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SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims the benefit of priority to Korean Patent Application
No. 10-2017-0078530 filed on June 21, 2017 in the Korean Intellectual Property Office,

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

TECHNICAL FIELD

[0002] The present disclosure relates to a semiconductor device.

BACKGROUND
[0003] While semiconductor devices are required to process high capacity data, the
volumes thereof have gradually been reduced. Thus, the integration of semiconductor
elements constituting such semiconductor devices needs to be increased. Accordingly,
as one method of improving the degree of integration of a semiconductor device, a
semiconductor device having a three-dimensional transistor structure, for example, a
vertical transistor structure, rather than an existing planar transistor structure, has been

proposed.

SUMMARY
[0004] An aspect of the present inventive concept according to exemplary
embodiments provides a semiconductor device having improved reliability.
[0005] According to an aspect of the present inventive concept, a semiconductor
device includes a substrate having first and second regions; a gate electrode stack

having a plurality of gate electrodes vertically stacked and spaced apart from each other
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in a first direction perpendicular to an upper surface of the substrate in the first region,
and extending to have different lengths in a second direction parallel to the upper
surface of the substrate from the first region to the second region; first and second
isolation regions extending in the second direction perpendicular to the first direction,
while penetrating through the gate electrode stack on the substrate, in the first and
second regions; string isolation regions disposed between the first isolation region and
the second isolation region in the first region, and extending in the second direction
while penetrating through a portion of the gate electrode stack; and a plurality of
auxiliary isolation regions disposed linearly with the string isolation regions in at least
one of the first and second regions, and spaced apart from each other in the second
direction.

[0006] According to an aspect of the present inventive concept, a semiconductor

device includes a substrate having a first region and a second region, a plurality of gate

electrodes vertically stacked and spaced apart from each other in a first direction

perpendicular to an upper surface of the substrate in the first region, each of the

plurality of gate electrodes extends to have different length from each other in a

direction from the first region to the second region, a plurality of common source lines

disposed between the plurality of gate electrodes in the first and second regions, and

extending in a second direction perpendicular to the first direction, and a plurality of

dummy common source lines disposed between the common source lines in at least

one of the first and second regions, and spaced apart from each other in the second

direction.

[0007] According to an aspect of the present inventive concept, a semiconductor

device includes a substrate, gate electrodes vertically stacked and spaced apart from

each other in a first direction, perpendicular to an upper surface of the substrate, each
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of the gate electrodes extends to have different length from each other in a second
direction perpendicular to the first direction, and first and second isolation regions
extending in the second direction, while penetrating through all of the gate electrodes
stacked on the substrate. Among the gate electrodes, at least one uppermost gate
electrode is divided into first and second subgate electrodes having a minimum width
of a first length in a third direction perpendicular to the first and second directions,
between the first and second isolation regions. At least one of the gate electrodes,
disposed in the middle of the gate electrodes, is connected between the first and second
isolation regions by a plurality of gate connection portions spaced apart from each
other in the second direction. Each of the gate connection portions has a second length

in the second direction, less than twice the first length.

BRIEF DESCRIPTION OF DRAWINGS

[0008] The above and other aspects, features and other advantages of the present
inventive concept will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings, in which:

FIG 1 is a schematic block diagram of a semiconductor device according to
example embodiments;

FIG. 2 is an equivalent circuit diagram of a memory cell array of a
semiconductor device according to example embodiments;

FIG. 3 is a schematic plan view of a semiconductor device according to
example embodiments;

FIGS. 4A to 4D are schematic cross-sectional views of a semiconductor device
according to example embodiments;

FIG. 5 is an exploded perspective diagram illustrating gate electrodes of a
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semiconductor device according to example embodiments;

FIG. 6 is a schematic cross-sectional view of a semiconductor device according
to example embodiments;

FIGS. 7A and 7B are schematic plan views of semiconductor devices according
to example embodiments;

FIGS. 8A to 12B are schematic plan views and cross-sectional views
illustrating a method of manufacturing a semiconductor device according to example
embodiments; and

FIG. 13 is a schematic cross-sectional view of a semiconductor device
according to example embodiments.

