VERTICAL MEMORY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This patent application claims the benefit of Korean Patent Application No. 10-2020-
0060899, filed on 21 May 2020, in the Korean Intellectual Property Office, the disclosure of which

is incorporated herein in its entirety by reference.

TECHNICAL FIELD

[0002] Inventive concepts relate to a vertical memory device, and more particularly, to a vertical
memory device in which bit lines connected to a plurality of vertical channels exhibit electrical

characteristics that are uniform or substantially uniform therebetween.

BACKGROUND

[0003] As information communication devices become multifunctional, integrated circuit
devices including memory devices are required and/or desired to have larger capacity and be more
highly integrated. Along with the reduction in sizes of memory cells for higher integration,
operation circuits and wiring structures included in memory devices for operations and electrical
connections of the memory devices have been more complicated. Therefore, there is a
desire/demand for integrated circuit devices including memory devices that have structures having

excellent electrical characteristics while exhibiting improved degrees of integration.

SUMMARY

[0004] Inventive concepts provide a vertical memory device in which electrical characteristics of
respective bit lines are uniform therebetween.

[0005] According to some example embodiments of inventive concepts, there is provided a
memory device including a plurality of word lines on a substrate, the plurality of word lines
extending, in a horizontal direction that is parallel to a main surface of the substrate, the plurality
of word lines stacked in a vertical direction, a plurality of word line cut regions extending parallel
to each other in a first horizontal direction and defining widths of the plurality of word lines, the

widths in a second horizontal direction perpendicular to the first horizontal direction, a memory
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cell array comprising a plurality of channel structures extending on the substrate in the vertical
direction through the plurality of word lines and arranged in a honeycomb structure, a plurality of
contacts on the plurality of channel structures, and a plurality of bit lines connected to the plurality
of channel structures through the plurality of contacts. The memory cell array comprises a first
sub-array and a second sub-array, which are defined by the plurality of word line cut regions and
are connected to some identical bit lines from among the plurality of bit lines, and a layout of
contacts in the first sub-array from among the plurality of contacts is different from a layout of
contacts in the second sub-array from among the plurality of contacts.

[0006] According to some example embodiments of inventive concepts, there is provided a
memory device including a plurality of word lines extending on a substrate in a horizontal direction
parallel to a main surface of the substrate, the plurality of word lines overlapping each other in a
vertical direction, a plurality of word line cut regions extending parallel to each other in a first
horizontal direction and defining widths of the plurality of word lines in a second horizontal
direction, the second horizontal direction perpendicular to the first horizontal direction, a memory
cell array comprising a plurality of channel structures which extend, on the substrate in the vertical
direction through the plurality of word lines, a plurality of contacts arranged on the plurality of
channel structures, and a plurality of bit lines connected to the plurality of channel structures
through the plurality of contacts. The memory cell array comprises a first sub-array and a second
sub-array which are defined by the plurality of word line cut regions and are connected to first to
fourth bit lines from among the plurality of bit lines, and a layout of contacts in the first sub-array
from among the plurality of contacts is different from a layout of contacts in the second sub-array
from among the plurality of contacts.

[0007] According to some example embodiments of inventive concepts, there is provided a
memory device including a memory cell region including a first metal pad, and a peripheral circuit
region including a second metal pad, the peripheral circuit region vertically connected to the
memory cell region by the first metal pad and the second metal pad. The memory cell region
includes a plurality of word lines and a string select line, the plurality of word lines and the string
select line extending on a substrate in a horizontal direction parallel to a main surface of the
substrate, the plurality of word lines overlapping each other in a vertical direction, a plurality of
word line cut regions extending parallel to each other in a first horizontal direction and defining
widths of the plurality of word lines in a second horizontal direction that is perpendicular to the
first horizontal direction, a plurality of select line cut regions defining a width of the string select
line in the second horizontal direction, a memory cell array comprising a plurality of channel

structures, which extend, on the substrate, in the vertical direction through the plurality of word
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lines and are arranged in a honeycomb structure, a plurality of contacts on the plurality of channel
structure; and a plurality of bit lines connected to the plurality of channel structures through the
plurality of contacts. Two or more bit lines are arranged over one of the plurality of channel
structures and overlap the one channel structure in the vertical direction, the memory cell array
comprises a first sub-array and a second sub-array, the first sub-array and the second sub-array
defined by the plurality of word line cut regions and connected to first to fourth bit lines from
among the plurality of bit lines, and a layout of contacts in the first sub-array from among the
plurality of contacts is different from a layout of contacts in the second sub-array from among the
plurality of contacts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Some example embodiments of 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 illustrating a memory device in detail, according to some
example embodiments of inventive concepts;

[0010] FIG. 2is an equivalent circuit diagram of a memory block included in a memory cell area
of a memory device, according to some example embodiments of inventive concepts;

[0011] FIG. 3 shows diagrams each illustrating both an arrangement of a channel structure and
an arrangement of contacts connecting bit lines to the channel structure, in a memory device
according to inventive concepts;

[0012] FIG. 4 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts;

[0013] FIG. 5isa plan view illustrating a memory device according to inventive concepts;
[0014] FIG. 6 is a cross-sectional view of the memory device of FIG. 5, taken along a line I-1’ of
FIG. 5;

[0015] FIG. 7 is a plan view illustrating a memory device according to inventive concepts;
[0016] FIG. 8 is a diagram illustrating parasitic capacitance of channel structures connected to
each bit line of a memory device according to inventive concepts;

[0017] FIG. 9 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts;

[0018] FIGS. 10 and 11 are each a plan view illustrating a memory device according to inventive
concepts;

[0019] FIG. 12 is a diagram illustrating parasitic capacitance of channel structures connected to
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each bit line of a memory device according to inventive concepts;

[0020] FIG. 13 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts;

[0021] FIGS. 14 and 15 are each a plan view illustrating a memory device according to inventive
concepts;

[0022] FIG. 16 is a diagram illustrating parasitic capacitance of channel structures connected to
each bit line of a memory device according to inventive concepts;

[0023] FIG. 17 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts;

[0024] FIGS. 18 and 19 are each a plan view illustrating a memory device according to inventive
concepts;

[0025] FIG. 20 is a diagram illustrating parasitic capacitance of channel structures connected to
each bit line of a memory device according to inventive concepts;

[0026] FIGS. 21 and 22 are each a diagram illustrating a memory cell array of a memory device,
according to some example embodiments of inventive concepts;

[0027] FIG. 23 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts;

[0028] FIGS. 24 and 25 are each a plan view illustrating a memory device according to inventive
concepts; and

[0029] FIG. 26 is a block diagram illustrating a memory device having a chip-to-chip structure,

according to exemplary embodiment of inventive concepts.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

[0030] Hereinafter, some example embodiments of inventive concepts will be described in detail
with reference to the accompanying drawings.

[0031] FIG. 1 is a block diagram illustrating a memory device in detail, according to some
example embodiments of inventive concepts. FIG. 2 is an equivalent circuit diagram of a memory
block included in a memory cell area of a memory device, according to some example
embodiments of inventive concepts.

[0032] Referring to FIG. 1, a vertical memory device 10 may include a memory cell array 100, a
control logic 200, a voltage generator 300, a row decoder 400, and a page buffer 500.

[0033] The memory cell array 100 may include a plurality of memory cells and may be connected

to a plurality of word lines WL, a plurality of string select lines SSL, a plurality of ground select
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lines GSL, a common source line, and a plurality of bit lines BL. The memory cell array 100 may
be connected to the row decoder 400 via/through the plurality of word lines WL, the plurality of
string select lines SSL, and the plurality of ground select lines GSL and may be connected to the
page buffer 500 via/through the plurality of bit lines BL. In some example embodiments, the bit
lines BL may extend in a horizontal direction (for example, a Y-axis direction or a column
direction) parallel to a main surface of a substrate.

[0034] In some example embodiments, the memory device 10 may be or include a flash memory
device, and the memory cell array 100 may include a plurality of NAND strings (referred to as
"cell strings" hereinafter). Each of the cell strings may form a channel in a vertical direction, and
a plurality of cell strings may be provided apart from each other by as much as a certain distance
in an X-axis direction and in the Y-axis direction. The memory device 10 may include a word line
structure in which the plurality of word lines WL are stacked, and the cell strings may be formed
in channel structures formed through the word line structure in a vertical direction (for example, a
Z-axis direction).

[0035] The memory cell array 100 may include a plurality of memory blocks BLK1 to BLKz.
For example, each of the plurality of memory blocks BLK1 to BLKz may have a 3-dimensional
structure, or a vertical structure. A circuit diagram of a plurality of memory blocks included in the
memory cell array 100 will be described below with reference to FIG. 2.

[0036] The memory blocks BLK1 to BLKz may be selected by the row decoder 400. For example,
the row decoder 400 may select a memory block corresponding to a block address from among
the memory blocks BLK1 to BLKz. In some example embodiments, an erase operation may be
performed on the basis of each of the memory blocks BLK1 to BLKz.

[0037] Referring to FIG. 2, a memory block BLK included in the memory cell array 100 may be
or correspond to one of the plurality of memory blocks BLK1 to BLKz. The memory block BLK
may include a plurality of memory cell strings MS. The memory block BLK may include bit lines
BL1 to BLm, word lines WL1 to WLn, string select lines SSL1 to SSLm, at least one ground select
line GSL, and a common source line CSL. The bit lines BL1 to BLm may be or correspond to at
least some of the plurality of bit lines BL of FIG. 1, the word lines WL1 to WLn may be or
correspond to at least some of the plurality of word lines WL of FIG. 1, and the string select lines
SSL1 to SSLm may be at least some of the plurality of string select lines SSL of FIG. 1. The
plurality of memory cell strings MS may be formed between the bit lines BL1 to BLm and the
common source line CSL.

[0038] 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 to MCn. A drain
5



region of the string select transistor SST may be connected to the bit lines BL, 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 or correspond to a region to which source regions of a plurality
of ground select transistors GST are commonly connected.

[0039] To independently control each of the plurality of memory cell strings MS, the string select
transistor SST included in each of the plurality of memory cell strings MS may be connected to a
different string select line. For example, the string select transistor SST may be connected to a
string select line (for example, one of SSL1, SSL2, and SSL3)

[0040] The ground select transistor GST may be connected to a ground select line GSL. In some
example embodiments, although different ground select transistors GST included in the plurality
of memory cell strings MS of the memory block BLK may be connected to the same ground select
line GSL, example embodiments are not limited thereto, and the ground select transistors GST
may be connected to different ground select lines GSL.

