 6K, 6L, 6M, 6N, 60, 6P and 6Q are
cross-sectional views illustrating a method of manufacturing a nonvolatile memory device,

according to some example embodiments;



[0015] FIGS. 7A and 7B are cross-sectional views of a nonvolatile memory device according
to some example embodiments;

[0016] FIGS. 8A and 8B are cross-sectional views of a nonvolatile memory device according
to some example embodiments;

[0017] FIG. 9 is a cross-sectional view of a nonvolatile memory device having a cell-to-cell
(C2C) structure, according to some example embodiments;

[0018] FIG. 10 is a cross-sectional view of a nonvolatile memory device having a C2C
structure, according to some example embodiments;

[0019] FIG. 11 is a block diagram schematically illustrating a memory system including a
nonvolatile memory device, according to some example embodiments;

[0020] FIG. 12 is a perspective view schematically illustrating a memory system including a
nonvolatile memory device, according to some example embodiments; and

[0021] FIG. 13 is a cross-sectional view schematically illustrating a semiconductor package

according to some example embodiments.

DETAILED DESCRIPTION

[0022] FIG. 1 is a block diagram of a nonvolatile memory device 10 according to some
example embodiments.

[0023] Referring to FIG. 1, the nonvolatile memory device 10 may include a memory cell
array 20 and a peripheral circuit 30. The memory cell array 20 may include a plurality of
memory cell blocks BLK1, BLK?2, ..., and BLKn. Each of the plurality of memory cell
blocks BLK1, BLK2, ..., and BLKn may include a plurality of memory cells. The plurality of
memory cell blocks BLK1, BLK2, ..., and BLKn may be connected to the peripheral circuit
30 through bit lines BL, word lines WL, string select lines SSL, and ground select lines GSL.
[0024] The peripheral circuit 30 may include a row decoder 32, a page buffer 34, a data
input-output (1/0) circuit 36, and a control logic 38. In some example embodiments, the
peripheral circuit 30 may further include an input-output interface, a column logic, a voltage
generator, a pre-decoder, a temperature sensor, a command decoder, an address decoder, an
amplification circuit, and/or the like.

[0025] The memory cell array 20 may be connected to the page buffer 34 through the bit
lines BL and connected to the row decoder 32 through the word lines WL, the string select
lines SSL, and the ground select lines GSL. In the memory cell array 20, each of the plurality

of memory cells included in each of the plurality of memory cell blocks BLK1, BLK2, ...,
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and BLKn may be a flash memory cell. The memory cell array 20 may include a three-
dimensional memory cell array. The three-dimensional memory cell array may include a
plurality of NAND strings extending in a vertical direction, and each of the plurality of
NAND strings may include a plurality of memory cells connected to a plurality of word lines
WL vertically stacked on a substrate.

[0026] The peripheral circuit 30 may receive an address ADDR, a command CMD, and a
control signal CTRL from the outside of the nonvolatile memory device 10 and transmit and
receive data DATA to and from a device outside the nonvolatile memory device 10.

[0027] The row decoder 32 may select at least one of the plurality of memory cell blocks
BLK1, BLK2, ..., and BLKn in response to the address ADDR from the outside and select a
word line WL, a string select line SSL, and a ground select line GSL of the selected memory
cell block. The row decoder 32 may provide, to the word line WL of the selected memory
cell block, a voltage for performing a memory operation.

[0028] The page buffer 34 may be connected to the memory cell array 20 through the bit
lines BL. The page buffer 34 may operate as a write driver during a program operation to
apply, to the bit lines BL, a voltage according to the data DATA to be stored in the memory
cell array 20, and may operate as a sensing amplifier during a read operation to sense the data
DATA stored in the memory cell array 20. The page buffer 34 may operate in response to a
control signal PCTL provided from the control logic 38.

[0029] The data input-output circuit 36 may be connected to the page buffer 34 through data
lines DLs. During a program operation, the data input-output circuit 36 may receive the data
DATA from a memory controller (not shown) and provide the data DATA to the page buffer
34 as program data based on a column address C_ADDR provided from the control logic 38.
During a read operation, the data input-output circuit 36 may provide the data DATA stored
in the page buffer 34 to the memory controller as read data based on the column address
C_ADDR provided from the control logic 38.

[0030] The data input-output circuit 36 may provide an input address or instruction to the
control logic 38 or the row decoder 32. The peripheral circuit 30 may further include an
electrostatic discharge (ESD) circuit and a pull-up/pull-down driver.

[0031] The control logic 38 may receive the command CMD and the control signal CTRL
from the memory controller. The control logic 38 may provide a row address R_ADDR to the
row decoder 32 and provide the column address C_ADDR to the data input-output circuit 36.
The control logic 38 may generate various kinds of internal control signals to be used inside

the nonvolatile memory device 10, in response to the control signal CTRL. For example, the
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control logic 38 may adjust voltage levels to be provided to the word lines WL and the bit
lines BL during a memory operation, such as a program operation or an erase operation.
[0032] FIG. 2 is a schematic perspective view of the nonvolatile memory device 10a
according to some example embodiments.

[0033] Referring to FIG. 2, the nonvolatile memory device 10a may include a cell array
structure CS and a peripheral circuit structure PS overlapping each other in a vertical
direction (a Z direction). The cell array structure CS may include the memory cell array 20
described with reference to FIG. 1. The peripheral circuit structure PS may include the
peripheral circuit 30 described with reference to FIG. 1.

[0034] The cell array structure CS may include the plurality of memory cell blocks BLK1,
BLK2, ..., and BLKn. Each of the plurality of memory cell blocks BLK1, BLK?2, ..., and
BLKn may include three-dimensionally arranged memory cells.

[0035] FIG. 3 is an equivalent circuit diagram of a memory cell array MCA in a nonvolatile
memory device, according to some example embodiments.

[0036] Referring to FIG. 3, the memory cell array MCA may include a plurality of memory
cell strings MS. Each of the plurality of memory cell strings MS may extend in the vertical
direction (the Z direction). The memory cell array MCA may include a plurality of word lines
WL (WL1, WL2, ..., WLn-1, and WLn), a plurality of bit lines BL (BL1, BL2, ..., and BLm),
at least one string select line SSL, at least one ground select line GSL, and a common source
line CSL. Each of the plurality of word lines WL (WL1, WL2, ..., WLn-1, and WLn) may
extend in a first horizontal direction (an X direction), and each of the plurality of bit lines BL
(BL1, BL2, ..., and BLm) may extend in a second horizontal direction (a Y direction) that is
perpendicular to the first horizontal direction (an X direction). Each of the at least one string
select line SSL and the at least one ground select line GSL may extend in the same direction
as the plurality of word lines WL (WL1, WL2, ..., WLn-1, and WLn), for example, in the first
horizontal direction (the X direction). The plurality of memory cell strings MS may be
formed between the plurality of bit lines BL (BL1, BL2, ..., and BLm) and the common
source line CSL. Although FIG. 3 shows that each of the plurality of memory cell strings MS
includes two string select lines SSL, the technical ideas of the inventive concepts are not
limited thereto. For example, each of the plurality of memory cell strings MS may include
one string select line SSL.

[0037] Each of the plurality of memory cell strings MS may include a string select transistor
SST, a ground select transistor GST, and a plurality of memory cell transistors MC1, MC2,

..., MCn-1, and MCn. A drain region of the string select transistor SST may be connected to
6



a bit line BL (BL1, BL2, ..., or BLm), and a source region of the ground select transistor GST
may be connected to the common source line CSL. The common source line CSL may be a
region to which source regions of a plurality of ground select transistors GST are commonly
connected.

[0038] The string select transistor SST may be connected to a string select line SSL, and the
ground select transistor GST may be connected to a ground select line GSL. The plurality of
memory cell transistors MC1, MC2, ..., MCn-1, and MCn may be connected to the plurality
of word lines WL (WL1, WL2, ..., WLn-1, and WLn), respectively.

[0039] FIG. 4 is a schematic layout of a cell array structure CS included in a nonvolatile
memory device, according to some example embodiments.

[0040] Referring to FIG. 4, the cell array structure CS may include a plurality of memory cell
blocks BLK1, BLK2, BLK3, and BLK4. The plurality of memory cell blocks BLK1, BLK2,
BLK3, and BLK4 may be arranged in rows and columns in the first horizontal direction (the
X direction) and the second horizontal direction (the Y direction). The first horizontal
direction (the X direction) may be an extending direction of each of the plurality of word
lines WL (WL1, WL2, ..., WLn-1, and WLn) shown in FIG. 3, and the second horizontal
direction (the Y direction) may be an extending direction of each of the plurality of bit lines
BL (BL1, BL2, ..., and BLm) shown in FIG. 3. Each of the plurality of memory cell blocks
BLK1, BLK2, BLK3, and BLK4 may include a plurality of memory cells.

[0041] Each of the plurality of memory cell blocks BLK1, BLK2, BLK3, and BLK4 may
include a cell region CELL and a connection region EXT. In some example embodiments,
each of the plurality of memory cell blocks BLK1, BLK2, BLK3, and BLK4 may include one
cell region CELL and a pair of connection regions EXT at both sides of the one cell region
CELL. The pair of connection regions EXT may extend in the second horizontal direction
(the Y direction) at both sides of the one cell region CELL in the first horizontal direction
(the X direction). In some example embodiments, each of the plurality of memory cell blocks
BLK1, BLK2, BLK3, and BLK4 may include one cell region CELL and one connection
region EXT at one side of the one cell region CELL. In some example embodiments, each of
the plurality of memory cell blocks BLK1, BLK2, BLK3, and BLK4 may include one cell
region CELL and two pairs of connection regions EXT at both sides of the one cell region
CELL in the first horizontal direction (the X direction) and both sides of the one cell region
CELL in the second horizontal direction (the Y direction).

[0042] In some example embodiments, each of the plurality of memory cell blocks BLK1,

BLK2, BLK3, and BLK4 may further include a cell peripheral circuit region PERI. The cell
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peripheral circuit region PERI may be at one side or both sides of the cell region CELL in the
second horizontal direction (the Y direction). For example, in the cell peripheral circuit
region PERI, components configured to connect the peripheral circuit structure PS described
with reference to FIG. 2 to the cell region CELL and/or the connection region EXT may be
arranged. As another example, the cell peripheral circuit region PERI may include at least a
portion of the peripheral circuit 30 described with reference to FIG. 1.