In the drawings, the size and relative sizes of layers and regions may be
exaggerated for clarity. Like numbers refer to like elements throughout. Though the
different figures show variations of exemplary embodiments, and may be referred to
using language such as “in one embodiment,” these figures are not necessarily intended
to be mutually exclusive from each other. Rather, as will be seen from the context of
the detailed description below, certain features depicted and described in different
figures can be combined with other features from other figures to result in various
embodiments, when taking the figures and their description as a whole into

consideration.

DETAILED DESCRIPTION
[0009] FIG. 1 is a schematic block diagram of a semiconductor device according to
example embodiments.
[0010] With reference to FIG. 1, a semiconductor device 1 according to an example

embodiment may include a memory cell array 2, a driving circuit 3, a read/write circuit
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4, and a control circuit 5. The semiconductor device 1 may be in the form of, for
example, a semiconductor chip or die, formed from a semiconductor wafer. The term
“semiconductor device” as used herein may also refer to a semiconductor package,
including a package substrate, one or more semiconductor chips, and an encapsulant.
[0011] The memory cell array 2 may include a plurality of memory cells, and the
plurality of memory cells may be arranged in a plurality of rows and columns. The
plurality of memory cells included in the memory cell array 2 may be electrically
connected to the driving circuit 3 through word lines WL, a common source line CSL, a
string select line SSL, a ground select line GSL, and the like, and may be electrically
connected to the read/write circuit 4 through bit lines BL. In example embodiments, a
plurality of memory cells arranged linearly in a single row may be electrically
connected to the same word line WL, and a plurality of memory cells arranged linearly
in a single column may be electrically connected to the same bit line BL.

[0012] As used herein, and unless indicated otherwise, items described as being
“electrically connected” are configured such that an electrical signal can be passed from
one item to the other. Therefore, a passive electrically conductive component (e.g., a
wire, pad, internal electrical line, etc.) physically connected to a passive electrically
insulative component (e.g., a prepreg layer of a printed circuit board, an electrically
insulative adhesive connecting two devices, an electrically insulative underfill or mold
layer, etc.) that does not permit electric current to pass therethrough is not electrically
connected to that component.

[0013] The plurality of memory cells included in the memory cell array 2 may be
divided into a plurality of memory blocks. A respective memory block may include a
plurality of word lines WL, a plurality of string select lines SSL, a plurality of ground

select lines GSL, a plurality of bit lines BL, and at least one common source line CSL.
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[0014] The driving circuit 3 and the read/write circuit 4 may be operated by the
control circuit 5. In example embodiments, the driving circuit 3 may receive address
information ADDR from an external source, decode the received address information
ADDR to select at least a portion of the word lines WL, the common source line CSL,
the string select line SSL and the ground select line GSL connected to the memory cell
array. The driving circuit 3 may include a driving circuit for each of the word line WL,
the common source line CSL, the string select line SSL and the ground select line GSL.
[0015] The read/write circuit 4 may select at least a portion of bit lines BL
electrically connected to the memory cell array 2 in response to a command provided
from the control circuit 5. The read/write circuit 4 may read data written to a memory
cell electrically connected to the selected at least a portion of bit lines BL, or may write
data to a memory cell electrically connected to the selected at least a portion of bit lines
BL. In order to perform operations as described above, the read/write circuit 4 may
include a circuit such as a page buffer, an input/output buffer, a data latch, or the like.
[0016] The control circuit 5 may control operations of the driving circuit 3 and the
read/write circuit 4 in response to a control signal CTRL received by the control circuit
5 from an external source (e.g., a memory controller). The control circuit 5 may receive
a control signal and an external voltage and may be operated according to the control
signal that has been received. The control circuit 5 may include a voltage generator
(not shown) generating voltages required for an internal operation (e.g., a program
voltage, a read voltage, an erase voltage, or the like) using the external voltage. The
control circuit 5 may control a read operation, a write operation and/or an erase
operation in response to control signals.

[0017] For example, when reading data written to the memory cell array 2, the

control circuit 5 may control operations of the driving circuit 3 to supply a voltage to
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the word line WL in which data to be read is stored, to perform a read operation. When
the voltage for a read operation is supplied to a specific word line WL, the control
circuit 5 may perform controlling operation so that the read/write circuit 4 may read
data written to a memory cell electrically connected to the word line WL having
received the voltage for a read operation.