[0041] The plurality of memory cell transistors MC1 to MCn may be respectively connected to
the plurality of word lines WL1 to WLn. The plurality of memory cell transistors MC1 to MCn
constituting/corresponding to a memory cell string MS in the memory block BLK may be
connected to each other in series in the Z-axis direction that is perpendicular to the main surface
of the substrate.

[0042] Referring again to FIG. 1, the control logic 200 may control various components included
in the memory device 10. The control logic 200 may output various internal control signals for
programming data into the memory cell array 100 or reading data from the memory cell array 100,
based on a command CMD, an address ADDR, and a control signal CTRL, which are received
from a memory controller outside the memory device 10. For example, the control logic 200 may
output a voltage control signal CTRL_vol for controlling levels of various voltages generated by
the voltage generator 300. The control logic 200 may provide a row address X-ADDR to the row
decoder 400 and may provide a column address Y-ADDR to the page buffer 500.

[0043] The voltage generator 300 may generate various voltages used in the memory device 10,
for example, a word line voltage VWL, a string select line voltage VSSL, and/or a ground select
line voltage VGSL. Alternatively or additionally, the voltage generator 300 may generate a
common source line voltage, and a substrate voltage applied to the substrate on which the memory
cell array 100 is formed.

[0044] The row decoder 400 may select at least one of word lines of a selected memory block, in
response to the row address X-ADDR. In some example embodiments, during a pre-program

operation, the row decoder 400 may apply the word line voltage VWL to at least one of the
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plurality of word lines WL, in response to the row address X-ADDR.

[0045] The page buffer 500 may operate as a write driver and/or a sense amplifier. For example,
during a program operation, the page buffer 500 may transfer, to the bit lines BL, a voltage
corresponding to data to be programmed. Alternatively or additionally, during a read operation,
the page buffer 500 may sense, through the bit lines BL, data stored in a selected memory cell and
transfer the data to an input/output buffer. The input/output buffer may transfer data input thereto
to the page buffer 500 or may output data provided from the page buffer 500 to the outside of the
memory device 10.

[0046] In the memory device 10 according to inventive concepts, contacts connecting channel
structures to the bit lines BL may be arranged, e.g. may have a layout arranged by taking into
account parasitic capacitances generated between the channel structures according to an
arrangement of the channel structures forming a cell string. Accordingly, electrical characteristics
of the respective bit lines BL which may be caused by the parasitic capacitances between the
channel structures connected to each of the bit lines BL may be uniform or substantially uniform
therebetween.

[0047] FIG. 3 shows diagrams each illustrating both an arrangement of a channel structure and
an arrangement of contacts connecting bit lines to the channel structure, in a memory device
according to inventive concepts.

[0048] Referring to FIG. 3, a plurality of channel structures may include first to fourth channel
structures C1 to C4 electrically connected to first to fourth bit lines BL1 to BL4. The plurality of
channel structures may be arranged in a honeycomb structure, e.g. in a hexagonal or regular
hexagonal structure. For example, the plurality of channel structures may be arranged in a zigzag
manner. The first channel structure C1 and the second channel structure C2 may be arranged in
alignment with each other in the Y-axis direction, and the third channel structure C3 and the fourth
channel structure C4 may be arranged in alignment with each other in the Y-axis direction. In some
example embodiments, although a reference distance CSP, which is a distance between channel
structures arranged closest to each other, may be greater than a width or diameter CSW of each of
the plurality of channel structures, the memory device according to inventive concepts is not
limited thereto.

[0049] A plurality of bit lines, for example, first to fourth bit lines BL1 to BL4, may be arranged
over the plurality of channel structures to extend in the Y-axis direction and may be apart from
each other in the X-axis direction. In some example embodiments, a pitch or gap BLP between the
first to fourth bit lines BL1 to BL4 may be less than the diameter or width CSW of each of the

plurality of channel structures. In some example embodiments, two or more bit lines may be
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arranged over one channel structure to overlap the one channel structure in the Z-axis direction.
For example, the first bit line BL1 and the second bit line BL2 may be arranged over the first
channel structure C1 and the second channel structure C2, and each of the first channel structure
C1 and the second channel structure C2 may be connected to a corresponding one of the first bit
line BL1 and the second bit line BL2. Alternatively, for example, the third bit line BL3 and the
fourth bit line BL4 may be arranged over the third channel structure C3 and the fourth channel
structure C4, and each of the third channel structure C3 and the fourth channel structure C4 may
be connected to a corresponding one of the third bit line BL3 and the fourth bit line BL4.

[0050] The first to fourth channel structures C1 to C4 may be electrically connected to the first
to fourth bit lines BL1 to BL4 via or through a plurality of contacts CNT. There are at least four
possible methods for connecting each of the four channel structures, that is, each of the first to
fourth channel structures C1 to C4, to a corresponding bit line from among the first to fourth bit
lines BL1 to BL4, and there are also at least four possible methods for arranging the plurality of
contacts CNT.

[0051] Referring to FIG. 3(a), the plurality of contacts CNT may be arranged in a first
layout/arrangement structure CG1. For example, in the first arrangement structure CG1 of the
plurality of contacts CNT, the first channel structure C1 may be connected to the second bit line
BL2, the second channel structure C2 may be connected to the first bit line BL1, the third channel
structure C3 may be connected to the fourth bit line BL4, and the fourth channel structure C4 may
be connected to the third bit line BL3.

[0052] Referring to FIG. 3(b), the plurality of contacts CNT may be arranged in a second
layout/arrangement structure CG2. For example, in the second arrangement structure CG2 of the
plurality of contacts CNT, the first channel structure C1 may be connected to the first bit line BL1,
the second channel structure C2 may be connected to the second bit line BL2, the third channel
structure C3 may be connected to the third bit line BL3, and the fourth channel structure C4 may
be connected to the fourth bit line BL4.

[0053] Referring to FIG. 3(c), the plurality of contacts CNT may be arranged in a third
layout/arrangement structure CG3. In the third arrangement structure CG3 of the plurality of
contacts CNT, the first channel structure C1 may be connected to the second bit line BL2, the
second channel structure C2 may be connected to the first bit line BL1, the third channel structure
C3 may be connected to the third bit line BL3, and the fourth channel structure C4 may be
connected to the fourth bit line BLA4.

[0054] Referring to FIG. 3(d), the plurality of contacts CNT may be arranged in a fourth

layout/arrangement structure CG4. In the fourth arrangement structure CG4 of the plurality of
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contacts CNT, the first channel structure C1 may be connected to the first bit line BL1, the second
channel structure C2 may be connected to the second bit line BL2, the third channel structure C3
may be connected to the fourth bit line BL4, and the fourth channel structure C4 may be connected
to the third bit line BLS3.

[0055] Each of the plurality of channel structures may have various magnitudes of/amounts of
parasitic capacitances caused by other channel structures arranged adjacent thereto. Each of the
plurality of channel structures may have an increasing magnitude of parasitic capacitance with an
increasing number of other channel structures arranged adjacent thereto and with decreasing
distances from other channel structures arranged adjacent thereto. Accordingly, to uniformly or
more uniformly manage electrical characteristics caused to the respective plurality of bit lines due
to the parasitic capacitance of each of the plurality of channel structures, in the memory device
according to inventive concepts, the plurality of contacts CNT connecting the plurality of channel
structures to the plurality of bit lines may be arranged by taking into account the arrangement of
the plurality of channel structures. For the channel structures formed in the memory cell array, the
contacts CNT having at least one of the first to fourth arrangement structures CG1 to CG4 shown
in FIGS. 3(A) to 3(D) may be selectively formed.

[0056] FIG. 4 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts.

[0057] Referring to FIG. 4, the memory cell array 100 may be connected to a plurality of bit lines
BL1 to BLj (for example, BL of FIG. 1). The memory cell array 100 may include a plurality of
sub-arrays partitioned by a plurality of word line cuts. For example, the memory cell array 100
may include sub-arrays partitioned by the plurality of word line cuts and connected to first to fourth
bit lines BL1 to BL4, and the sub-arrays may include a first sub-array SA1 and a second sub-array
SA2. Although FIG. 4 illustrates only the first sub-array SA1 and the second sub-array SA2 for
convenience of description, the memory cell array 100 may further include sub-arrays connected
to other bit lines BL5 to BLj, and sub-arrays other than the first sub-array SA1 and the second sub-
array SA2 may be alternatively or additionally connected to the first to fourth bit lines BL1 to BLA4.
[0058] In some example embodiments, the first sub-array SAL1 and the second sub-array SA2
may be arranged adjacent to each other. Alternatively, in some example embodiments, the first
sub-array SA1 and the second sub-array SA2 may be apart from each other by arranging another
sub-array between the first sub-array SA1 and the second sub-array SA2.

[0059] In some example embodiments, the first sub-array SAL1 and the second sub-array SA2
may be different from each other in an arrangement structure of contacts that connect channel

structures to the first to fourth bit lines BL1 to BL4. For example, the contacts having the first
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arrangement structure CG1 of FIG. 3, e.g. FIG. 3(a), may be formed in the first sub-array SAL,
and the contacts having the second arrangement structure CG2 of FIG. 3, e.g. FIG. 3(b), may be
formed in the second sub-array SA2. Because the arrangement structure of the contacts in the first
sub-array SAL is different from the arrangement structure of the contacts in the second sub-array
SA2, differences in electrical characteristics between the first to fourth bit lines BL1 to BL4 due
to differences in parasitic capacitance between the channel structures included in the first sub-
array SA1 may be canceled out by using differences in parasitic capacitance between the channel
structures included in the second sub-array SA2. Accordingly, electrical characteristics of the first
to fourth bit lines BL1 to BL4 may be uniform or more uniform therebetween.

[0060] However, the memory cell array 100 according to inventive concepts is not limited to
including the first sub-array SA1, which includes the contacts having the first arrangement
structure CG1, and the second sub-array SA2, which includes the contacts having the second
arrangement structure CG2. The memory cell array 100 according to inventive concepts may
include a particular sub-array that includes contacts having at least one arrangement structure
selected from the first to fourth arrangement structures CG1 to CG4 of FIG. 3, and may include
another sub-array for canceling out differences in parasitic capacitance between channel structures
included in the particular sub-array.