[0043] FIGS. 5A and 5B are cross-sectional views of a nonvolatile memory device 100
according to some example embodiments. Particularly, FIG. 5B shows magnified views of
portions E1, E2, E3, and E4 of FIG. 5A.

[0044] Referring to FIGS. 5A and 5B, the nonvolatile memory device 100 may include a
peripheral circuit structure PS and a cell array structure CS bonded to each other in the
vertical direction (the Z direction). The peripheral circuit structure PS and the cell array
structure CS may be called a first structure and a second structure, respectively. The
peripheral circuit structure PS may include the peripheral circuit 30 described with reference
to FIG. 1, and the cell array structure CS may include the memory cell array 20 described
with reference to FIG. 1. The cell array structure CS may include three-dimensionally
arranged memory cells. The cell array structure CS may include a cell region CELL and a
connection region EXT.

[0045] The cell array structure CS may further include the cell peripheral circuit region PERI
shown in FIG. 4. In the cell peripheral circuit region PERI, components configured to
connect the peripheral circuit structure PS to the cell region CELL and/or the connection
region EXT, such as a common source line contact plug electrically connecting a common
source line layer 210 to the peripheral circuit structure PS and an input-output contact plug
electrically connecting an input-output pad to the peripheral circuit structure PS, may be
arranged.

[0046] The peripheral circuit structure PS may include a substrate 110, a peripheral circuit
120 on the substrate 110, a first interconnect structure 130 electrically connected to the
peripheral circuit 120, a first bonding pad 150 electrically connected to the first interconnect
structure 130, and a first insulating structure 140 on the substrate 110 and the peripheral
circuit 120.

[0047] The substrate 110 may include a semiconductor material, for example, a Group IV
semiconductor material, a Group 111-V semiconductor material, a Group 11-VI semiconductor
material, or a Group II-VI oxide semiconductor material. The Group IV semiconductor

material may include, for example, silicon (Si), germanium (Ge), and/or SiGe. The Group IlI-
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V semiconductor material may include, for example, gallium arsenide (GaAs), indium
phosphide (InP), gallium phosphide (GaP), indium arsenide (InAs), indium antimony (InSb),
and/or indium gallium arsenide (InGaAs). The Group II-VI semiconductor material may
include, for example, zinc telluride (ZnTe) and/or cadmium sulfide (CdS). The substrate 110
may be a bulk wafer or an epitaxial layer. The substrate 110 may be provided as a bulk wafer
or an epitaxial layer. In some example embodiments, the substrate 110 may include a silicon-
on-insulator (SOI) substrate or a germanium-on-insulator (GeOl) substrate. The substrate 110
may have an active region AC defined by a device isolation layer 112, and a plurality of
peripheral circuits 120 may be formed on the active region AC. Each of the plurality of
peripheral circuits 120 may include a peripheral circuit gate 122 and a source/drain region
124 in a portion of the substrate 110 at both sides of the peripheral circuit gate 122.

[0048] The first interconnect structure 130 may include a plurality of peripheral circuit
wiring layers 132 and a plurality of peripheral circuit contacts 134. The first interconnect
structure 130 may include a conductive material, such as copper (Cu), aluminum (Al),
tungsten (W), silver (Ag), gold (Au), or a combination thereof. The first bonding pad 150
may be on the first interconnect structure 130 and electrically connected to the peripheral
circuit 120 and/or the substrate 110 via the first interconnect structure 130. The first
insulating structure 140 may surround the peripheral circuit 120, the first interconnect
structure 130, and the first bonding pad 150 on the substrate 110.

[0049] The first bonding pad 150 may have an upper surface coplanar with an upper surface
of the first insulating structure 140.

[0050] In some example embodiments, the first insulating structure 140 may include an
insulating material, such as silicon oxide, silicon nitride, a low-k material, or a combination
thereof. The low-k material is a material having a lower dielectric constant than silicon oxide
and may include, for example, phosphosilicate glass (PSG), borophosphosilicate glass
(BPSG), fluorosilicate glass (FSG), organosilicate glass (OSG), spin-on-glass (SOG), spin-
on-polymer, or a combination thereof. In some example embodiments, the first insulating
structure 140 may include an ultra low k (ULK) layer having an ultra low dielectric constant
K of about or exactly 2.2 to about or exactly 2.4. The ULK layer may include silicon
oxycarbide (SiOC) and/or silicon carbon hydroxide (SICOH). The first bonding pad 150 may
include a conductive material, such as Cu, Au, Ag, Al, W, titanium (Ti), tantalum (Ta), or a
combination thereof.

[0051] The cell array structure CS may include the common source line layer 210, a cell

stack 220 beneath the common source line layer 210, a second interconnect structure 240
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electrically connected to the cell stack 220, a second bonding pad 260 electrically connected
to the second interconnect structure 240, and a second insulating structure 250 surrounding
the second interconnect structure 240 and the second bonding pad 260 while covering the cell
stack 220 under the cell stack 220. The second bonding pad 260 may have a lower surface
coplanar with a lower surface of the second insulating structure 250.

[0052] Although FIG. 5A shows that the second interconnect structure 240 includes a
plurality of contacts, this is only illustrative, and the second interconnect structure 240 is not
limited thereto. For example, like the first interconnect structure 130 including the plurality
of peripheral circuit wiring layers 132 and the plurality of peripheral circuit contacts 134, the
second interconnect structure 240 may include a plurality of wiring layers and a plurality of
contacts. The second interconnect structure 240 and the second insulating structure 250 may
include the same or similar materials as or to those of the first interconnect structure 130 and
the first insulating structure 140, respectively.

[0053] By making the second insulating structure 250 be in contact with the first insulating
structure 140 and making the second bonding pad 260 be in contact with the first bonding pad
150 corresponding thereto, the cell array structure CS may be bonded to the peripheral circuit
structure PS. For example, the peripheral circuit structure PS and the cell array structure CS
may be bonded to each other by metal-oxide hybrid bonding, and accordingly, the second
interconnect structure 240 included in the cell array structure CS may be electrically
connected to the peripheral circuit 120 included in the peripheral circuit structure PS.

[0054] The cell stack 220 may include a plurality of gate electrodes 222 and a plurality of
insulating layers 224 alternately disposed on the common source line layer 210. The plurality
of gate electrodes 222 may include W, Cu, Ag, Au, Al, or a combination thereof or include a
conductive material which is not limited thereto. The plurality of insulating layers 224 may
include an insulating material, such as silicon oxide, a low-k material, or a combination
thereof. A buffer insulating layer 214 and a base insulating layer 212 may be between the
common source line layer 210 and the cell stack 220. For example, the buffer insulating layer
214 may be between the common source line layer 210 and the base insulating layer 212, and
the base insulating layer 212 may be between the buffer insulating layer 214 and the top
insulating layer 224 in the cell stack 220.

[0055] The buffer insulating layer 214 may have a first thickness T1, the base insulating
layer 212 may have a second thickness T2, a gate electrode 222 may have a third thickness
T3, and an insulating layer 224 may have a fourth thickness T4. The first thickness T1 may

be greater than or equal to the second thickness T2. For example, the first thickness T1 may
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be about or exactly 75 nm to about or exactly 120 nm, and the second thickness T2 may be
about or exactly 75 nm to about or exactly 100 nm. The third thickness T3 and the fourth
thickness T4 may be less than the first thickness T1 and the second thickness T2, respectively.
The third thickness T3 may be greater than or equal to the fourth thickness T4. For example,
the third thickness T3 may be about or exactly 10 nm to about or exactly 20 nm, and the
fourth thickness T4 may be about or exactly 10 nm to about or exactly 15 nm. The third
thickness T3 and the fourth thickness T4 may be less than a first height H1 (see FIG. 6C) and
a first depth R1 (see FIG. 6B), respectively.

[0056] In the cell region CELL, a plurality of cell channel structures 230 extending in the
vertical direction by passing through the cell stack 220 including the plurality of gate
electrodes 222 and the plurality of insulating layers 224 may be arranged. Along each of the
plurality of cell channel structures 230, a memory cell string MS (see FIG. 3) including a
plurality of memory cells may be formed.

[0057] The common source line layer 210 may function as a source region configured to
supply a current to memory cells formed in the cell array structure CS. The common source
line layer 210 may correspond to the common source line CSL shown in FIG. 3. The
common source line layer 210 may include a semiconductor material, for example, a Group
IV semiconductor material, a Group IlI-V semiconductor material, or a Group II-VI
semiconductor material. For example, the common source line layer 210 may include at least
one of Si, Ge, SiGe, GaAs, indium gallium arsenide (InGaAs), aluminum gallium arsenide
(AlGaAs), and a mixture thereof. In addition, the common source line layer 210 may include
a semiconductor doped with n-type impurities. In addition, the common source line layer 210
may have a crystal structure including at least one selected from among a monocrystalline
structure, an amorphous structure, and a polycrystalline structure. In some example
embodiments, the common source line layer 210 may include a semiconductor material
without containing carbon. For example, the common source line layer 210 may include
polysilicon. In some example embodiments, the common source line layer 210 may include
polysilicon without containing carbon. In some example embodiments, the common source
line layer 210 may include polysilicon doped with n-type impurities. The common source line
layer 210 may be arranged such that a cell channel structure 230 is in contact with the
common source line layer 210 by passing through the plurality of gate electrodes 222 and the
plurality of insulating layers 224. Although FIG. 5A shows that the common source line layer
210 is integratedly formed over the cell region CELL and the connection region EXT, this is

only illustrative for convenience of drawing, and the common source line layer 210 is not
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limited thereto. For example, respective portions of the common source line layer 210 in the
cell region CELL and the connection region EXT may be separated from each other. As
another example, a plurality of common source line layers 210 in the cell region CELL may
be separated from each other.

[0058] In some example embodiments, the plurality of gate electrodes 222 may correspond to
the at least one ground select line GSL, the plurality of word lines WL (WL1, WL2, ...,
WLn-1, and WLn), and the at least one string select line SSL included in the memory cell
string MS shown in FIG. 3. For example, a gate electrode 222 closest to the common source
line layer 210 may function as a ground select line GSL, two gate electrodes 222 farthest
from the common source line layer 210 may function as string select lines SSL, and the other
gate electrodes 222 may function as the plurality of word lines WL. Accordingly, a memory
cell string MS in which a ground select transistor GST, two string select transistors SST, and
memory cell transistors MC1, MC2, ..., MCn-1, and MCn therebetween are connected in
series may be provided.