[0018] For example, when data is written to the memory cell array 2, the control
circuit 5 may control operations of the driving circuit 3 to supply the voltage to the
word line WL to which data is to be written to perform a writing operation. When the
voltage for a writing operation is supplied to a specific word line WL, the control circuit
5 may control the read/write circuit 4 to write data to a memory cell electrically
connected to the word line WL to which the voltage for a writing operation has been
supplied.

[0019] FIG 2 is an equivalent circuit diagram of a memory cell array of a
semiconductor device according to example embodiments.

[0020] Referring to FIG. 2, a memory cell array according to an example
embodiment may include a plurality of memory cell strings S including n number of
memory cell devices MC1 to MCn connected to one another in series, and a ground
select transistor GST and a string select transistor SST connected to both ends of the
memory cell devices MC1 to MChn in series, respectively.

[0021] The n number of memory cell devices MC1 to MCn connected to one
another in series may be connected to word lines WL1 to WLn to select at least a
portion of the memory cell devices MC1 to MChn, respectively.

[0022] Gate terminals of the ground select transistors GST may be connected to a
ground select line GSL, and source terminals thereof may be connected to a common

source line CSL. Gate terminals of the string select transistors SST may be connected to
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a string select line SSL, and source terminals thereof may be connected to drain
terminals of memory cell devices MCn. Although FIG. 2 illustrates a structure in which
one ground select transistor GST and one string select transistor SST are respectively
connected to the n number of memory cell devices MC1 to MCn connected to one
another in series, in a manner different therefrom, a plurality of ground select transistors
GST or a plurality of string select transistors SST may also be connected thereto.
[0023] Drain terminals of the string select transistors SST may be connected to bit
lines BL1 to BLm. When a signal is applied to gate terminals of the string select
transistors SST through the string select line SSL, a signal applied through the bit lines
BL1 to BLm may be transferred to the n number of memory cell devices MC1 to MCn
connected to one another in series, and thus, a data reading operation or a data writing
operation may be performed. Further, by applying a signal to the gate terminals of the
gate selection transistors GST of which source terminals are connected to the common
source line CSL, via the gate select line GSL, an erase operation of removing all
charges stored in the n memory cell devices MC1 to MCn may be performed.

[0024] FIG 3 is a schematic plan view of a semiconductor device according to
example embodiments. FIGS. 4A to 4D are schematic cross-sectional views of a
semiconductor device according to example embodiments. FIGS. 4A to 4D illustrate
cross sections taken along lines I-I’, II-1I’, III-III" and IV-IV’ of FIG. 3.

[0025] With reference to FIG. 3, the semiconductor device 100 may include a
substrate 101 having a first region I and a second region II, a gate electrode stack 130
having gate electrodes 131 to 138 vertically stacked on the substrate 101 in a direction
(Z direction) perpendicular to an upper surface of the substrate 101, channels CH
arranged to penetrate through the gate electrode stack 130 in the first region I, first and

second isolation regions MS1 and MS2 extending in a first direction (X direction)
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parallel to an upper surface of the substrate 101 in a row direction while penetrating
through the gate electrode stack 130, string isolation regions SS penetrating through
portions of the gate electrode stack 130, and a plurality of auxiliary isolation regions
DMS spaced apart from each other. For example, the first and second isolation regions
MS1 and MS2 may extend continuously along both the first region I and the second
region II. Thus, the first and second isolation regions MS1 and MS2 may be formed on
the first region I and the second region II of the substrate 101. In FIG. 3, portions of
components of the semiconductor device 100, for example, interlayer insulating layers
120 and a peripheral-region insulating layer 190 are omitted for the sake of brevity.
[0026] The first region I of the substrate 101 may be a region corresponding to the
memory cell array 2 of FIG. 1, and the second region II may correspond to a region in
which the memory cell array 2 and the driving circuit 3 of FIG. 1 are electrically
connected to each other. The second region Il may be disposed on at least one end of the
first region I in at least one direction, for example, in an X direction.