[0061] FIG. 5 is a plan view illustrating a memory device according to inventive concepts and is
for explaining the first sub-array of FIG. 4. FIG. 6 is a cross-sectional view of the memory device
of FIG. 5, taken along a line I-1’ of FIG. 5.

[0062] Referring to FIG. 5, in the first sub-array SA1, a word line cut region WLC1 may be
formed at a boundary in the Y-axis direction, and a word line cut region WLC2 may be formed at
a boundary in an opposite direction to the Y-axis direction. The first sub-array SA1 may be defined
by the word line cut regions WLC1 and WLC2 and may be separated from other sub-arrays.
[0063] The first sub-array SA1 may include a plurality of channel structures CS. The plurality of
channel structures CS may be arranged in a honeycomb structure, e.g. a regular or irregular
honeycomb structure, e.g. an irregular hexagonal structure or regular hexagonal structure.

[0064] The first sub-array SA1 may include first to fourth channel groups CA1 to CA4. An
arrangement structure of a plurality of channel structures CS included in the first channel group
CA1 may be consistent with that obtained by shifting, in the Y-axis direction, the arrangement
structure of the plurality of channel structures CS included in the second channel group CAZ2.
Alternatively or additionally, the arrangement structure of the plurality of channel structures CS
included in the second channel group CA2 may be consistent with that obtained by shifting, in the

Y-axis direction, the arrangement structure of the plurality of channel structures CS included in
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the third channel group CA3, and the arrangement structure of the plurality of channel structures
CS included in the third channel group CA3 may be consistent with that obtained by shifting, in
the Y-axis direction, the arrangement structure of the plurality of channel structures CS included
in the fourth channel group CA4.

[0065] A first select line cut region SSLC1 may be formed at a boundary between the first
channel group CA1 and the second channel group CA2, a second select line cut region SSLC2
may be formed at a boundary between the second channel group CA2 and the third channel group
CA3, and a third select line cut region SSLC3 may be formed at a boundary between the third
channel group CA3 and the fourth channel group CA4. The first to fourth channel groups CA1 to
CA4 may be defined by the word line cut regions WLC1 and WLC2, the first select line cut region
SSLC1, the second select line cut region SSLC2, and the third select line cut region SSLC3.
[0066] In some example embodiments, the channel structures CS may not be formed in the first
select line cut region SSLC1, the second select line cut region SSLC2, and the third select line cut
region SSLC3, and the first select line cut region SSLC1, the second select line cut region SSLC2,
and the third select line cut region SSLC3 may be apart from the channel structures CS.

[0067] In some example embodiments, each of the first to third select line cut regions SSLC1 to
SSLC3 may have a wave shape from a top/down perspective or from the viewpoint of a plane (for
example, an X-Y plane) parallel to the main surface of the substrate to secure a certain distance
from the channel structures CS. Although FIG. 5 illustrates an example in which three select line
cut regions are formed in one sub-array, the memory device according to inventive concepts is not
limited thereto. As shown in FIG. 24, the number of select line cut regions formed between the
word line cut regions WLC1 and WLC2 may be variously changed, and the number of channel
groups included in the first sub-array SA1 may also be variously changed.

[0068] The magnitude of parasitic capacitance of each of the plurality of channel structures CS
may vary with the number of other channel structures adjacent thereto and/or distances from the
other channel structures. The magnitude of parasitic capacitance of each of the plurality of channel
structures CS may increase with the increasing number of the other channel structures adjacent
thereto and/or with the decreasing distances from the other channel structures.

[0069] For example, first-type channel structures CS1 arranged closest to the word line cut
regions WLC1 and WLC2 may be far away from other channel structures by as much as a certain
distance or more due to the word line cut regions WLC1 and WLC2. A first parasitic capacitance
of the first-type channel structures CS1 may be relatively small.

[0070] In addition, for example, a second parasitic capacitance of second-type channel structures

CS2, which are arranged closest to one of the first select line cut region SSLC1, the second select
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line cut region SSLC2, and the third select line cut region SSLC3, may be greater than the first
parasitic capacitance of the first-type channel structures CS1. Because word lines are not removed
and string select lines are removed from the first select line cut region SSLCL1, the second select
line cut region SSLC2, and the third select line cut region SSLC3 and a width of each of the first
select line cut region SSLC1, the second select line cut region SSLC2, and the third select line cut
region SSLC3 may be less than a width of each of the word line cut regions WLC1 and WLC2,
the second parasitic capacitance of the second-type channel structures CS2 may be greater than
the first parasitic capacitances of the first-type channel structures CS1.

[0071] On the other hand, a third parasitic capacitance of third-type channel structures CS3,
which are relatively far from the word line cut regions WLC1 and WLC2, the first select line cut
region SSLCL1, the second select line cut region SSLC2, and the third select line cut region SSLC3
and are surrounded by other channel structures, may be greater than the second parasitic
capacitance of the second-type channel structures CS2.

[0072] Although FIG. 5 illustrates only the first sub-array SA1 connected to the first to fourth bit
lines BL1 to BL4, another sub-array adjacent to the first sub-array SAL in the X-axis direction
may also include the plurality of channel structures CS, and another sub-array adjacent to the first
sub-array SA1 in an opposite direction to the X-axis direction may also include the plurality of
channel structures CS. Because the plurality of channel structures CS are arranged in a
hexagonal/regular hexagonal/honeycomb structure, each of the first-type channel structures CS1
and the second-type channel structures CS2 may be arranged adjacent to two other channel
structures by as much as a reference distance (for example, CSP of FIG. 3). On the other hand,
each of the third-type channel structures CS3 may be arranged adjacent to four other channel
structures by as much as the reference distance (for example, CSP of FIG. 3).

[0073] Each of the first to fourth bit lines BL1 to BL4 may be connected to one channel structure
included in the first channel group CAL, one channel structure included in the second channel
group CA2, one channel structure included in the third channel group CA3, and one channel
structure included in the fourth channel group CA4 through/via the plurality of contacts CNT. In
some example embodiments, in each of the first to fourth channel groups CA1 to CA4, the same
contact group may be repeatedly formed. For example, in each of the first to fourth channel groups
CA1 to CA4, the contacts CNT having the first arrangement structure CG1 may be formed. The
first arrangement structure CG1 may refer to the same contact arrangement type as the first
arrangement structure CG1 described with reference to FIG. 3.

[0074] Referringto FIGS. 5 and 6, a substrate 102 of the memory device may have a main surface

extending in the X-axis direction and the Y-axis direction. In some example embodiments, the
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substrate 102 may include undoped or doped, e.g. lightly doped Si, Ge, or SiGe. In another
example embodiment, the substrate 102 may include an undoped or doped, e.g. lightly doped,
silicon-on-insulator (SOI) substrate or a germanium-on-insulator (GeOl) substrate.

[0075] A plurality of word lines WL1 to WLn may extend, over the substrate 102, in a horizontal
direction parallel to the main surface of the substrate 102, that is, along the X-Y plane, and may
be arranged apart from each other in a vertical direction (Z-axis direction) perpendicular to the
main surface of the substrate 102 to overlap each other in the vertical direction.

[0076] The word line cut regions WLC1 and WLC2 may extend in the X-axis direction parallel
to the main surface of the substrate 102. The word line cut regions WLC1 and WLC2 may define
widths of the plurality of word lines WL1 to WLn in the Y-axis direction. The plurality of word
lines WL1 to WLn may be repeatedly arranged at regular intervals to be apart from each other by
the word line cut regions WLC1 and WLC2.

[0077] A plurality of common source regions 172 may extend, in the substrate 102, in the X-axis
direction. In some example embodiments, the plurality of common source regions 172 may be or
include impurity regions doped with n-type impurities such as phosphorus and/or arsenic at a high
concentration. The plurality of common source regions 172 may function as source regions
providing current to vertical memory cells.

[0078] An insulating spacer 192 and a common source line CSL may be formed in each of the
word line cut regions WLC1 and WLC2. A plurality of common source lines CSL may extend in
the X-axis direction on the plurality of common source regions 172. The plurality of common
source lines CSL may be formed on one side of a pair of ground select lines GSL, the plurality of
word lines WL1 to WLn, and a pair of string select lines SSL1 to partially fill the word line cut
regions WLC1 and WLC2.

[0079] Between two adjacent word line cut regions WLC1 and WLC2, at least one ground select
line GSL, the plurality of word lines WL1 to WLn, and at least one string select line SSL1 may be
stacked, e.g. sequentially stacked in this stated order. Although FIG. 5 illustrates an example in
which one ground select line GSL, the plurality of word lines WL1 to WLn, and one string select
line SSL1 are sequentially stacked over the substrate 102 in the vertical direction, this is for
convenience of description, and inventive concepts are not limited to the illustrated example. Two
string select lines SSL1 adjacent in the Y-axis direction may be separated from each other by the
first to third select line cut regions SSLC1 to SSLC3. The first to third select line cut regions
SSLC1 to SSLC3 may define a width of the string select line SSL1 in the Y-axis direction. The
first to third select line cut regions SSLC1 to SSLC3 may be filled with an insulating film 174.

The insulating film 174 may include an oxide film, a nitride film, or a combination thereof. The
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first to third select line cut regions SSLC1 to SSLC3 may be at least partially filled with an air gap.
[0080] The at least one ground select line GSL, the plurality of word lines WL1 to WLn, and the
at least one string select line SSL1 may each include a metal, a metal silicide, an impurity-doped
semiconductor such as doped polysilicon, or a combination thereof. For example, the at least one
ground select line GSL, the plurality of word lines WL1 to WLn, and the at least one string select
line SSL1 may each include a metal such as tungsten, nickel, cobalt, or tantalum, a metal silicide
such as tungsten silicide, nickel silicide, cobalt silicide, or tantalum silicide, impurity-doped
polysilicon, or a combination thereof.

[0081] Between the substrate 102 and the at least one ground select line GSL, and between the
at least one ground select line GSL, the plurality of word lines WL1 to WLn, and the at least one
string select line SSL1, an insulating film 176 may be arranged. The insulating film 176 may
include silicon oxide, silicon nitride, silicon oxynitride, or a combination thereof.