[0059] In some example embodiments, at least one gate electrode 222 may function as a
dummy word line. For example, at least one gate electrode 222 functioning as an additional
dummy word line may be between the gate electrode 222 functioning as the ground select
line GSL and the common source line layer 210, at least one gate electrode 222 functioning
as an additional dummy word line may be between the gate electrode 222 functioning as the
ground select line GSL and a gate electrode 222 functioning as a word line WL, or at least
one gate electrode 222 functioning as an additional dummy word line may be between a gate
electrode 222 functioning as a word line WL and a gate electrode 222 functioning as a string
select line SSL.

[0060] In the cell region CELL, the plurality of cell channel structures 230 may extend in the
vertical direction (the Z direction) to the common source line layer 210 by passing through
the plurality of gate electrodes 222 and the plurality of insulating layers 224. The plurality of
cell channel structures 230 may be connected to the common source line layer 210 by passing
through the cell stack 220 including the plurality of gate electrodes 222 and the plurality of
insulating layers 224, the base insulating layer 212, and the buffer insulating layer 214. In
some example embodiments, the plurality of cell channel structures 230 may extend to the
inside of the common source line layer 210 by passing through the cell stack 220 including
the plurality of gate electrodes 222 and the plurality of insulating layers 224, the base
insulating layer 212, and the buffer insulating layer 214.
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[0061] The plurality of cell channel structures 230 may be separated by a certain interval
from each other in the first horizontal direction (the X direction), the second horizontal
direction (the Y direction), and a third horizontal direction (for example, a diagonal direction
with respect to the first horizontal direction (the X direction) and the second horizontal
direction (the Y direction)). The plurality of cell channel structures 230 may be arranged in a
zigzag shape or a staggered shape. Each of the plurality of cell channel structures 230 may
include a conductive plug 238. The conductive plug 238 may be at one end of each of the
plurality of cell channel structures 230, which is opposite to the common source line layer
210.

[0062] The plurality of cell channel structures 230 may be in a plurality of channel holes
CHH in the cell region CELL, respectively. The plurality of channel holes CHH may extend
to the inside of the common source line layer 210 by passing through the cell stack 220
including the plurality of gate electrodes 222 and the plurality of insulating layers 224, the
base insulating layer 212, and the buffer insulating layer 214.

[0063] Each of the plurality of cell channel structures 230 may include a gate insulating layer
232, a channel layer 234, a buried insulating layer 236, and a conductive plug 238. The gate
insulating layer 232 and the channel layer 234 may be sequentially on the inner wall of a
channel hole CHH. For example, the gate insulating layer 232 may conformally cover the
inner wall of a portion of the channel hole CHH passing through the cell stack 220 including
the plurality of gate electrodes 222 and the plurality of insulating layers 224, the base
insulating layer 212, and the buffer insulating layer 214, and the channel layer 234 may
conformally cover the inner wall and the ceiling surface of the channel hole CHH. The
channel layer 234 may cover the inner wall and the ceiling surface of the channel hole CHH
extending to the inside of the common source line layer 210 to be in contact with the
common source line layer 210. The gate insulating layer 232 may not extend to the inside of
the common source line layer 210. For example, the top of the gate insulating layer 232 may
be in contact with a lower surface of the common source line layer 210. The channel layer
234 may extend to the inside of the common source line layer 210 along the inner wall of the
channel hole CHH extending to the inside of the common source line layer 210. For example,
the top of the channel layer 234 may be at a higher vertical level than the lower surface of the
common source line layer 210. Herein, the lower surface of the common source line layer
210 indicates the lower surface of the common source line layer 210 except for the inner wall
and the ceiling surface of a portion of the channel hole CHH extending to the inside of the

common source line layer 210.
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[0064] The buried insulating layer 236 filling a remaining space of the channel hole CHH
may be on the channel layer 234. The conductive plug 238 covering the entrance of the
channel hole CHH while being in contact with the channel layer 234 may be beneath the
channel hole CHH. In some example embodiments, the buried insulating layer 236 may be
omitted, and the channel layer 234 may be formed in a pillar shape filling the remaining
space of the channel hole CHH.

[0065] The gate electrode 222 may include a metal, such as W, nickel, cobalt, Ta, conductive
metal nitride, such as titanium nitride (TiN), tantalum nitride (TaN), or tungsten nitride, metal
silicide, such as tungsten silicide, nickel silicide, cobalt silicide, or tantalum silicide, doped
polysilicon, or a combination thereof. In some example embodiments, a dielectric liner may
be between the gate electrode 222 and the insulating layer 224, and the dielectric liner may
include a high-k material, such as aluminum oxide.

[0066] The gate insulating layer 232 may have a structure including a tunneling dielectric
layer 232A, a charge storage layer 232B, and a blocking dielectric layer 232C sequentially on
the outer wall of the channel layer 234. Relative thicknesses of the tunneling dielectric layer
232A, the charge storage layer 232B, and the blocking dielectric layer 232C forming the gate
insulating layer 232 are not limited to those shown in FIG. 5B and may be variously modified.
[0067] The tunneling dielectric layer 232A may include silicon oxide, hafnium oxide,
aluminum oxide, zirconium oxide, tantalum oxide, and/or the like. The charge storage layer
232B is a region in which electrons having passed through the tunneling dielectric layer 232A
from the channel layer 234 may be stored, and may include silicon nitride, boron nitride,
silicon boron nitride, and/or impurity-doped polysilicon. The blocking dielectric layer 232C
may include silicon oxide, silicon nitride, and/or metal oxide having a greater dielectric
constant than the silicon oxide. The metal oxide may include hafnium oxide, aluminum oxide,
zirconium oxide, tantalum oxide, or a combination thereof.

[0068] Bit lines BL may extend in the second horizontal direction (the Y direction) and be
separated from each other in the first horizontal direction (the X direction), each bit line BL
may be electrically connected to a cell channel structure 230 by a bit line contact BLC. The
bit line contact BLC may be connected to the conductive plug 238.

[0069] In the connection region EXT, each of the plurality of gate electrodes 222 may
constitute a pad portion PAD. In some example embodiments, in the connection region EXT,
the plurality of gate electrodes 222 may extend to have a length gradually decreasing in the
first horizontal direction (the X direction) away from the common source line layer 210. In

some example embodiments, in the connection region EXT, the plurality of gate electrodes
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222 may extend to have a length gradually decreasing in the first horizontal direction (the X
direction) and the second horizontal direction (the Y direction) away from the common
source line layer 210. Pad portions PAD may indicate staircase-shaped portions of the
plurality of gate electrodes 222. In some example embodiments, the pad portions PAD may
have a staircase shape in the first horizontal direction (the X direction). In some example
embodiments, the pad portions PAD may have a staircase shape in each of the first horizontal
direction (the X direction) and the second horizontal direction (the Y direction). In some
example embodiments, at least some of the portions of the plurality of gate electrodes 222
constituting the pad portions PAD may have a greater thickness than portions of the plurality
of gate electrodes 222 in the cell region CELL.

[0070] In the connection region EXT and/or the cell region CELL, a dummy channel
structure 230D extending in the vertical direction (the Z direction) to the common source line
layer 210 by passing through the plurality of gate electrodes 222, the plurality of insulating
layers 224, the base insulating layer 212, and the buffer insulating layer 214 may be formed.
Although FIG. 5A shows only one dummy channel structure 230D in the connection region
EXT, this is only illustrative, and the dummy channel structure 230D is not limited thereto.
For example, in the connection region EXT, a plurality of dummy channel structures 230D
may be near a plurality of cell contact structures 270, respectively. For example, in the cell
region CELL, a plurality of dummy channel structures 230D may be near the plurality of cell
channel structures 230, respectively.

[0071] The plurality of dummy channel structures 230D may be in a plurality of dummy
channel holes DCH in the connection region EXT and/or the cell region CELL. The plurality
of dummy channel holes DCH may extend to the inside of the common source line layer 210
by passing through the cell stack 220 including the plurality of gate electrodes 222 and the
plurality of insulating layers 224, the base insulating layer 212, and the buffer insulating layer
214. The dummy channel structure 230D may be formed to prevent or reduce leaning,
bending, or the like of the gate electrode 222 and ensure or improve the structural stability of
the gate electrode 222 in a manufacturing process of the nonvolatile memory device 100. In
some example embodiments, the dummy channel structure 230D may have generally the
same or similar structure and shape as or to that of the cell channel structure 230. In some
example embodiments, the dummy channel structure 230D may have a different structure and
shape from that of the cell channel structure 230.

[0072] In the connection region EXT, a filling insulating layer 228 surrounding the plurality

of cell contact structures 270 while covering the portions of the plurality of gate electrodes
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222 constituting the pad portions PAD may be arranged. The second insulating structure 250
may cover the cell stack 220 and the filling insulating layer 228. In some example
embodiments, the second insulating structure 250 may include a plurality of insulating layers
(not shown), and each of the plurality of insulating layers may cover a bit line contact BLC, a
bit line BL, and a second interconnect structure 240.

[0073] In the connection region EXT, the plurality of cell contact structures 270 respectively
connected to the pad portions PAD of the plurality of gate electrodes 222 by passing through
the filling insulating layer 228 may be arranged. A bit line contact BLC and a bit line BL
connected to the bit line contact BLC may be beneath each of the plurality of cell contact
structures 270, and the bit line BL may be connected to a second interconnect structure 240.
The plurality of cell contact structures 270 may extend in the vertical direction (the Z
direction) to the buffer insulating layer 214 by passing through the plurality of gate electrodes
222, the plurality of insulating layers 224, and the base insulating layer 212. The plurality of
cell contact structures 270 may be separated from the common source line layer 210 without
being in contact with the common source line layer 210. Each of the plurality of cell contact
structures 270 may pass through a pad portion PAD of a gate electrode 222 electrically
connected thereto among the plurality of gate electrodes 222. Vertical heights of the plurality
of cell contact structures 270 may be identical to each other.