[0082] The plurality of channel structures CS may extend in the Z-axis direction through the at
least one ground select line GSL, the plurality of word lines WL1 to WLn, the at least one string
select line SSL1, and a plurality of insulating films 176. The plurality of channel structures CS
may be arranged apart from each other by as much as certain intervals in the X-axis direction and
the Y-axis direction.

[0083] Each of the plurality of channel structures CS may include a gate dielectric 182, a channel
region 184, an insulating film 186, and a drain region 188. In some example embodiments, between
the gate dielectric 182 and the ground select line GSL, between the gate dielectric 182 and the
plurality of word lines WL1 to WLn, and between the gate dielectric 182 and the string select line
SSL1, a barrier metal layer may be formed.

[0084] The channel region 184 may include doped polysilicon and/or un-doped polysilicon. The
channel region 184 may have a cylinder shape, e.g. a tapering-cylinder shape. An inner space of
the channel region 184 may be filled with the insulating film 186.

[0085] The insulating film 186 may include an insulating material. For example, the insulating
film 186 may include silicon oxide, silicon nitride, silicon oxynitride, or a combination thereof. In
some example embodiments, the insulating film 186 may be omitted, and in this case, the channel
region 184 may have a pillar structure having no inner space.

[0086] The drain region 188 may include an impurity-doped polysilicon layer. A plurality of
drain regions 188 may be insulated from each other by an insulating film 187. The insulating film
187 may include an oxide film, a nitride film, or a combination thereof.

[0087] Each drain region 188 may be connected to one corresponding first bit line BL1 from

among the plurality of bit lines (for example, BL of FIG. 1) through/via the plurality of contacts
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CNT. The plurality of contacts CNT may be insulated from each other by an insulating film 193.
[0088] FIG. 7 is a plan view illustrating a memory device according to inventive concepts and is
for explaining the second sub-array of FIG. 4. In descriptions regarding FIG. 7, repeated
descriptions given with reference to FIG. 5 will be omitted.

[0089] Referring to FIG. 7, in the second sub-array SA2, the word line cut regions WLC1 and
WLC2 may be respectively formed at a boundary in the Y-axis direction and a boundary in an
opposite direction to the Y-axis direction. The second sub-array SA2 may be defined by the word
line cut regions WLC1 and WLC2.

[0090] The second sub-array SA2 may include the first to fourth channel groups CA1 to CA4.
The second sub-array SA2 may include the plurality of channel structures CS arranged in a
honeycomb structure, e.g. a hexagonal structure or a regular-hexagonal structure.

[0091] Each of the first to fourth bit lines BL1 to BL4 may be connected to one channel structure
included in the first channel group CAL, one channel structure included in the second channel
group CA2, one channel structure included in the third channel group CA3, and one channel
structure included in the fourth channel group CA4 through/via the plurality of contacts CNT.
[0092] The second sub-array SA2 may be different from the first sub-array SA1 of FIG. 5 in an
arrangement of the contacts CNT. In some example embodiments, the contacts CNT having the
second arrangement structure CG2 may be formed in each of the first to fourth channel groups
CALl to CA4. The second arrangement structure CG2 may refer to the same contact arrangement
type as the second arrangement structure CG2 described with reference to FIG. 3.

[0093] FIG. 8 is a diagram illustrating parasitic capacitances of channel structures connected to
each bit line of a memory device according to inventive concepts.

[0094] Referring to FIGS. 5 and 8, as the contacts CNT having the first arrangement structure
CG1 are repeatedly arranged in each of the first to fourth channel groups CA1 to CA4, a contact
arrangement structure of the first sub-array SA1 may be referred to as CG1-CG1-CG1-CG1.
[0095] To approximately calculate numbers corresponding to/related to/proportional to the
parasitic capacitances, the first parasitic capacitance of the first-type channel structure CS1 may
be defined as "1", the second parasitic capacitance of the second-type channel structure CS2 may
be defined as "2", and the third parasitic capacitance of the third-type channel structure CS3 may
be defined as "3". Unless explicitly disclosed herein, terms such as “first parasitic capacitance”,
“second parasitic capacitance”, “third parasitic capacitance”, etc. may represent numerical values
in arbitrary units.

[0096] The third-type channel structure CS3 of the first channel group CAL, the third-type

channel structure CS3 of the second channel group CA2, the third-type channel structure CS3 of
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the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to each of the first bit line BL1 and the fourth bit line BL4. Accordingly,
a sum of parasitic capacitances of the channel structures CS of the first sub-array SA1, which are
connected to each of the first bit line BL1 and the fourth bit line BL4, may be or be proportional
to "3+3+3+3=12".

[0097] Alternatively or additionally, the first-type channel structure CS1 of the first channel
group CAL, the second-type channel structure CS2 of the second channel group CA2, the second-
type channel structure CS2 of the third channel group CA3, and the second-type channel structure
CS2 of the fourth channel group CA4 may be connected to the second bit line BL2. Accordingly,
the sum of the parasitic capacitances of the channel structures CS of the first sub-array SA1, which
are connected to the second bit line BL2, may be or may be proportional to “1+2+2+2=7".

[0098] On the other hand, the second-type channel structure CS2 of the first channel group CA1,
the second-type channel structure CS2 of the second channel group CA2, the second-type channel
structure CS2 of the third channel group CA3, and the first-type channel structure CS1 of the fourth
channel group CA4 may be connected to the third bit line BL3. Accordingly, the sum of the
parasitic capacitances of the channel structures CS of the first sub-array SA1, which are connected
to the third bit line BL3, may be or be proportional to "2+2+2+1=7".

[0099] Referringto FIGS. 7 and 8, as the contacts CNT having the second arrangement structure
CG2 are repeatedly arranged in each of the first to fourth channel groups CA1 to CA4, a contact
arrangement structure of the second sub-array SA2 may be referred to as CG2-CG2-CG2-CG2.
[0100] The third-type channel structure CS3 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to each of the second bit line BL2 and the third bit line BL3. Accordingly,
the sum of the parasitic capacitances of the channel structures CS of the second sub-array SA2,
which are connected to each of the second bit line BL2 and the third bit line BL3, may be or may
be proportional to “3+3+3+3=12".

[0101] Alternatively or additionally, the first-type channel structure CS1 of the first channel
group CAL, the second-type channel structure CS2 of the second channel group CA2, the second-
type channel structure CS2 of the third channel group CA3, and the second-type channel structure
CS2 of the fourth channel group CA4 may be connected to the first bit line BL1. Accordingly, the
sum of the parasitic capacitances of the channel structures CS of the second sub-array SA2, which
are connected to the first bit line BL1, may be or may be proportional to “1+2+2+2=7",

[0102] On the other hand, the second-type channel structure CS2 of the first channel group CAL,
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the second-type channel structure CS2 of the second channel group CA2, the second-type channel
structure CS2 of the third channel group CA3, and the first-type channel structure CS1 of the fourth
channel group CA4 may be connected to the fourth bit line BL4. Accordingly, the sum of the
parasitic capacitances of the channel structures CS of the second sub-array SA2, which are
connected to the fourth bit line BL4, may be or may be proportional to “2+2+2+1=7".

[0103] Referring to FIGS. 4 and 8, assuming that all sub-arrays connected to the first to fourth
bit lines BL1 to BL4 include the contacts CNT arranged in the type of CG1-CG1-CG1-CG1, the
first bit line BL1 and the fourth bit line BL4 may have bit line loads that are greater than those of
the second bit line BL2 and the third bit line BL3, and electrical characteristics may vary for each
bit line.

[0104] The memory cell array 100 of the memory device according to inventive concepts
includes sub-arrays (for example, the first sub-array SA1 and the second sub-array SA2), which
are different from each other in an arrangement structure of contacts that connect channel
structures to bit lines corresponding to the channel structures, whereby parasitic capacitances of
the channel structures connected to each bit line may be maintained uniform, and electrical
characteristics may be uniform for each bit line.

[0105] The arrangement of the contacts CNT formed in the first sub-array SA1 shown in FIG. 5
and the arrangement of the contacts CNT formed in the second sub-array SA2 shown in FIG. 7 are
merely examples according to inventive concepts, and the memory device according to inventive
concepts is not limited thereto. In the memory device according to inventive concepts, the contacts
having the first to fourth arrangement structures CG1 to CG4 of FIG. 3 may be variously formed
in the memory cell array 100 for electrical characteristics of the bit lines BL1 to BLj to be uniform.
For example, the memory cell array 100 may include a sub-array including the first to fourth
channel groups CALl to CA4, in which the contacts having the third arrangement structure CG3
are repeatedly arranged, or may include a sub-array including the first to fourth channel groups
CALl to CA4, in which the contacts having the fourth arrangement structure CG4 are repeatedly
arranged.

[0106] FIG. 9 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts. In descriptions regarding FIG. 9, repeated
descriptions given with reference to FIG. 4 will be omitted.

[0107] Referring to FIG. 9, a memory cell array 100a may include a third sub-array SA3 and a
fourth sub-array SA4, which are defined by a plurality of word line cuts and connected to the first
to fourth bit lines BL1 to BLA4.

[0108] The contacts having the first arrangement structure CG1 and the second arrangement
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structure CG2 of FIG. 3 may be formed in each of the third sub-array SA3 and the fourth sub-array
SA4. In some example embodiments, the third sub-array SA3 and the fourth sub-array SA4 may
be different from each other in an arrangement structure of contacts that connect channel structures
to the first to fourth bit lines BL1 to BL4. Differences between bit line loads caused to the first to
fourth bit lines BL1 to BL4 due to differences in parasitic capacitance between the channel
structures included in the third sub-array SA3 may be canceled out or substantially cancelled out
by using differences in parasitic capacitance between the channel structures included in the fourth
sub-array SA4. The bit line loads respectively occurring in the first to fourth bit lines BL1 to BL4
due to the parasitic capacitances of the channel structures may be uniform therebetween.

[0109] FIGS. 10 and 11 are each a plan view illustrating a memory device according to inventive
concepts and are respectively for explaining the third sub-array and the fourth sub-array of FIG. 9.
In descriptions regarding FIGS. 10 and 11, repeated descriptions given with reference to FIGS. 5
and 7 will be omitted.