[0074] The buffer insulating layer 214 may have a plurality of buffer recesses 290R. A buffer
recess 290R may extend inward from a lower surface of the buffer insulating layer 214 but
does not pass through the buffer insulating layer 214, and thus, the buffer recess 290R may be
separated from the common source line layer 210. A plurality of contact stop layers 290 may
respectively fill the plurality of buffer recesses 290R to be buried in the buffer insulating
layer 214. The plurality of contact stop layers 290 may be separated from the common source
line layer 210 with portions of the buffer insulating layer 214 therebetween. Lower surfaces
of the plurality of contact stop layers 290 may be at the same vertical level as the lower
surface of the buffer insulating layer 214, and upper surfaces of the plurality of contact stop
layers 290 may be at a lower vertical level than an upper surface of the buffer insulating layer
214. Each of the plurality of contact stop layers 290 or the plurality of buffer recesses 290R
may have a first horizontal width W1. For example, the first horizontal width W1 may be
about or exactly 150 nm to about or exactly 500 nm. Each of the plurality of buffer recesses
290R may have a first depth R1 (see FIG. 6B), and each of the plurality of contact stop layers
290 may have a first height H1 (see FIG. 6C). The first depth R1 may be substantially the

same or the same as the first height H1. The first depth R1 and the first height H1 may be less
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than the first thickness T1. For example, the first depth R1 and the first height H1 may be
about or exactly 20 nm to about or exactly 70 nm.

[0075] The plurality of cell contact structures 270 may be in contact with the plurality of
contact stop layers 290, respectively. The plurality of cell contact structures 270 may be
respectively in contact with the plurality of contact stop layers 290 by passing through the
plurality of gate electrodes 222, the plurality of insulating layers 224, and the base insulating
layer 212. The plurality of cell contact structures 270 may be separated from the common
source line layer 210 with the plurality of contact stop layers 290 therebetween, respectively.
For example, each of the plurality of contact stop layers 290 and a portion of the buffer
insulating layer 214 may be between each of the plurality of cell contact structures 270 and
the common source line layer 210. In some embodiment, a cell contact structure 270 and a
contact stop layer 290 connected to each other may be formed together and integrated. When
a cell contact structure 270 and a contact stop layer 290 connected to each other may be
formed together and integrated, the contact stop layer 290 may be referred to as a contact stop
portion of the cell contact structure 270.

[0076] Each of the plurality of cell contact structures 270 may include a base contact portion
272 and a pad connection portion 274. A plurality of base contact portions 272 of the
plurality of cell contact structures 270 may be in a plurality of contact holes MCH in the
connection region EXT, respectively. The plurality of contact holes MCH may pass through
the cell stack 220 including the plurality of gate electrodes 222 and the plurality of insulating
layers 224 and the base insulating layer 212. A plurality of pad connection portions 274 of
the plurality of cell contact structures 270 may be in a plurality of first extended spaces ESL1,
respectively. The plurality of first extended spaces ES1 may communicate with the plurality
of contact holes MCH, respectively. The pad connection portion 274 may surround the
perimeter of the base contact portion 272. In some example embodiments, in a top view, the
pad connection portion 274 may have a ring shape to surround the perimeter of the base
contact portion 272. The pad connection portion 274 of one of the plurality of cell contact
structures 270 may protrude from the base contact portion 272 toward a gate electrode 222
electrically connected to the one cell contact structure 270 among the plurality of gate
electrodes 222. The plurality of pad connection portions 274 of the plurality of cell contact
structures 270 may be in contact with the pad portions PAD of the plurality of gate electrodes
222 to electrically connect the plurality of cell contact structures 270 to the plurality of gate
electrodes 222, respectively. The pad portions PAD of the plurality of gate electrodes 222

may be in contact with the plurality of pad connection portions 274 of the plurality of cell
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contact structures 270 and surround the perimeters of the plurality of pad connection portions
274, respectively.

[0077] In some embodiment, each of the plurality of cell contact structures 270 may further
include at least one protrusion portion 276. In some example embodiments, a cell contact
structure 270 electrically connected to the top gate electrode 222 of the plurality of gate
electrodes 222, for example, the gate electrode 222 closest to the common source line layer
210, may not include the protrusion portion 276 and may include only the base contact
portion 272 and the pad connection portion 274.

[0078] A plurality of protrusion portions 276 of each of the plurality of cell contact structures
270 may be in a plurality of second extended spaces ES2, respectively. The plurality of
second extended spaces ES2 may communicate with each of the plurality of contact holes
MCH. The at least one protrusion portion 276 may surround the perimeter of the base contact
portion 272. In some example embodiments, in a top view, the at least one protrusion portion
276 may have a ring shape to surround the perimeter of the base contact portion 272. The at
least one protrusion portion 276 of one of the plurality of cell contact structures 270 may
protrude from the base contact portion 272 toward at least one gate electrode 222 electrically
isolated from the one cell contact structure 270 among the plurality of gate electrodes 222.
An insulating spacer 280S may be between the at least one protrusion portion 276 of one of
the plurality of cell contact structures 270 and the at least one gate electrode 222 electrically
isolated from the one of the plurality of cell contact structures 270.

[0079] The base contact portion 272, the pad connection portion 274, and the protrusion
portion 276 of each of the plurality of cell contact structures 270 may be formed together and
integrated. A difference between a protruding length of the pad connection portion 274 and a
protruding length of the protrusion portion 276 in a horizontal direction from the base contact
portion 272 may be substantially the same or the same as a horizontal width of the insulating
spacer 280S.

[0080] Each of the plurality of cell channel structures 230 or the plurality of channel holes
CHH may have a first horizontal diameter D1 in the horizontal direction, and each of the
plurality of base contact portions 272 or the plurality of contact holes MCH may have a
second horizontal diameter D2 in the horizontal direction. The second horizontal diameter D2
may be less than the first horizontal width W1. At the same vertical level, the second
horizontal diameter D2 may be greater than or equal to the first horizontal diameter D1. For
example, the first horizontal diameter D1 may be about or exactly 80 nm to about or exactly

150 nm, and the second horizontal diameter D2 may be about or exactly 100 nm to about or
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exactly 150 nm. In some example embodiments, each of the plurality of dummy channel
structures 230D and the plurality of dummy channel holes DCH may have the second
horizontal diameter D2.

[0081] The pad connection portion 274 may have a fifth thickness T5, and the protrusion
portion 276 may have a sixth thickness T6. The fifth thickness T5 may be greater than the
sixth thickness T6. For example, the fifth thickness T5 may be greater by at least 1.5 times
than the sixth thickness T6. In some example embodiments, the sixth thickness T6 may be
substantially the same or the same as the third thickness T3. Each of the portions of the
plurality of gate electrodes 222 constituting the pad portions PAD may have substantially the
same or the same thickness as the fifth thickness T5. That is, the fifth thickness T5 of the pad
connection portion 274 may be substantially the same or the same as a thickness of the pad
portion PAD in contact with the pad connection portion 274, and the sixth thickness T6 of the
protrusion portion 276 may be substantially the same or the same as the third thickness T3 of
each of the plurality of gate electrodes 222 except for the pad portions PAD.

[0082] The gate electrode 222 may include a main electrode layer 222M and a barrier
electrode layer 222B covering the surface of the main electrode layer 222M. The cell contact
structure 270 may include a main contact layer 270M and a barrier contact layer 270B
covering the surface of the main contact layer 270M. For example, the main electrode layer
222M and the main contact layer 270M may include W, Cu, Ag, Au, Al, or a combination
thereof or include a conductive material, though not limited thereto. For example, the barrier
electrode layer 222B and the barrier contact layer 270B may include Ti, TiN, Ta, TaN, or a
combination thereof.

[0083] For example, the barrier electrode layer 222B may be in contact with the insulating
layer 224, the filling insulating layer 228, the gate insulating layer 232, the barrier contact
layer 270B, and the insulating spacer 280S, and the main electrode layer 222M may be
separated from the insulating layer 224, the filling insulating layer 228, the gate insulating
layer 232, the barrier contact layer 270B, and the insulating spacer 280S with the barrier
electrode layer 222B therebetween. For example, the barrier contact layer 270B may be in
contact with the insulating layer 224, the filling insulating layer 228, the barrier electrode
layer 222B, and the insulating spacer 280S, and the main contact layer 270M may be
separated from the insulating layer 224, the filling insulating layer 228, the barrier electrode
layer 222B, and the insulating spacer 280S with the barrier contact layer 270B therebetween.

The barrier contact layer 270B and the barrier electrode layer 222B may be between the main
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contact layer 270M of the pad connection portion 274 and the main electrode layer 222M of
the pad portion PAD.

[0084] FIGS. 6A to 6Q are cross-sectional views illustrating a method of manufacturing a
nonvolatile memory device, according to some example embodiments. Particularly, FIGS. 6A
to 6Q are shown by being rotated by 180 degrees (upside down or left and right reverse)
when compared to FIGS. 5A and 5B and are magnified views of portions respectively
corresponding to the portions E1, E2, E3, and E4 of FIGS. 5A and 5B.

[0085] Referring to FIG. 6A, a base substrate 205 having the cell region CELL and the
connection region EXT is prepared. The base substrate 205 may include a semiconductor
material, for example, a Group IV semiconductor material, a Group Ill1-V semiconductor
material, a Group II-VI semiconductor material, or a Group II-VI oxide semiconductor
material. In some example embodiments, the base substrate 205 may be a silicon substrate.
[0086] Referring to FIG. 6B, the buffer insulating layer 214 is formed on the base substrate
205. The buffer insulating layer 214 may include an insulating material, such as silicon oxide,
a low-k material, or a combination thereof. The buffer insulating layer 214 may be formed to
have the first thickness T1.

[0087] Portions of the buffer insulating layer 214 are removed to form the plurality of buffer
recesses 290R extending inward from the upper surface of the buffer insulating layer 214.
Each of the plurality of buffer recesses 290R may be formed to have a first depth R1. The
first depth R1 may be less than the first thickness T1. The plurality of buffer recesses 290R
may extend from the upper surface of the buffer insulating layer 214 but not to the base
substrate 205. For example, the first depth R1 may be about or exactly 20 nm to about or
exactly 70 nm.