[0110] Referringto FIG. 10, the third sub-array SA3 may be defined by the word line cut regions
WLC1 and WLC2. The third sub-array SA3 may include the first to fourth channel groups CA1
to CA4 and may include the plurality of channel structures CS arranged in a honeycomb structure.
[0111] The contacts CNT having the first arrangement structure CG1, the contacts CNT having
the first arrangement structure CG1, the contacts CNT having the second arrangement structure
CG2, and the contacts CNT having the second arrangement structure CG2 may be respectively
arranged in the first to fourth channel groups CA1 to CA4 of the third sub-array SA3 in this stated
order. The first arrangement structure CG1 and the second arrangement structure CG2 may
respectively refer to the same contact arrangement types as the first arrangement structure CG1
and the second arrangement structure CG2 described with reference to FIG. 3.

[0112] Referring to FIG. 11, the fourth sub-array SA4 may be defined by the word line cut
regions WLC1 and WLC2. The fourth sub-array SA4 may include the first to fourth channel
groups CAl to CA4 and may include the plurality of channel structures CS arranged in a
honeycomb structure.

[0113] The contacts CNT having the second arrangement structure CG2, the contacts CNT
having the second arrangement structure CG2, the contacts CNT having the first arrangement
structure CG1, and the contacts CNT having the first arrangement structure CG1 may be
respectively arranged in the first to fourth channel groups CA1 to CA4 of the fourth sub-array SA4
in this stated order. The first arrangement structure CG1 and the second arrangement structure
CG2 may respectively refer to the same contact arrangement types as the first arrangement

structure CG1 and the second arrangement structure CG2 described with reference to FIG. 3.
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[0114] FIG. 12 is a diagram illustrating parasitic capacitance of channel structures connected to
each bit line of a memory device according to inventive concepts.

[0115] Referring to FIGS. 10 and 12, as the contacts CNT having the first arrangement structure
CG1, the contacts CNT having the first arrangement structure CG1, the contacts CNT having the
second arrangement structure CG2, and the contacts CNT having the second arrangement structure
CG2 are respectively arranged in the first to fourth channel groups CA1 to CA4 in this stated order,
a contact arrangement structure of the third sub-array SA3 may be referred to as CG1-CG1-CG2-
CG2.

[0116] The third-type channel structure CS3 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the second-type channel structure CS2 of the fourth channel
group CA4 may be connected to the first bit line BL1. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the third sub-array SA3, which are connected to the
first bit line BL1, may be or may be proportional to “3+3+2+2=10".

[0117] The first-type channel structure CS1 of the first channel group CA1, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to the second bit line BL2. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the third sub-array SA3, which are connected to the
second bit line BL2, may be or may be proportional to “1+2+3+3=9".

[0118] The second-type channel structure CS2 of the first channel group CA1, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to the third bit line BL3. Accordingly, the sum of the parasitic capacitances
of the channel structures CS of the third sub-array SA3, which are connected to the third bit line
BL3, may be or may be proportional to “2+2+3+3=10".

[0119] The third-type channel structure CS3 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the first-type channel structure CS1 of the fourth channel
group CA4 may be connected to the fourth bit line BL4. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the third sub-array SA3, which are connected to the
fourth bit line BL4, may be or may be proportional to “3+3+2+1=9",

[0120] Referring to FIGS. 11 and 12, as the contacts CNT having the second arrangement

structure CG2, the contacts CNT having the second arrangement structure CG2, the contacts CNT
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having the first arrangement structure CG1, and the contacts CNT having the first arrangement
structure CG1 are respectively arranged in the first to fourth channel groups CA1 to CA4 in this
stated order, a contact arrangement structure of the fourth sub-array SA4 may be referred to as
CG2-CG2-CG1-CG1.

[0121] The first-type channel structure CS1 of the first channel group CA1, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to the first bit line BL1. Accordingly, the sum of the parasitic capacitances
of the channel structures CS of the fourth sub-array SA4, which are connected to the first bit line
BL1, may be or may be proportional to “1+2+3+3=9".

[0122] The third-type channel structure CS3 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the second-type channel structure CS2 of the fourth channel
group CA4 may be connected to the second bit line BL2. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the fourth sub-array SA4, which are connected to the
second bit line BL2, may be or may be proportional to “3+3+2+2=10".

[0123] The third-type channel structure CS3 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the first-type channel structure CS1 of the fourth channel
group CA4 may be connected to the third bit line BL3. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the fourth sub-array SA4, which are connected to the
third bit line BL3, may be or may be proportional to “3+3+2+1=9".

[0124] The second-type channel structure CS2 of the first channel group CA1, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to the fourth bit line BL4. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the fourth sub-array SA4, which are connected to the
fourth bit line BL4, may be or may be proportional to “2+2+3+3=10".

[0125] The memory cell array (for example, 100a of FIG. 9) of the memory device according to
inventive concepts includes sub-arrays (for example, the third sub-array SA3 and the fourth sub-
array SA4), which are different from each other in an arrangement structure of contacts that
connect channel structures to bit lines corresponding to the channel structures, whereby electrical
characteristics of the respective bit lines due to parasitic capacitances of the channel structures

may be uniform therebetween.
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[0126] FIG. 13 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts. In descriptions regarding FIG. 13, repeated
descriptions given with reference to FIG. 4 will be omitted.

[0127] Referring to FIG. 13, a memory cell array 100b may include a fifth sub-array SA5 and a
sixth sub-array SA6, which are defined by a plurality of word line cuts and connected to the first
to fourth bit lines BL1 to BLA4.

[0128] In some example embodiments, the fifth sub-array SA5 and the sixth sub-array SA6 may
be different from each other in an arrangement structure of contacts that connect channel structures
to the first to fourth bit lines BL1 to BL4. Differences in electrical characteristics between the first
to fourth bit lines BL1 to BL4 due to differences in parasitic capacitance between the channel
structures included in the fifth sub-array SA5 may be canceled out or substantially canceled out
by using differences in parasitic capacitance between the channel structures included in the sixth
sub-array SAG.

[0129] FIGS. 14 and 15 are each a plan view illustrating a memory device according to inventive
concepts and are respectively for explaining the fifth sub-array and the sixth sub-array of FIG. 13.
In descriptions regarding FIGS. 14 and 15, repeated descriptions given with reference to FIGS. 5
and 7 will be omitted.

[0130] Referring to FIG. 14, the contacts CNT having the first arrangement structure CG1, the
contacts CNT having the second arrangement structure CG2, the contacts CNT having the second
arrangement structure CG2, and the contacts CNT having the first arrangement structure CG1 may
be respectively arranged in the first to fourth channel groups CA1 to CA4 of the fifth sub-array
SAG5 in this stated order.

[0131] Referringto FIG. 15, the contacts CNT having the second arrangement structure CG2, the
contacts CNT having the first arrangement structure CG1, the contacts CNT having the first
arrangement structure CG1, and the contacts CNT having the second arrangement structure CG2
may be respectively arranged in the first to fourth channel groups CA1 to CA4 of the sixth sub-
array SAG in this stated order.

[0132] FIG. 16 is a diagram illustrating parasitic capacitances of channel structures connected to
each bit line of a memory device according to inventive concepts.

[0133] Referring to FIGS. 14 and 16, as the contacts CNT having the first arrangement structure
CG1, the contacts CNT having the second arrangement structure CG2, the contacts CNT having
the second arrangement structure CG2, and the contacts CNT having the first arrangement
structure CG1 are respectively arranged in the first to fourth channel groups CA1 to CA4 in this

stated order, a contact arrangement structure of the fifth sub-array SA5 may be referred to as CG1-
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CG2-CG2-CGL.

[0134] The third-type channel structure CS3 of the first channel group CAL, the second-type
channel structure CS2 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the third-type channel structure CS3 of the fourth channel
group CA4 may be connected to the first bit line BL1. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the fifth sub-array SA5, which are connected to the
first bit line BL1, may be or may be proportional to “3+2+2+3=10".

[0135] The first-type channel structure CS1 of the first channel group CAL, the third-type channel
structure CS3 of the second channel group CA2, the third-type channel structure CS3 of the third
channel group CA3, and the second-type channel structure CS2 of the fourth channel group CA4
may be connected to the second bit line BL2. Accordingly, the sum of the parasitic capacitances
of the channel structures CS of the fifth sub-array SA5, which are connected to the second bit line
BL2, may be or may be proportional to “1+3+3+2=9".

[0136] The second-type channel structure CS2 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the first-type channel structure CS1 of the fourth channel group
CA4 may be connected to the third bit line BL3. Accordingly, the sum of the parasitic capacitances
of the channel structures CS of the fifth sub-array SA5, which are connected to the third bit line
BL3, may be or may be proportional to “2+3+3+1=9".

[0137] The third-type channel structure CS3 of the first channel group CAL, the second-type
channel structure CS2 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the third-type channel structure CS3 of the fourth channel
group CA4 may be connected to the fourth bit line BL4. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the fifth sub-array SA5, which are connected to the
fourth bit line BL4, may be or may be proportional to “3+2+2+3=10".

[0138] Referring to FIGS. 15 and 16, as the contacts CNT having the second arrangement
structure CG2, the contacts CNT having the first arrangement structure CG1, the contacts CNT
having the first arrangement structure CG1, and the contacts CNT having the second arrangement
structure CG2 are respectively arranged in the first to fourth channel groups CA1 to CA4 in this
stated order, a contact arrangement structure of the sixth sub-array SA6 may be referred to as CG2-
CG1-CG1-CG2.

[0139] The first-type channel structure CS1 of the first channel group CA1, the third-type channel
structure CS3 of the second channel group CA2, the third-type channel structure CS3 of the third

channel group CAS3, and the second-type channel structure CS2 of the fourth channel group CA4
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may be connected to the first bit line BL1. Accordingly, the sum of the parasitic capacitances of
the channel structures CS of the sixth sub-array SA6, which are connected to the first bit line BL1,
may be or may be proportional to “1+3+3+2=9",

[0140] The third-type channel structure CS3 of the first channel group CAL, the second-type
channel structure CS2 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the third-type channel structure CS3 of the fourth channel
group CA4 may be connected to the second bit line BL2. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the sixth sub-array SA6, which are connected to the
second bit line BL2, may be or may be proportional to “3+2+2+3=10".

[0141] The third-type channel structure CS3 of the first channel group CAL, the second-type
channel structure CS2 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the third-type channel structure CS3 of the fourth channel
group CA4 may be connected to the third bit line BL3. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the sixth sub-array SA6, which are connected to the
third bit line BL3, may be or may be proportional to “3+2+2+3=10".

[0142] The second-type channel structure CS2 of the first channel group CALl, the third-type
channel structure CS3 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the first-type channel structure CS1 of the fourth channel group
CA4 may be connected to the fourth bit line BL4. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the sixth sub-array SA6, which are connected to the
fourth bit line BL4, may be or may be proportional to “2+3+3+1=9",

[0143] The memory cell array (for example, 100b of FIG. 13) of the memory device according
to inventive concepts includes sub-arrays (for example, the fifth sub-array SA5 and the sixth sub-
array SA6), which are different from each other in an arrangement structure of contacts that
connect channel structures to bit lines corresponding to the channel structures, whereby electrical
characteristics of the bit lines due to parasitic capacitances of the channel structures may be
uniform therebetween.

[0144] FIG. 17 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts. In descriptions regarding FIG. 17, repeated
descriptions given with reference to FIG. 4 will be omitted.

[0145] Referringto FIG. 17, a memory cell array 100c may include a seventh sub-array SA7 and
an eighth sub-array SA8, which are defined by a plurality of word line cuts and connected to the
first to fourth bit lines BL1 to BL4.

[0146] The contacts having the first arrangement structure CG1, the second arrangement
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structure CG2, and the third arrangement structure CG3 of FIG. 3 may be formed in the seventh
sub-array SA7, and the contacts having the first arrangement structure CG1, the second
arrangement structure CG2, and the fourth arrangement structure CG4 may be formed in the eighth
sub-array SA8. In some example embodiments, the seventh sub-array SA7 and the eighth sub-
array SA8 may be different from each other in an arrangement structure of contacts that connect
channel structures to the first to fourth bit lines BL1 to BL4. Differences in electrical
characteristics between the first to fourth bit lines BL1 to BL4 due to differences in parasitic
capacitance between the channel structures included in the seventh sub-array SA7 may be canceled
out or substantially canceled out by using differences in parasitic capacitance between the channel
structures included in the eighth sub-array SA8.

[0147] FIGS. 18 and 19 are each a plan view illustrating a memory device according to inventive
concepts and are respectively for explaining the seventh sub-array and the eighth sub-array of FIG.
17. In descriptions regarding FIGS. 18 and 19, repeated descriptions given with reference to FIGS.
5 and 7 will be omitted.

[0148] Referring to FIG. 18, the contacts CNT having the first arrangement structure CG1, the
contacts CNT having the first arrangement structure CG1, the contacts CNT having the second
arrangement structure CG2, and the contacts CNT having the third arrangement structure CG3
may be respectively arranged in the first to fourth channel groups CA1 to CA4 of the seventh sub-
array SA7 in this stated order.

[0149] Referringto FIG. 19, the contacts CNT having the second arrangement structure CG2, the
contacts CNT having the second arrangement structure CG2, the contacts CNT having the first
arrangement structure CG1, and the contacts CNT having the fourth arrangement structure CG4
may be respectively arranged in the first to fourth channel groups CA1 to CA4 of the eighth sub-
array SA8 in this stated order.

[0150] FIG. 20 is a diagram illustrating parasitic capacitances of channel structures connected to
each bit line of a memory device according to inventive concepts.

[0151] Referring to FIGS. 18 and 20, as the contacts CNT having the first arrangement structure
CG1, the contacts CNT having the first arrangement structure CG1, the contacts CNT having the
second arrangement structure CG2, and the contacts CNT having the third arrangement structure
CG3 are respectively arranged in the first to fourth channel groups CA1 to CA4 in this stated order,
a contact arrangement structure of the seventh sub-array SA7 may be referred to as CG1-CG1-
CG2-CG3.

[0152] The third-type channel structure CS3 of the first channel group CAL, the third-type

channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
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of the third channel group CA3, and the third-type channel structure CS3 of the fourth channel
group CA4 may be connected to the first bit line BL1. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the seventh sub-array SA7, which are connected to
the first bit line BL1, may be or may be proportional to “3+3+2+3=11".

[0153] The first-type channel structure CS1 of the first channel group CA1, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CAS3, and the second-type channel structure CS2 of the fourth channel
group CA4 may be connected to the second bit line BL2. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the seventh sub-array SA7, which are connected to
the second bit line BL2, may be or may be proportional to “1+2+3+2=8".

[0154] The second-type channel structure CS2 of the first channel group CAL, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to the third bit line BL3. Accordingly, the sum of the parasitic capacitances
of the channel structures CS of the seventh sub-array SA7, which are connected to the third bit
line BL3, may be or may be proportional to “2+2+3+3=10".

[0155] The third-type channel structure CS3 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the first-type channel structure CS1 of the fourth channel
group CA4 may be connected to the fourth bit line BL4. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the seventh sub-array SA7, which are connected to
the fourth bit line BL4, may be or may be proportional to “3+3+2+1=9".

[0156] Referring to FIGS. 19 and 20, as the contacts CNT having the second arrangement
structure CG2, the contacts CNT having the second arrangement structure CG2, the contacts CNT
having the first arrangement structure CG1, and the contacts CNT having the fourth arrangement
structure CG4 are respectively arranged in the first to fourth channel groups CA1 to CA4 in this
stated order, a contact arrangement structure of the eighth sub-array SA8 may be referred to as
CG2-CG2-CG1-CG4.

[0157] The first-type channel structure CS1 of the first channel group CA1l, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the second-type channel structure CS2 of the fourth channel
group CA4 may be connected to the first bit line BL1. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the eighth sub-array SA8, which are connected to the

first bit line BL1, may be or may be proportional to “1+2+3+2=8".
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[0158] The third-type channel structure CS3 of the first channel group CA1, the third-type
channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the third-type channel structure CS3 of the fourth channel
group CA4 may be connected to the second bit line BL2. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the eighth sub-array SA8, which are connected to the
second bit line BL2, may be or may be proportional to “3+3+2+3=11".

[0159] The third-type channel structure CS3 of the first channel group CAL, the third-type
channel structure CS3 of the second channel group CA2, the second-type channel structure CS2
of the third channel group CA3, and the first-type channel structure CS1 of the fourth channel
group CA4 may be connected to the third bit line BL3. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the eighth sub-array SA8, which are connected to the
third bit line BL3, may be or may be proportional to “3+3+2+1=9".

[0160] The second-type channel structure CS2 of the first channel group CA1, the second-type
channel structure CS2 of the second channel group CA2, the third-type channel structure CS3 of
the third channel group CA3, and the third-type channel structure CS3 of the fourth channel group
CA4 may be connected to the fourth bit line BL4. Accordingly, the sum of the parasitic
capacitances of the channel structures CS of the eighth sub-array SA8, which are connected to the
fourth bit line BL4, may be or may be proportional to “2+2+3+3=10".

[0161] The memory cell array (for example, 100c of FIG. 17) of the memory device according
to inventive concepts includes sub-arrays (for example, the seventh sub-array SA7 and the eighth
sub-array SA8), which are different from each other in an arrangement structure of contacts that
connect channel structures to bit lines corresponding to the channel structures, whereby electrical
characteristics of the respective bit lines due to parasitic capacitances of the channel structures
may be uniform therebetween.

[0162] FIGS. 21 and 22 are each a diagram illustrating a memory cell array of a memory device,
according to some example embodiments of inventive concepts.

[0163] Referring to FIG. 21, in a memory cell array 100d, sub-arrays having the same contact
arrangement structure may be arranged in alignment with each other in a direction (for example,
the X-axis direction) perpendicular to an extension direction of a plurality of bit lines BL1 to BLj.
[0164] The memory cell array 100d may include the first sub-array SA1 and the second sub-array
SA2, which are connected to the first to fourth bit lines BL1 to BL4, and may include a first sub-
array SA1d and a second sub-array SA2d, which are connected to i to i+3™ bit lines BLi to
BLi+3. The first sub-array SA1 and the first sub-array SAld may each have the same structure as

the first sub-array SA1 of FIG. 5, and the second sub-array SA2 and the second sub-array SA2d
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may each have the same structure as the second sub-array SA2 of FIG. 7.

[0165] The first sub-array SA1 and the first sub-array SAld may be arranged in alignment with
each other in the X-axis direction, and the second sub-array SA2 and the second sub-array SA2d
may be arranged in alignment with each other in the X-axis direction. However, this is merely an
example for convenience of description, and the memory cell array 100d according to inventive
concepts is not limited to the example shown in FIG. 21.

[0166] Word line cuts arranged at boundaries of the first sub-array SA1 and defining the first
sub-array SA1 may extend in the X-axis direction and may also define the first sub-array SAld.
The first sub-array SA1 and the first sub-array SAld may be arranged adjacent to each other (i=5),
or another sub-array may be arranged between the first sub-array SA1 and the first sub-array SA1d.
[0167] Word line cuts arranged at boundaries of the second sub-array SA2 and defining the
second sub-array SA2 may extend in the X-axis direction and may also define the second sub-
array SA2d. Here, the second sub-array SA2 and the second sub-array SA2d may be arranged
adjacent to each other (i=5), or another sub-array may be arranged between the second sub-array
SA2 and the second sub-array SA2d. However, the example shown in FIG. 21 is merely an
example for convenience of description, and the memory cell array 100d according to inventive
concepts is not limited to the example shown in FIG. 21. The memory cell array 100d may include
sub-arrays having various contact arrangement structures, and sub-arrays having the same contact
arrangement structure may be arranged in alignment with each other in the X-axis direction.
[0168] Referring to FIG. 22, in a memory cell array 100e, sub-arrays having different contact
arrangement structures may be arranged in alignment with each other in the X-axis direction.
[0169] The memory cell array 100e may include the first sub-array SA1 and the second sub-array
SA2, which are connected to the first to fourth bit lines BL1 to BL4, and may include a third sub-
array SA3e and a fourth sub-array SA4e, which are connected to the i to i+3™ bit lines BLi to
BLi+3. The third sub-array SA3e may have the same structure as the third sub-array SA3 of FIG.
10, and the fourth sub-array SA4e may have the same structure as the fourth sub-array SA4 of FIG.
11.