[0088] Referring to FIG. 6C, a plurality of preliminary contact stop layers 290P respectively
filling the plurality of buffer recesses 290R are formed. The plurality of preliminary contact
stop layers 290P may include a material having an etching selectivity with respect to a
plurality of sacrificial layers SL and the plurality of insulating layers 224 shown in FIG. 6D.
In some example embodiments, the plurality of preliminary contact stop layers 290P may
include a metal. For example, the plurality of preliminary contact stop layers 290P may
include W, molybdenum (Mo), TiN, or the like but are not limited thereto.

[0089] Each of the plurality of preliminary contact stop layers 290P may be formed to have a
first height H1. The first height H1 may be less than the first thickness T1. The first height
H1 may be substantially the same or the same as the first depth R1 (see FIG. 6B). For

example, the first height H1 may be about or exactly 20 nm to about or exactly 70 nm.
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[0090] Referring to FIG. 6D, the base insulating layer 212 covering the buffer insulating
layer 214 and the plurality of preliminary contact stop layers 290P is formed, and then, the
plurality of sacrificial layers SL and the plurality of insulating layers 224 alternately on the
base insulating layer 212 are formed. The sacrificial layer SL and the insulating layer 224
may include materials having etching selectivities with respect to each other. For example,
the sacrificial layer SL may include nitride, and the insulating layer 224 may include oxide,
but the sacrificial layer SL and the insulating layer 224 are not limited thereto. The base
insulating layer 212 and the insulating layer 224 may include materials having the same or
similar etching characteristics. For example, the base insulating layer 212 may include oxide.
The base insulating layer 212 may have the second thickness T2, the sacrificial layer SL may
have the third thickness T3, and the insulating layer 224 may have the fourth thickness T4.
[0091] Thereafter, portions of the plurality of sacrificial layers SL and portions of the
plurality of insulating layers 224 in the connection region EXT are removed such that the
plurality of sacrificial layers SL and the plurality of insulating layers 224 have a staircase
shape in the connection region EXT.

[0092] Referring to FIG. 6E, a plurality of extended sacrificial layers 226 are respectively
formed on portions of the plurality of sacrificial layers SL of a staircase shape in the
connection region EXT. The extended sacrificial layer 226 may include a material having the
same or similar etching characteristic as or to that of the sacrificial layer SL. For example, the
extended sacrificial layer 226 may include nitride. The plurality of extended sacrificial layers
226 may at least partially overlap the plurality of preliminary contact stop layers 290P in the
vertical direction, respectively.

[0093] The filling insulating layer 228 covering the plurality of sacrificial layers SL, the
plurality of insulating layers 224, and the plurality of extended sacrificial layers 226 is
formed. The filling insulating layer 228 may be formed to have an upper surface at
substantially the same or the same vertical level in each of the cell region CELL and the
connection region EXT.

[0094] Referring to FIG. 6F, in the cell region CELL, the plurality of channel holes CHH
extending to the inside of the base substrate 205 by passing through the filling insulating
layer 228, the plurality of sacrificial layers SL, the plurality of insulating layers 224, the base
insulating layer 212, and the buffer insulating layer 214 are formed, and in the connection
region EXT, the plurality of contact holes MCH passing through the filling insulating layer
228, the plurality of extended sacrificial layers 226, the plurality of sacrificial layers SL, the

plurality of insulating layers 224, and the base insulating layer 212 are formed. The base
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substrate 205 may be exposed through the bottom surfaces of the plurality of channel holes
CHH, and the plurality of preliminary contact stop layers 290P may be exposed through the
bottom surfaces of the plurality of contact holes MCH, respectively. In a process of forming
the plurality of channel holes CHH and the plurality of contact holes MCH, the dummy
channel hole DCH (see FIG. 5A) may be formed together.

[0095] Each of the plurality of channel holes CHH may have the first horizontal diameter D1
in the horizontal direction, and each of the plurality of contact holes MCH may have the
second horizontal diameter D2 in the horizontal direction. The second horizontal diameter D2
may be less than the first horizontal width W1 (see FIG. 6C). At the same vertical level, the
second horizontal diameter D2 may be greater than or equal to the first horizontal diameter
D1. In some example embodiments, the diameter of the first horizontal diameter D1 and the
second horizontal diameter D2 may be the same or substantially the same along their
respective lengths.

[0096] Referring to FIG. 6G, a plurality of first filling sacrificial layers FL1 respectively
filling the plurality of contact holes MCH are formed. The plurality of first filling sacrificial
layers FL1 may include a material having an etching selectivity with respect to the plurality
of sacrificial layers SL, the plurality of insulating layers 224, and the plurality of extended
sacrificial layers 226. For example, the plurality of first filling sacrificial layers FL1 may
include a material having the same or similar etching characteristic as or to that of the
plurality of preliminary contact stop layers 290P. In some example embodiments, the
plurality of first filling sacrificial layers FL1 and the plurality of preliminary contact stop
layers 290P may include the same material.

[0097] Referring to FIG. 6H, the plurality of cell channel structures 230 respectively filling
the plurality of channel holes CHH are formed. Each of the plurality of cell channel structures
230 may include the gate insulating layer 232, the channel layer 234, the buried insulating
layer 236, and the conductive plug 238.

[0098] The gate insulating layer 232 and the channel layer 234 may be sequentially formed
on the inner wall and the bottom surface of each of the plurality of channel holes CHH. The
gate insulating layer 232 and the channel layer 234 may sequentially and conformally cover
the inner wall and the bottom surface of each of the plurality of channel holes CHH. The gate
insulating layer 232 may cover the surface of each of the plurality of sacrificial layers SL, the
plurality of insulating layers 224, the base insulating layer 212, and the buffer insulating layer
214 exposed through each of the plurality of channel holes CHH.
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[0099] The buried insulating layer 236 filling a remaining space of each of the plurality of
channel holes CHH on the channel layer 234 of each of the plurality of channel holes CHH
may be formed. The conductive plug 238 covering the entrance of the channel hole CHH
while being in contact with the channel layer 234 may be formed on each of the plurality of
channel holes CHH. In some example embodiments, the buried insulating layer 236 may be
omitted, and the channel layer 234 may be formed in a pillar shape filling the remaining
space of the channel hole CHH.

[0100] Referring to FIGS. 6H and 61, the plurality of first filling sacrificial layers FL1 and
the plurality of preliminary contact stop layers 290P are removed. The plurality of contact
holes MCH may communicate with the plurality of buffer recesses 290R, respectively. The
filling insulating layer 228, the plurality of extended sacrificial layers 226, the plurality of
insulating layers 224, the plurality of sacrificial layers SL, the base insulating layer 212, and
the buffer insulating layer 214 may be exposed through the plurality of contact holes MCH
and the plurality of buffer recesses 290R.

[0101] Referring to FIGS. 61 and 6J, portions of the plurality of extended sacrificial layers
226 and portions of the plurality of sacrificial layers SL are removed through the plurality of
contact holes MCH to form the plurality of first extended spaces ES1 and the plurality of
second extended spaces ES2 communicating with the plurality of contact holes MCH.

[0102] The plurality of first extended spaces ES1 may be formed by removing portions of the
plurality of extended sacrificial layers 226 and portions of the plurality of sacrificial layers
SL, which are respectively in contact with the portions of the plurality of extended sacrificial
layers 226. The plurality of second extended spaces ES2 may be formed by removing
portions of the plurality of sacrificial layers SL, which are respectively not in contact with the
plurality of extended sacrificial layers 226.

[0103] Referring to FIG. 6K, a spacer material layer 280 filling portions of the plurality of
first extended spaces ES1 and portions of the plurality of buffer recesses 290R and filling all
of the plurality of second extended spaces ES2 is formed, and then, a cover protection layer
282 covering the spacer material layer 280 and a second filling sacrificial layer FL2 filling
the plurality of contact holes MCH and the plurality of buffer recesses 290R are formed. For
example, the spacer material layer 280 may include oxide, and the cover protection layer 282
may include nitride, but the spacer material layer 280 and the cover protection layer 282 are
not limited thereto.

[0104] The spacer material layer 280 may be formed by forming a preliminary spacer

material layer conformally covering the inner surfaces of the plurality of contact holes MCH,
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the plurality of first extended spaces ES1, the plurality of second extended spaces ES2, and
the plurality of buffer recesses 290R and then removing a portion of the preliminary spacer
material layer covering the inner walls of the plurality of contact holes MCH. The
preliminary spacer material layer may be formed to have a thickness greater than 1/2 the sixth
thickness T6 (see FIG. 5B) and less than 1/2 the fifth thickness T5 (see FIG. 5B) such that the
preliminary spacer material layer fills all of the plurality of second extended spaces ES2 and
fills only portions of the plurality of first extended spaces ES1. The cover protection layer
282 may be formed to fill the remaining portions of the plurality of first extended spaces ES1
and not to fill all of the plurality of contact holes MCH. The second filling sacrificial layer
FL2 may be formed to fill all of the plurality of contact holes MCH.

[0105] Referring to FIGS. 6K and 6L, a plurality of removed spaces RS are formed by
removing the plurality of sacrificial layers SL and the plurality of extended sacrificial layers
226. The plurality of removed spaces RS may be formed by forming a gate cut region passing
through the plurality of sacrificial layers SL and the plurality of insulating layers 224 and
then removing the plurality of sacrificial layers SL through the gate cut region.

[0106] Referring to FIG. 6M, the plurality of gate electrodes 222 filling the plurality of
removed spaces RS are formed. Each of the plurality of gate electrodes 222 may include the
barrier electrode layer 222B (see FIG. 5B) and the main electrode layer 222M (see FIG. 5B).
The barrier electrode layer 222B may be formed to conformally cover the inner surface of
each of the plurality of removed spaces RS, and the main electrode layer 222M may be
formed to fill each of the plurality of removed spaces RS while covering the barrier electrode
layer 222B.

[0107] Referring to FIGS. 6M and 6N, a plurality of insulating spacers 280S are respectively
formed in the plurality of second extended spaces ES2 by removing the second filling
sacrificial layer FL2 and the cover protection layer 282 and then removing a portion of the
spacer material layer 280. All portions of the spacer material layer 280 in the plurality of first
extended spaces ES1 may be removed. The plurality of insulating spacers 280S may cover
side surfaces of corresponding ones of the plurality of gate electrodes 222 facing the plurality
of second extended spaces ES2. That is, the plurality of insulating spacers 280S may be
between the plurality of second extended spaces ES2 and corresponding ones of the plurality
of gate electrodes 222.

[0108] The plurality of gate electrodes 222 may be in contact with the gate insulating layer
232 of each of the plurality of cell channel structures 230. The gate insulating layer 232 may
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be between the channel layer 234 of each of the plurality of cell channel structures 230 and
the plurality of gate electrodes 222.

[0109] Referring to FIG. 60, a conductive material layer filling the plurality of contact holes
MCH, the plurality of first extended spaces ES1, the plurality of second extended spaces ES2,
and the plurality of buffer recesses 290R is formed. A portion of the conductive material
layer filling the plurality of contact holes MCH, the plurality of first extended spaces ES1,
and the plurality of second extended spaces ES2 may be the plurality of cell contact
structures 270, and a portion of the conductive material layer filling the plurality of buffer
recesses 290R may be the plurality of contact stop layers 290. Each of the plurality of contact
stop layers 290 may be referred to as a contact stop portion of each of the plurality of cell
contact structures 270.

[0110] Each of the plurality of cell contact structures 270 may include the barrier contact
layer 270B (see FIG. 5B) and the main contact layer 270M (see FIG. 5B). The barrier contact
layer 270B may be formed by conformally covering the inner surface of each of the plurality
of contact holes MCH, the plurality of first extended spaces ES1, the plurality of second
extended spaces ES2, and the plurality of buffer recesses 290R, and the main contact layer
270M may be formed to fill the plurality of contact holes MCH, the plurality of first extended
spaces ES1, the plurality of second extended spaces ES2, and the plurality of buffer recesses
290R while covering the barrier contact layer 270B.

[0111] Referring to FIGS. 60 and 6P, the base substrate 205 is removed. Before removing
the base substrate 205, a result of FIG. 60 may be upside down, and then, the base substrate
205 may be removed.

[0112] The base substrate 205 is removed, and portions of the gate insulating layers 232
among portions of the plurality of cell channel structures 230, which are exposed from the
lower surface of the buffer insulating layer 214 (when the result of FIG. 60 is upside down,
the upper surface of the buffer insulating layer 214 as shown in FIGS. 5A and 5B), are
removed to expose portions of the channel layers 234 of the plurality of cell channel
structures 230.

[0113] Referring to FIG. 6Q, the common source line layer 210 covering the plurality of cell
channel structures 230 is formed beneath the lower surface of the buffer insulating layer 214.
The common source line layer 210 may be in contact with the channel layers 234 of the
plurality of cell channel structures 230.

[0114] After forming the common source line layer 210, the cell array structure CS shown in

FIG. 5A may be formed by forming a plurality of bit line contacts BLC, the plurality of bit
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lines BL, a plurality of second interconnect structures 240, a plurality of second bonding pads
260, and the second insulating structure 250 shown in FIG. 5A on the filling insulating layer
228, the plurality of cell channel structures 230, and the plurality of cell contact structures
270, and the nonvolatile memory device 100 shown in FIGS. 5A and 5B may be formed by
bonding the cell array structure CS and the peripheral circuit structure PS to each other by
metal-oxide hybrid bonding.

[0115] Referring to FIGS. 5A to 6Q, in a process of forming the plurality of contact holes
MCH, the numbers of gate electrodes 222 and insulating layers 224 through which each
contact hole MCH passes may vary, and thus, it may be difficult to uniformly control a depth
of each of the plurality of contact holes MCH by adjusting an etching process condition.
However, because the plurality of preliminary contact stop layers 290P function as etching
stop layers in a process of forming the plurality of contact holes MCH, the plurality of
contact holes MCH may be formed to have a uniform depth, and because the plurality of
contact holes MCH do not pass through the buffer insulating layer 214, the plurality of
contact holes MCH may not extend to the common source line layer 210. Therefore, the
nonvolatile memory device 100 according to the inventive concepts may prevent or reduce
the plurality of cell contact structures 270 from being connected to the common source line
layer 210, thereby ensuring or improving electrical operation reliability.

[0116] FIGS. 7A and 7B are cross-sectional views of a nonvolatile memory device 100a
according to some example embodiments. Particularly, FIG. 7B show magnified views of
portions E1, E2, E3, and E4 of FIG. 7A.

[0117] Instead of the plurality of buffer recesses 290R and the plurality of contact stop layers
290 filling the plurality of buffer recesses 290R, which are included in the nonvolatile
memory device 100 shown in FIGS. 5A and 5B, the nonvolatile memory device 100a shown
in FIGS. 7A and 7B may include a plurality of buffer recesses 290Ra and a plurality of
contact stop layers 290a filling the plurality of buffer recesses 290Ra.

[0118] Each of the plurality of contact stop layers 290a or the plurality of buffer recesses
290Ra may have a first horizontal width W1a. At a vertical level where the buffer insulating
layer 214 is in contact with the base insulating layer 212, the first horizontal width W1a may
be generally the same as the second horizontal diameter D2. For example, the first horizontal
width W1a may be about or exactly 100 nm to about or exactly 150 nm.

[0119] FIGS. 8A and 8B are cross-sectional views of a nonvolatile memory device 100b
according to some example embodiments. Particularly, FIG. 8B show magnified views of

portions E1, E2, E3, and E4 of FIG. 8A.
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[0120] Instead of the plurality of contact stop layers 290 filling the plurality of buffer
recesses 290R, which are included in the nonvolatile memory device 100 shown in FIGS. 5A
and 5B, the nonvolatile memory device 100b shown in FIGS. 8A and 8B may include a
plurality of contact stop layers 290b filling the plurality of buffer recesses 290R. For example,
the plurality of contact stop layers 290b may include a non-metal material.

[0121] The plurality of contact stop layers 290b may include a material different from that of
the plurality of cell contact structures 270. For example, the plurality of contact stop layers
290b may be formed by forming the plurality of contact stop layers 290b including a non-
metal material instead of the plurality of preliminary contact stop layers 290P shown in FIG.
6C, which include a metal, and then removing only the plurality of first filling sacrificial
layers FL1 in a process of removing the plurality of first filling sacrificial layers FL1 and the
plurality of preliminary contact stop layers 290P shown in FIGS. 6H and 61.

[0122] FIG. 9 is a cross-sectional view of a nonvolatile memory device 200 having a cell-to-
cell (C2C) structure, according to some example embodiments.

[0123] Referring to FIG. 9, unlike the nonvolatile memory device 100 shown in FIGS. 5A
and 5B, the nonvolatile memory device 200 of FIG. 9 may include the peripheral circuit
structure PS, a first cell array structure CS1, and a second cell array structure CS2, which are
boned to one another in the vertical direction (the Z direction). The first cell array structure
CS1 and the second cell array structure CS2 are generally the same as the cell array structure
CS shown in FIGS. 5A and 5B, and thus, a description made with respect to the cell array
structure CS is not repeated. For example, the peripheral circuit structure PS and the first cell
array structure CS1 may be bonded to each other by metal-oxide hybrid bonding, and the first
cell array structure CS1 and the second cell array structure CS2 may be bonded to each other
by metal-oxide hybrid bonding.

[0124] The common source line layer 210 and the plurality of cell contact structures 270 of
the second cell array structure CS2 may be electrically connected to the peripheral circuit
structure PS via a plurality of connection vias 268 in the cell peripheral circuit region PERI.
For example, the common source line layer 210 of the second cell array structure CS2 may be
electrically connected to the peripheral circuit structure PS via a connection via 268 in the
second cell array structure CS2 and a connection via 268 in the first cell array structure CS1.
The plurality of cell contact structures 270 of the second cell array structure CS2 may be
electrically connected to the peripheral circuit structure PS via connection vias 268 in the first

cell array structure CS1. Although not separately shown in FIG. 9, the common source line
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layer 210 of the first cell array structure CS1 may be electrically connected to the peripheral
circuit structure PS via the connection vias 268 in the first cell array structure CS1.

[0125] The second cell array structure CS2 may be electrically connected to the first cell
array structure CS1 via a plurality of connection wiring layers 262 and a plurality of
connection contacts 264. The connection via 268 and/or the plurality of cell contact structures
270 in the second cell array structure CS2 may be electrically connected to the plurality of
connection wiring layers 262 and the plurality of connection contacts 264. In some example
embodiments, a plurality of connection pads 266 may be respectively on the connection vias
268 in the first cell array structure CS1. The plurality of connection pads 266 may be exposed
on an upper surface of the first cell array structure CS1. The plurality of connection contacts
264 in the second cell array structure CS2 may be connected to the plurality of connection
pads 266 in the first cell array structure CS1, respectively.

[0126] FIG. 10 is a cross-sectional view of a nonvolatile memory device 300 having a C2C
structure, according to some example embodiments.

[0127] Referring to FIG. 10, unlike the nonvolatile memory device 100 shown in FIGS. 5A
and 5B, the nonvolatile memory device 300 of FIG. 10 may include the peripheral circuit
structure PS, a first cell array structure CS1a, and a second cell array structure CS2a, which
are boned to one another in the vertical direction (the Z direction). The first cell array
structure CSla and the second cell array structure CS2a are generally the same as the cell
array structure CS shown in FIGS. 5A and 5B or the first cell array structure CS1 and the
second cell array structure CS2 shown in FIG. 9, and thus, a description made with respect to
the cell array structure CS or the first cell array structure CS1 and the second cell array
structure CS2 is not repeated. Each of the first cell array structure CS1 and the second cell
array structure CS2 shown in FIG. 9 has the common source line layer 210 at upper sides
thereof like the cell array structure CS shown in FIGS. 5A and 5B, but the first cell array
structure CSla shown in FIG. 10 has the common source line layer 210 at a lower side
thereof, and the second cell array structure CS2a has the common source line layer 210 as an
upper side thereof. That is, the cell region CELL and the connection region EXT of the first
cell array structure CSla may be symmetrical to the cell region CELL and the connection
region EXT of the second cell array structure CS2a in the vertical direction.