[0170] For example, the first sub-array SA1 and the third sub-array SA3e may be arranged in
alignment with each other in the X-axis direction, and the second sub-array SA2 and the fourth
sub-array SA4e may be arranged in alignment with each other in the X-axis direction. However,
the example shown in FIG. 22 is merely an example for convenience of description, and the
memory cell array 100e according to inventive concepts is not limited to the example shown in
FIG. 22. The memory cell array 100e may include sub-arrays having various contact arrangement

structures, and sub-arrays having different contact arrangement structures may be arranged in
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alignment with each other in the X-axis direction.

[0171] FIG. 23 is a diagram illustrating a memory cell array of a memory device, according to
some example embodiments of inventive concepts. FIGS. 24 and 25 are each a plan view
illustrating a memory device according to inventive concepts and are respectively for explaining
a first sub-array and a second sub-array of FIG. 23. In descriptions regarding FIG. 23, repeated
descriptions given with reference to FIG. 4 will be omitted, and in descriptions regarding FIGS.
24 and 25, repeated descriptions given with reference to FIGS. 5 and 7 will be omitted.

[0172] Referring to FIG. 23, a memory cell array 100f may include a first sub-array SA1f and a
second sub-array SA2f. The first sub-array SA1f and the second sub-array SA2f may be different
from each other in an arrangement structure of contacts that connect channel structures to the first
to fourth bit lines BL1 to BL4. In some example embodiments, contact patterns having a particular
arrangement structure may be repeatedly formed in each of the first sub-array SA1f and the second
sub-array SAZ2f.

[0173] Referring to FIG. 24, the first sub-array SA1f may include the plurality of channel
structures CS arranged in a honeycomb structure and may include first to x" channel groups CA1
to CAx separated by first to x-1™ select line cut regions SSLC1 to SSLCx-1. Here, x may be a
natural number greater than 4 and may have a value that is variously changed.

[0174] An arrangement structure of the plurality of channel structures CS included in the first
channel group CA1 may be consistent with that obtained by shifting the plurality of channel
structures CS included in the second channel group CA2 in the Y-axis direction. In addition, the
arrangement structure of the plurality of channel structures CS included in the second channel
group CA2 may be consistent with that obtained by shifting the plurality of channel structures CS
included in the x'™ channel group CAX in the Y-axis direction.

[0175] In some example embodiments, the contacts CNT having the first arrangement structure
CG1 may be repeatedly arranged in each of the first to x channel groups CA1 to CAx of the first
sub-array SALf.

[0176] Referring to FIG. 25, the second sub-array SA2f may include the plurality of channel
structures CS arranged in a honeycomb structure/hexagonal structure/regular hexagonal structure
and may include the first to x™ channel groups CA1 to CAXx separated by the first to x-1" select
line cut regions SSLC1 to SSLCx-1. Here, x may be a natural number greater than 4.

[0177] In some example embodiments, the contacts CNT having the second arrangement
structure CG2 may be repeatedly arranged in each of the first to x™ channel groups CA1 to CAX
of the second sub-array SAZ2f.

[0178] However, the memory cell array (for example, 100f of FIG. 23) according to inventive
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concepts is not limited to including the first sub-array SALf, which includes only the contacts
having the first arrangement structure CG1, and the second sub-array SA2f, which includes only
the contacts having the second arrangement structure CG2. The memory cell array 100f according
to inventive concepts may include a particular sub-array, which includes contacts having at least
one arrangement structure selected from the first to fourth arrangement structures CG1 to CG4 of
FIG. 3, and may include another sub-array for canceling out or substantially canceling out
differences in parasitic capacitance between channel structures included in the particular sub-array.
[0179] FIG. 26 is a block diagram illustrating a memory device having a chip-to-chip structure,
according to exemplary embodiment of inventive concepts.

[0180] FIG. 26 illustrates a memory device 900 having a chip-to-chip structure, according to
exemplary embodiments of inventive concepts.

[0181] Referring to FIG. 26, a memory device 900 may have/include a chip-to-chip (C2C)
structure. The C2C structure may refer to a structure formed by manufacturing an upper chip
including a memory cell region CELL on a first wafer, manufacturing a lower chip including a
peripheral circuit region PERI on a second wafer, different from the first wafer, and connecting
the upper chip and the lower chip in a bonding manner. For example, the bonding manner may
include a method of electrically connecting a bonding metal formed on an uppermost metal layer
of the upper chip and a bonding metal formed on an uppermost metal layer of the lower chip. For
example, when the bonding metals may be formed of copper (Cu), the bonding manner may be a
Cu-Cu bonding, and the bonding metals may also be formed of aluminum or tungsten. Each
memory device of the above embodiments may be implemented as the memory device 900.
[0182] Each of the peripheral circuit region PERI and the memory cell region CELL of the
memory device 900 may include an external pad bonding area PA, a word line bonding area
WLBA, and a bit line bonding area BLBA.

[0183] The peripheral circuit region PERI may include a first substrate 710, an interlayer
insulating layer 715, a plurality of circuit elements 720a, 720b, and 720c formed on the first
substrate 710, first metal layers 730a, 730b, and 730c respectively connected to the plurality of
circuit elements 720a, 720b, and 720c, and second metal layers 740a, 740b, and 740c formed on
the first metal layers 730a, 730b, and 730c. In some example embodiments, the first metal layers
730a, 730b, and 730c may be formed of tungsten having relatively high resistance, and the second
metal layers 740a, 740b, and 740c may be formed of copper having relatively low resistance.
[0184] In some example embodiments illustrate in FIG. 26, although the first metal layers 730a,
730b, and 730c and the second metal layers 740a, 740b, and 740c are shown and described, they

are not limited thereto, and one or more metal layers may be further formed on the second metal
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layers 740a, 740b, and 740c. At least a portion of the one or more metal layers formed on the
second metal layers 740a, 740b, and 740c may be formed of aluminum or the like having a lower
resistance than those of copper forming the second metal layers 740a, 740b, and 740c.

[0185] The interlayer insulating layer 715 may be disposed on the first substrate 710 and cover
the plurality of circuit elements 720a, 720b, and 720c, the first metal layers 730a, 730b, and 730c,
and the second metal layers 740a, 740b, and 740c. The interlayer insulating layer 715 may include
an insulating material such as silicon oxide, silicon nitride, or the like.

[0186] Lower bonding metals 771b and 772b may be formed on the second metal layer 740D in
the word line bonding area WLBA. In the word line bonding area WLBA, the lower bonding
metals 771b and 772b in the peripheral circuit region PERI may be electrically connected to upper
bonding metals 871b and 872b in a bonding manner, and the lower bonding metals 771b and 772b
and the upper bonding metals 871b and 872b may be formed of aluminum, copper, tungsten, or
the like. Further, the upper bonding metals 871b and 872b in the memory cell region CELL may
be referred as first metal pads and the lower bonding metals 771b and 772b in the peripheral circuit
region PERI may be referred as second metal pads.

[0187] The memory cell region CELL may include at least one memory block. The memory cell
region CELL may include a second substrate 810 and a common source line 820. On the second
substrate 810, a plurality of word lines 831 to 838 (i.e., 830) may be stacked in a vertical direction
(a Z axis direction), perpendicular to an upper surface of the second substrate 810. At least one
string select line and at least one ground select line may be arranged on and below the plurality of
word lines 830, respectively, and the plurality of word lines 830 may be disposed between the at
least one string select line and the at least one ground select line.

[0188] In the bit line bonding area BLBA, a channel structure CH may extend in a direction that
is perpendicular to the upper surface of the second substrate 810, and may pass through the
plurality of word lines 830, the at least one string select line, and the at least one ground select line.
The channel structure CH may include a data storage layer, a channel layer, a buried insulating
layer, and the like, and the channel layer may be electrically connected to a first metal layer 850c
and a second metal layer 860c. For example, the first metal layer 850c may be or correspond to a
bit line contact, and the second metal layer 860c may be or correspond to a plurality of bit lines.
In some example embodiments, the second metal layer 860c may extend in a second horizontal
direction (a Y axis direction), parallel to the upper surface of the second substrate 810.

[0189] In some example embodiments illustrated in FIG. 26, an area in which the channel
structure CH, the second metal layer 860c, and the like are disposed may be defined as the bit line

bonding area BLBA. In the bit line bonding area BLBA, the second metal layer 860c may be
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electrically connected to the circuit elements 720c providing a page buffer 893 in the peripheral
circuit region PERI. For example, the second metal layer 860c may be connected to upper bonding
metals 871c and 872c in the memory cell region CELL, and the upper bonding metals 871c and
872c may be connected to lower bonding metals 771c and 772c connected to the circuit elements
720c of the page buffer 893.

[0190] In the word line bonding area WLBA, the plurality of word lines 830 may extend in a first
horizontal direction (the X axis direction), parallel to the upper surface of the second substrate 810,
and may be connected to a plurality of cell contact plugs 841 to 847 (e.g., 840). The plurality of
word lines 830 and the plurality of cell contact plugs 840 may be connected to each other in pads
provided by at least a portion of the plurality of word lines 830 extending in different lengths in
the first horizontal direction. A first metal layer 850b and a second metal layer 860b may be
connected to an upper portion of the plurality of cell contact plugs 840 connected to the plurality
of word lines 830, sequentially. The plurality of cell contact plugs 840 may be connected to the
peripheral circuit region PERI by the upper bonding metals 871b and 872b of the memory cell
region CELL and the lower bonding metals 771b and 772b of the peripheral circuit region PERI
in the word line bonding area WLBA.

[0191] The plurality of cell contact plugs 840 may be electrically connected to the circuit
elements 720b providing a row decoder 894 in the peripheral circuit region PERI. In some example
embodiments, operating voltages of the circuit elements 720b providing the row decoder 894 may
be different than operating voltages of the circuit elements 720c providing the page buffer 893.
For example, operating voltages of the circuit elements 720c providing the page buffer 893 may
be greater than operating voltages of the circuit elements 720b providing the row decoder 894,
[0192] A common source line contact plug 880 may be disposed in the external pad bonding area
PA. The common source line contact plug 880 may be formed of a conductive material such as at
least one of metal, a metal compound, doped or undoped polysilicon, or the like, and may be
electrically connected to the common source line 820. A first metal layer 850a and a second metal
layer 860a may be stacked on an upper portion of the common source line contact plug 880,
sequentially. For example, an area in which the common source line contact plug 880, the first
metal layer 850a, and the second metal layer 860a are disposed may be defined as the external pad
bonding area PA.

[0193] Input-output pads 705 and 805 may be disposed in the external pad bonding area PA.
Referring to FIG. 26, a lower insulating film 701 covering a lower surface of the first substrate
710 may be formed below the first substrate 710, and a first input-output pad 705 may be formed

on the lower insulating film 701. The first input-output pad 705 may be connected to at least one
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of the plurality of circuit elements 720a, 720b, and 720c disposed in the peripheral circuit region
PERI through a first input-output contact plug 703, and may be separated from the first substrate
710 by the lower insulating film 701. Alternatively or additionally, a side insulating film may be
disposed between the first input-output contact plug 703 and the first substrate 710 to electrically
separate the first input-output contact plug 703 and the first substrate 710.

[0194] Referring to FIG. 26, an upper insulating film 801 covering the upper surface of the
second substrate 810 may be formed on the second substrate 810, and a second input-output pad
805 may be disposed on the upper insulating film 801. The second input-output pad 805 may be
connected to at least one of the plurality of circuit elements 720a, 720b, and 720c disposed in the
peripheral circuit region PERI through a second input-output contact plug 803.

[0195] According to some example embodiments, the second substrate 810 and the common
source line 820 may not be disposed in an area in which the second input-output contact plug 803
is disposed. Alternatively or additionally, the second input-output pad 805 may not overlap the
word lines 830 in the vertical direction. Referring to FIG. 26, the second input-output contact plug
803 may be separated from the second substrate 810 in a direction, parallel to the upper surface of
the second substrate 810, and may pass through the upper insulating film 801 of the memory cell
region CELL to be connected to the second input-output pad 805.

[0196] According to some example embodiments, the first input-output pad 705 and the second
input-output pad 805 may be selectively formed. For example, the memory device 900 may include
only the first input-output pad 705 disposed on the first substrate 710 or the second input-output
pad 805 disposed on the second substrate 810. Alternatively, the memory device 900 may include
both the first input-output pad 705 and the second input-output pad 805.

[0197] A metal pattern in an uppermost metal layer may be provided as a dummy pattern or the
uppermost metal layer may be absent, in each of the external pad bonding area PA and the bit line
bonding area BLBA, respectively included in the memory cell region CELL and the peripheral
circuit region PERI. As used herein, a dummy pattern may correspond to a pattern that, although
fabricated, does not send or receive electrical signals within the memory device 900

[0198] In the external pad bonding area PA, the memory device 900 may include a lower metal
pattern 773a, corresponding to upper metal patterns 871a and 872a formed in an uppermost metal
layer of the memory cell region CELL, and having the same shape as the upper metal pattern 872a
of the memory cell region CELL, in an uppermost metal layer of the peripheral circuit region PERI.
In the peripheral circuit region PERI, the lower metal pattern 773a formed in the uppermost metal
layer of the peripheral circuit region PERI may not be connected to a contact. Similarly, in the

external pad bonding area PA, an upper metal pattern, corresponding to lower metal patterns 771a
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and 772a formed in an uppermost metal layer of the peripheral circuit region PERI, and having the
same shape as the lower metal pattern 772a of the peripheral circuit region PERI, may be formed
in an uppermost metal layer of the memory cell region CELL.

[0199] The lower bonding metals 771b and 772b may be formed on the second metal layer 740b
in the word line bonding area WLBA. In the word line bonding area WLBA, the lower bonding
metals 771b and 772b of the peripheral circuit region PERI may be electrically connected to the
upper bonding metals 871b and 872b of the memory cell region CELL by a Cu-Cu bonding.
[0200] Alternatively or additionally, in the bit line bonding area BLBA, an upper metal pattern
892, corresponding to lower metal patterns 751 and 752 formed in the uppermost metal layer of
the peripheral circuit region PERI, and having the same shape as the lower metal pattern 752 of
the peripheral circuit region PERI, may be formed in an uppermost metal layer of the memory cell
region CELL. A contact may not be formed on the upper metal pattern 892 formed in the
uppermost metal layer of the memory cell region CELL.

[0201] In some example embodiments, corresponding to a metal pattern formed in an uppermost
metal layer in one of the memory cell region CELL and the peripheral circuit region PERI, a
reinforcement metal pattern having the same shape as the metal pattern may be formed in an
uppermost metal layer in another one of the memory cell region CELL and the peripheral circuit
region PERI, and a contact may not be formed on the reinforcement metal pattern.

[0202] Any of the elements disclosed above may include or be implemented in processing
circuitry such as hardware including logic circuits; a hardware/software combination such as a
processor executing software; or a 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 digital signal processor, a microcomputer, a field programmable gate array
(FPGA), a System-on-Chip (SoC), a programmable logic unit, a microprocessor, application-
specific integrated circuit (ASIC), etc.

[0203] While inventive concepts have been particularly shown and described with reference to
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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CLAIMS

WHAT IS CLAIMED IS:

1. A vertical memory device comprising:

a plurality of word lines on a substrate, the plurality of word lines extending in a horizontal
direction that is parallel to a main surface of the substrate, the plurality of word lines stacked in a
vertical direction;

a plurality of word line cut regions extending parallel to each other in a first horizontal
direction and defining widths of the plurality of word lines, the widths in a second horizontal
direction perpendicular to the first horizontal direction;

amemory cell array comprising a plurality of channel structures extending on the substrate
in the vertical direction through the plurality of word lines and arranged in a honeycomb structure;

a plurality of contacts on the plurality of channel structures; and

a plurality of bit lines connected to the plurality of channel structures through the plurality
of contacts,

wherein the memory cell array comprises a first sub-array and a second sub-array, which
are defined by the plurality of word line cut regions and are connected to some identical bit lines
from among the plurality of bit lines, and

a layout of contacts in the first sub-array from among the plurality of contacts is different
from a layout of contacts in the second sub-array from among the plurality of contacts.

2. The vertical memory device of claim 1, wherein a gap between the plurality of bit

lines is less than a width of each of the plurality of channel structures.

3. The vertical memory device of claim 1 or claim 2, further comprising:

a string select line overlapping the plurality of word lines in the vertical direction; and

a plurality of select line cut regions defining a width of the string select line in the second
horizontal direction,

wherein each of the first sub-array and the second sub-array comprises a plurality of

channel groups separated from each other by the plurality of select line cut regions.

4. The vertical memory device of claim 3, wherein a layout of channel structures

included in each of the plurality of channel groups is identical.
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5. The vertical memory device of claim 3 or claim 4, wherein each of the first sub-
array and the second sub-array are connected to first to fourth bit lines from among the plurality
of bit lines, and

each of the plurality of channel groups comprises a first channel structure and a second
channel structure which are aligned with each other in the second horizontal direction, and each
of the plurality of channel groups comprises a third channel structure and a fourth channel structure,
which are aligned with each other in the second horizontal direction.

6. The vertical memory device of claim 5, wherein the first channel structure of each
of the plurality of channel groups included in the first sub-array connects to the second bit line,
and the first channel structure of each of the plurality of channel groups comprised in the second

sub-array connects to the first bit line.

7. The vertical memory device of any one of claims 1 to 6, wherein the memory cell
array comprises a third sub-array connected to different bit lines from the bit lines connected to
the first sub-array,

the third sub-array is aligned with the first sub-array in the first horizontal direction, and

the layout of the contacts in the first sub-array from among the plurality of contacts is
different from a layout of contacts in the third sub-array from among the plurality of contacts.

8. A vertical memory device comprising:

a plurality of word lines extending on a substrate in a horizontal direction parallel to a
main surface of the substrate, the plurality of word lines overlapping each other in a vertical
direction;

a plurality of word line cut regions extending parallel to each other in a first horizontal
direction and defining widths of the plurality of word lines in a second horizontal direction, the
second horizontal direction perpendicular to the first horizontal direction;

a memory cell array comprising a plurality of channel structures which extend, on the
substrate in the vertical direction through the plurality of word lines;

a plurality of contacts arranged on the plurality of channel structures; and

a plurality of bit lines connected to the plurality of channel structures through the plurality

of contacts,
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wherein the memory cell array comprises a first sub-array and a second sub-array which
are defined by the plurality of word line cut regions and are connected to first to fourth bit lines
from among the plurality of bit lines, and

a layout of contacts in the first sub-array from among the plurality of contacts is different
from a layout of contacts in the second sub-array from among the plurality of contacts.

9. The vertical memory device of claim 8, wherein two or more bit lines are arranged
over one of the plurality of channel structures and overlap the one channel structure in the vertical
direction.

10. A vertical memory device comprising:

a memory cell region including a first metal pad; and

a peripheral circuit region including a second metal pad, the peripheral circuit region
vertically connected to the memory cell region by the first metal pad and the second metal pad,

wherein the memory cell region includes a plurality of word lines and a string select line,
the plurality of word lines and the string select line extending on a substrate in a horizontal
direction parallel to a main surface of the substrate, the plurality of word lines overlapping each
other in a vertical direction;

a plurality of word line cut regions extending parallel to each other in a first horizontal
direction and defining widths of the plurality of word lines in a second horizontal direction that is
perpendicular to the first horizontal direction;

a plurality of select line cut regions defining a width of the string select line in the second
horizontal direction;

a memory cell array comprising a plurality of channel structures, which extend, on the
substrate, in the vertical direction through the plurality of word lines and are arranged in a
honeycomb structure;

a plurality of contacts on the plurality of channel structures; and

a plurality of bit lines connected to the plurality of channel structures through the plurality
of contacts,

wherein two or more bit lines are arranged over one of the plurality of channel structures
and overlap the one channel structure in the vertical direction,

the memory cell array comprises a first sub-array and a second sub-array, the first sub-
array and the second sub-array defined by the plurality of word line cut regions and connected to

first to fourth bit lines from among the plurality of bit lines, and
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a layout of contacts in the first sub-array from among the plurality of contacts is different from a

layout of contacts in the second sub-array from among the plurality of contacts.

37