[0128] For example, the peripheral circuit structure PS and the first cell array structure CSla
may be bonded to each other by metal-oxide hybrid bonding, and the first cell array structure
CSla and the second cell array structure CS2a may be bonded to each other by metal-oxide

hybrid bonding.
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[0129] The common source line layer 210 and the plurality of cell contact structures 270 of
the second cell array structure CS2a may be electrically connected to the peripheral circuit
structure PS via a plurality of connection vias 268a in the cell peripheral circuit region PERI.
For example, the common source line layer 210 of the second cell array structure CS2a may
be electrically connected to the peripheral circuit structure PS via a connection via 268a in
the second cell array structure CS2a and connection vias 268 in the first cell array structure
CS1la. The plurality of cell contact structures 270 of the second cell array structure CS2a may
be electrically connected to the peripheral circuit structure PS via the connection vias 268 in
the first cell array structure CS1a.

[0130] FIG. 11 is a block diagram schematically illustrating a memory system 1000
including a nonvolatile memory device, according to some example embodiments.

[0131] Referring to FIG. 11, the memory system 1000 may include at least one memory
device 1100 and a memory controller 1200 electrically connected to the at least one memory
device 1100. The memory system 1000 may be, for example, a solid state drive (SSD) device,
a universal serial bus (USB) device, a computing system, a medical device, or a
communication device including the at least one memory device 1100.

[0132] A memory device 1100 may be a nonvolatile memory device. For example, the
memory device 1100 may be a NAND flash memory device including one or a combination
of the nonvolatile memory devices 100, 100a, 100b, 200, and 300 described with reference to
FIGS. 5A to 10. The memory device 1100 may include a first structure 1100F and a second
structure 1100S on the first structure 1100F. The first structure 1100F may correspond to the
peripheral circuit structure PS shown in FIGS. 5A, 7A, 8A, 9, and 10. The peripheral circuit
120 shown in FIGS. 5A, 7A, 8A, 9, and 10 may include a row decoder 1110, a page buffer
1120, and a logic circuit 1130.

[0133] The second structure 1100S may correspond to the cell array structure CS shown in
FIGS. 5A to 8B or the first cell array structure CS1 and the second cell array structure CS2
shown in FIG. 9. The second structure 1100S may include the plurality of bit lines BL, the
common source line CSL, the plurality of word lines WL, first and second string select lines
UL1 and UL2, first and second ground select lines LL1 and LL2, and a plurality of memory
cell strings CSTR between the plurality of bit lines BL and the common source line CSL. The
plurality of cell channel structures 230 and the plurality of gate electrodes 222 shown in FIGS.
5A, 7A, 8A, 9, and 10 may form the plurality of memory cell strings CSTR.

[0134] In the second structure 1100S, each of the plurality of memory cell strings CSTR may

include ground select transistors LT1 and LT2 adjacent to the common source line CSL,
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string select transistors UT1 and UT2 adjacent to a bit line BL, and a plurality of memory cell
transistors MCT between the ground select transistors LT1 and LT2 and the string select
transistors UT1 and UT2. The number of ground select transistors LT1 and LT2 and the
number of string select transistors UT1 and UT2 may be variously modified according to
some example embodiments. One of the plurality of cell channel structures 230 and one of
the plurality of gate electrodes 222, which are shown in FIGS. 5A, 7A, 8A, 9, and 10, may
form one of the ground select transistors LT1 and LT2, the string select transistors UT1 and
UT2, and the plurality of memory cell transistors MCT.

[0135] In some example embodiments, the first and second ground select lines LL1 and LL2
may be connected to gate electrodes of the ground select transistors LT1 and LT2,
respectively. The plurality of word lines WL may be connected to gate electrodes of the
plurality of memory cell transistors MCT, respectively. The first and second string select
lines UL1 and UL2 may be connected to gate electrodes of the string select transistors UT1
and UT2, respectively.

[0136] The common source line CSL, the first and second ground select lines LL1 and LL2,
the plurality of word lines WL, and the first and second string select lines UL1 and UL2 may
be electrically connected to the row decoder 1110. The plurality of bit lines BL may be
electrically connected to the page buffer 1120.

[0137] The memory device 1100 may communicate with the memory controller 1200
through external connection pads 1101 electrically connected to the logic circuit 1130. The
external connection pads 1101 may be electrically connected to the logic circuit 1130.

[0138] The memory controller 1200 may include a processor 1210, a NAND controller 1220,
and a host interface (I/F) 1230. In some example embodiments, the memory system 1000
may include a plurality of memory devices 1100, and in this case, the memory controller
1200 may control the plurality of memory devices 1100.

[0139] The processor 1210 may control a general operation of the memory system 1000
including the memory controller 1200. The processor 1210 may operate according to certain
firmware and control the NAND controller 1220 to access the memory device 1100. The
NAND controller 1220 may include a NAND interface (I/F) 1221 configured to process
communication with the memory device 1100. Through the NAND interface 1221, a control
command for controlling the memory device 1100, data to be written on the plurality of
memory cell transistors MCT in the memory device 1100, data read from the plurality of
memory cell transistors MCT in the memory device 1100, and the like may be transferred.

The host interface 1230 may provide a communication function between the memory system
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1000 and an external host. When a control command is received from the external host
through the host interface 1230, the processor 1210 may control the memory device 1100 in
response to the control command.

[0140] FIG. 12 is a perspective view schematically illustrating a memory system 2000
including a nonvolatile memory device, according to some example embodiments.

[0141] Referring to FIG. 12, the memory system 2000 according to some example
embodiments may include a main substrate 2001 and a memory controller 2002, a
semiconductor package 2003, and dynamic random access memory (DRAM) 2004 mounted
on the main substrate 2001. The semiconductor package 2003 and the DRAM 2004 may be
connected to the memory controller 2002 through a plurality of wiring patterns 2005 formed
on the main substrate 2001.

[0142] The main substrate 2001 may include a connector 2006 including a plurality of pins
coupled to an external host. The number and the arrangement of pins in the connector 2006
may vary according to a communication interface between the memory system 2000 and the
external host. In some example embodiments, the memory system 2000 may communicate
with the external host according to any one of interfaces, such as a USB interface, a
peripheral component interconnect express (PCI-Express) interface, a serial advanced
technology attachment (SATA) interface, and an M-Phy interface for a universal flash
storage (UFS). In some example embodiments, the memory system 2000 may operate by
power received from the external host through the connector 2006. The memory system 2000
may further include a power management integrated circuit (PMIC) configured to distribute
the power received from the external host to the memory controller 2002 and the
semiconductor package 2003.

[0143] The memory controller 2002 may write or read data on or from the semiconductor
package 2003 and improve an operating speed of the memory system 2000.

[0144] The DRAM 2004 may be a buffer memory configured to mitigate a speed difference
between the semiconductor package 2003, which is a data storage space, and the external host.
The DRAM 2004 included in the memory system 2000 may operate as a kind of cache
memory and provide a space in which data is temporarily stored in a control operation on the
semiconductor package 2003. When the DRAM 2004 is included in the memory system 2000,
the memory controller 2002 may further include a DRAM controller configured to control the
DRAM 2004 in addition to a NAND controller configured to control the semiconductor
package 2003.
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[0145] The semiconductor package 2003 may include first and second semiconductor
packages 2003a and 2003b separated from each other. Each of the first and second
semiconductor packages 2003a and 2003b may include a plurality of semiconductor chips
2200. Each of the first and second semiconductor packages 2003a and 2003b may include a
package substrate 2100, the plurality of semiconductor chips 2200 on the package substrate
2100, an adhesive layer 2300 beneath a lower surface of each of the plurality of
semiconductor chips 2200, a plurality of connection structures 2400 electrically connecting
the plurality of semiconductor chips 2200 to the package substrate 2100, and a molding layer
2500 covering the plurality of semiconductor chips 2200 and the plurality of connection
structures 2400 on the package substrate 2100.

[0146] The package substrate 2100 may be a printed circuit board including a plurality of
package upper pads 2130. Each of the plurality of semiconductor chips 2200 may include
input-output pads 2210. Each of the plurality of semiconductor chips 2200 may include at
least one of the nonvolatile memory devices 100, 100a, 100b, 200, and 300 described with
reference to FIGS. 5A to 10.

[0147] In some example embodiments, the plurality of connection structures 2400 may be
bonding wires electrically connecting the input-output pads 2201 to the plurality of package
upper pads 2130. Therefore, in the first and second semiconductor packages 2003a and 2003b,
the plurality of semiconductor chips 2200 may be electrically connected to each other by a
bonding wire scheme and electrically connected to the plurality of package upper pads 2130
of the package substrate 2100. In some example embodiments, in the first and second
semiconductor packages 2003a and 2003b, the plurality of semiconductor chips 2200 may be
electrically connected to each other through a connection structure including through silicon
vias (TSVs) instead of the plurality of connection structures 2400 of the bonding wire scheme.
[0148] In some example embodiments, the memory controller 2002 and the plurality of
semiconductor chips 2200 may be included in one package. In some example embodiments,
the memory controller 2002 and the plurality of semiconductor chips 2200 may be mounted
on a separate interposer substrate other than the main substrate 2001, and the memory
controller 2002 may be connected to the plurality of semiconductor chips 2200 through
wirings formed on the interposer substrate.

[0149] FIG. 13 is a cross-sectional view schematically illustrating the semiconductor package
2003 according to some example embodiments.

[0150] Referring to FIG. 13, in the semiconductor package 2003, the package substrate 2100

may be a printed circuit board. The package substrate 2100 may include a package substrate
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body portion 2120, the plurality of package upper pads 2130 (see FIG. 12) on an upper
surface of the package substrate body portion 2120, a plurality of lower pads 2125 disposed
on or exposed through a lower surface of the package substrate body portion 2120, and a
plurality of internal wirings 2135 inside the package substrate body part 2120 to electrically
connect the plurality of package upper pads 2130 (see FIG. 12) to the plurality of lower pads
2125. As shown in FIG. 12, the plurality of package upper pads 2130 may be electrically
connected to the plurality of connection structures 2400. The plurality of lower pads 2125
may be connected, through a plurality of conductive bumps 2800, to the plurality of wiring
patterns 2005 on the main substrate 2001 of the memory system 2000 shown in FIG. 12. Each
of the plurality of semiconductor chips 2200 may include at least one of the nonvolatile
memory devices 100, 100a, 100b, 200, and 300 described with reference to FIGS. 5A to 10.
[0151] When the terms "about" or “substantially” are used in this specification in connection
with a numerical value, it is intended that the associated numerical value includes a
manufacturing or operational tolerance (e.g., £10 %) around the stated numerical value.
Moreover, when the words "generally” and "substantially” are used in connection with
geometric shapes, it is intended that precision of the geometric shape is not required but that
latitude for the shape is within the scope of the disclosure. Further, regardless of whether
numerical values or shapes are modified as "about” or "substantially,” it will be understood
that these values and shapes should be construed as including a manufacturing or operational
tolerance (e.g., £10 %) around the stated numerical values or shapes.

[0152] As described herein, any electronic devices and/or portions thereof according to any
of the example embodiments may include, may be included in, and/or may be implemented
by one or more instances of processing circuitry such as hardware including logic circuits; a
hardware/software combination such as a processor executing software; or any combination
thereof. For example, the processing circuitry more specifically may include, but is not
limited to, a central processing unit (CPU), an arithmetic logic unit (ALU), a graphics
processing unit (GPU), an application processor (AP), a digital signal processor (DSP), a
microcomputer, a field programmable gate array (FPGA), and programmable logic unit, a
microprocessor, application-specific integrated circuit (ASIC), a neural network processing
unit (NPU), an Electronic Control Unit (ECU), an Image Signal Processor (ISP), and the like.
In some example embodiments, the processing circuitry may include a non-transitory
computer readable storage device (e.g., a memory), for example a DRAM device, storing a
program of instructions, and a processor (e.g., CPU) configured to execute the program of

instructions to implement the functionality and/or methods performed by some or all of any
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devices, systems, modules, units, controllers, circuits, architectures, and/or portions thereof
according to any of the example embodiments, and/or any portions thereof.

[0153] While the inventive concepts have been particularly shown and described with
reference to some example embodiments thereof, it will be understood that various changes
in form and details may be made therein without departing from the spirit and scope of the

following claims.
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WHAT IS CLAIMED IS:

1. A nonvolatile memory device comprising:

a peripheral circuit structure comprising a peripheral circuit and a first insulating
structure covering the peripheral circuit; and

a cell array structure bonded to the peripheral circuit structure and comprising a cell
region and a connection region, the cell array structure including

a common source line layer;

a buffer insulating layer on the common source line layer;

a plurality of contact stop layers separated from the common source line
layer and buried in the buffer insulating layer;

a cell stack including a plurality of gate electrodes and a plurality of
insulating layers alternately stacked on the buffer insulating layer, and in which the
plurality of gate electrodes have a staircase shape in the connection region;

a plurality of cell channel structures extending to the common source line
layer by passing through the cell stack and the buffer insulating layer in the cell
region;

a plurality of contact structures respectively in contact with the plurality of
contact stop layers by passing through the cell stack in the connection region, and
each connected to one or more of the plurality of gate electrodes; and

a second insulating structure in contact with the first insulating structure

covering the cell stack.

2. The nonvolatile memory device of claim 1, wherein the plurality of contact
structures and the plurality of contact stop layers in contact with each other are formed

together and integrated.

3. The nonvolatile memory device of claim 1 or claim 2, wherein each of the
plurality of contact structures comprises:

a base contact portion; and

a pad connection portion protruding in a horizontal direction from the base contact
portion toward a connected gate electrode among the plurality of gate electrodes to be in

contact with the connected gate electrode among the plurality of gate electrodes.
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4. The nonvolatile memory device of claim 3, wherein each of the plurality of
gate electrodes comprises a pad portion in contact with the pad connection portion of each of
the plurality of contact structures in the connection region, and a thickness of the pad portion
is greater than a thickness of a portion of each of the plurality of gate electrodes in the cell

region.

5. The nonvolatile memory device of claim 4, wherein a thickness of the pad
connection portion is a same as the thickness of the pad portion.

6. The nonvolatile memory device of any one of claims 3 to 5, wherein a
horizontal width of each of the plurality of contact stop layers is greater than or equal to a
horizontal diameter of the base contact portion of each of the plurality of contact structures.

7. The nonvolatile memory device of any one of claims 3 to 6, wherein each of
the plurality of contact structures further comprises a protrusion portion protruding in the
horizontal direction from the base contact portion toward a non-connected gate electrode
among the plurality of gate electrodes, and a protruding length of the pad connection portion

from the base contact portion is greater than a protruding length of the protrusion portion.

8. The nonvolatile memory device of claim 7, further comprising an insulating
spacer between the protrusion portion of each of the plurality of contact structures and the

non-connected gate electrode among the plurality of gate electrodes.

9. The nonvolatile memory device of any one of claims 1 to 8, wherein, in the
cell region, a thickness of each of the plurality of gate electrodes and the plurality of

insulating layers is less than a height of the plurality of contact stop layers.

10. The nonvolatile memory device of any one of claims 1 to 9, wherein the

plurality of contact stop layers include a non-metal material.

11. A nonvolatile memory device comprising:
a peripheral circuit structure comprising
a substrate,

a peripheral circuit on the substrate,
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a first interconnect structure electrically connected to the peripheral circuit,

a plurality of first bonding pads electrically connected to the first
interconnect structure, and

a first insulating structure surrounding the peripheral circuit, the first
interconnect structure, and the plurality of first bonding pads on the substrate; and
a second structure comprising

a common source line layer,

a buffer insulating layer on the common source line layer,

a base insulating layer on the buffer insulating layer,

a cell stack which comprises a plurality of gate electrodes and a plurality of
insulating layers alternately stacked on the buffer insulating layer, and in which the
plurality of gate electrodes have a staircase shape in a connection region,

a plurality of cell channel structures extending to the common source line
layer by passing through the cell stack, the base insulating layer, and the buffer
insulating layer in a cell region,

a plurality of contact structures passing through the cell stack and the base
insulating layer in the connection region, and each connected to one or more of the
plurality of gate electrodes and comprising a contact stop portion separated from the
common source line layer and buried in the buffer insulating layer,

a second interconnect structure electrically connected to the plurality of cell
channel structures and the plurality of contact structures,

a plurality of second bonding pads electrically connected to the second
interconnect structure, and

a second insulating structure surrounding the cell stack, the second
interconnect structure, and the plurality of second bonding pads on the common
source line layer, the second insulating structure being in contact with the first
insulating structure, the plurality of second bonding pads bonded to the peripheral
circuit structure to correspond to the plurality of first bonding pads, and the cell

region and the connection region are included.

12. The nonvolatile memory device of claim 11, wherein an upper surface of the
contact stop portion is at a lower vertical level than an upper surface of the buffer insulating
layer, and a lower surface of the contact stop portion is at a same vertical level as a lower

surface of the buffer insulating layer.
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13. The nonvolatile memory device of claim 11 or claim 12, wherein each of the
plurality of contact structures comprises:

a base contact portion passing through the cell stack and the base insulating layer;

the contact stop portion connected to the base contact portion; and

a pad connection portion protruding in a horizontal direction from the base contact
portion toward a connected gate electrode among the plurality of gate electrodes to be in
contact with the connected gate electrode among the plurality of gate electrodes.

14, The nonvolatile memory device of claim 13, wherein a horizontal width of

the contact stop portion is greater than a horizontal diameter of the base contact portion.

15. The nonvolatile memory device of claim 13 or claim 14, wherein each of the
plurality of gate electrodes comprises a pad portion in contact with the pad connection
portion of each of the plurality of contact structures in the connection region, and a thickness
of the pad portion is greater than a thickness of a portion of each of the plurality of gate

electrodes in the cell region and is the same as a thickness of the pad connection portion.

16. The nonvolatile memory device of any one of claims 13 to 15, further
comprising a plurality of insulating spacers,

wherein each of the plurality of contact structures further comprises a protrusion
portion protruding in the horizontal direction from the base contact portion toward a non-
connected gate electrode among the plurality of gate electrodes, and each of the plurality of
insulating spacers is between the protrusion portion of each of the plurality of contact

structures and the non-connected gate electrode among the plurality of gate electrodes.

17. The nonvolatile memory device of any one of claims 11 to 16, wherein
vertical heights of the plurality of contact structures are identical to each other.

18. A memory system comprising:

a nonvolatile memory device comprising a peripheral circuit structure comprising a
peripheral circuit and a first insulating structure covering the peripheral circuit, and a cell
array structure bonded to the peripheral circuit structure and comprising a cell region and a

connection region; and
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a memory controller electrically connected to the nonvolatile memory device and
configured to control the nonvolatile memory device,
the cell array structure comprising

a common source line layer;

a buffer insulating layer on the common source line layer;

a plurality of contact stop layers separated from the common source line
layer and buried in the buffer insulating layer;

a cell stack which comprises a plurality of gate electrodes and a plurality of
insulating layers alternately stacked on the buffer insulating layer, and in which the plurality
of gate electrodes have a staircase shape in the connection region;

a plurality of cell channel structures extending to the common source line
layer by passing through the cell stack and the buffer insulating layer in the cell region;

a plurality of contact structures respectively in contact with the plurality of
contact stop layers by passing through the cell stack in the connection region, and each
connected to one or more of the plurality of gate electrodes; and

a second insulating structure in contact with the first insulating structure

while covering the cell stack.

19. The memory system of claim 18, wherein each of the plurality of contact
structures comprises:

a base contact portion in contact with one of the plurality of contact stop layers by
passing through the cell stack;

a pad connection portion protruding in a horizontal direction from the base contact
portion toward a connected gate electrode among the plurality of gate electrodes to be in
contact with the connected gate electrode among the plurality of gate electrodes;

a protrusion portion protruding in the horizontal direction from the base contact
portion toward a non-connected gate electrode among the plurality of gate electrodes; and

an insulating spacer between the protrusion portion of each of the plurality of contact

structures and the non-connected gate electrode among the plurality of gate electrodes.

20. The memory system of claim 19, wherein the plurality of contact structures
and the plurality of contact stop layers in contact with each other are formed together and
integrated, a horizontal width of each of the plurality of contact stop layers is greater than a

horizontal diameter of the base contact portion of each of the plurality of contact structures,
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and a height of each of the plurality of contact stop layers is greater than a thickness of each

of the plurality of insulating layers.
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