[0027] The gate electrodes 131 to 138 of the gate electrode stack 130 may be
vertically stacked in the first region I in a direction (Z direction) perpendicular to an
upper surface of the substrate 101, and may extend from the first region I to the second
region II to have different lengths in a direction (X direction) parallel to the upper
surface of the substrate 101. The gate electrodes 131 to 138 of the gate electrode stack
130 may be divided to be disposed separately from each other in a direction (Y
direction) parallel to the upper surface of the substrate 101 and perpendicular to the X
and Z directions by the first and second isolation regions MS1 and MS2 extending in
the X direction. The gate electrodes of the gate electrode stack 130, between the first
and second isolation regions MS1 and MS2, may form a single memory block, but a

range of the memory block is not limited thereto.
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[0028] The channels CH may be spaced apart from each other in rows and columns
on the first region 1. The channels CH may be arranged to form a lattice pattern or may
be arranged in a zigzag form in one direction. In example embodiments, dummy
channels may be disposed on a portion of the first region I and the second region II. The
dummy channels may not connected to the bit lines. For example, a dummy channel
may not be connected to any gate or bit line for communicating within the
semiconductor device 100, or a dummy channel may be connected to a dummy gate or
dummy bit line in a way such that data associated with active region is ignored by a
peripheral circuit of the semiconductor device 100 or is not communicated to or from a
device external to the semiconductor device 100, or is ignored by such an external
device.  Thus, “dummy” components as described herein are not used for
communicating data used for logical operations or storage operations.

[0029] The first and second isolation regions MS1 and MS2 may be arranged to
extend in an X direction in the first region I and the second region II. The first isolation
region MS1 and the second isolation region MS2 may be alternately arranged in a Y
direction perpendicular to the X direction. The first and second isolation regions MS1
and MS2 may penetrate through all of the gate electrodes 131 to 138 of the gate
electrode stack 130 stacked on the substrate 101 to be connected to the substrate 101.
The first and second isolation regions MS1 and MS2 may include the common source
line CSL described above with reference to FIGS. 1 and 2. Each of the first and second
isolation regions MS1 and MS2 may include an insulating layer 107 and a conductive
layer 110 insulated from each of the gate electrodes 131 to 138 of the gate electrode
stack 130 by the insulating layer 107. The conductive layers 110 of the first and second
isolation regions MS1 and MS2 may correspond to the common source line CSL. For

example, the conductive layer 110 of the first isolation region MS1 may correspond to a

10



10

15

20

25

first common source line CSL1 and the conductive layer 110 of second isolation region
may correspond to a second common source line CSL2 (see, e.g., FIG. 4A). In the
example embodiment, the first and second isolation regions MS1 and MS2 are
illustrated as having a continuous linear shape passing through the first region I and the
second region II, but are not limited thereto. In example embodiments, at least one of
the first and second isolation regions MS1 and MS2 may be extended discontinuously,
for example, in the second region II, and may be disposed in such a manner that it is
divided into two sections in the X direction. In this exemplary embodiment, a length of
each of the first and second isolation regions MS1 and MS2 in the X direction may also
be greater than a length of each of the auxiliary isolation regions DMS.

[0030] The string isolation regions SS may extend in the X direction between the
first and second isolation regions MS1 and MS2. The string isolation regions SS may be
disposed in a portion of the second region II and in the first region I, to penetrate
through a portion of the gate electrode stack 130, including an uppermost gate electrode
138 among the gate electrode stack 130. The gate electrode stack 130 divided by the
string isolation regions SS may be separated from each other between the channels CH
arranged in a row in a Y direction, to form different string select lines SSL (see FIGS. 1
and 2). The string isolation regions SS may include a string insulation layer 103.
[0031] The auxiliary isolation regions DMS may extend in the X direction between
the first and second isolation regions MS1 and MS2. The auxiliary isolation regions
DMS may be disposed in a linear shape to be spaced apart from each other in the
entirety of the first and second regions I and II. The auxiliary isolation regions DMS
may be disposed in the linear shape together with the string isolation regions SS, and for
example, may be arranged to have a center coinciding with a center of the string

isolation regions SS in a Y direction. Thus, the auxiliary isolation regions DMS may be
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alternately arranged with the string isolation regions SS in the first region I in the X
direction. In example embodiments, a portion of the auxiliary isolation regions DMS
may also be arranged to be in contact with the channels CH. When an element is
referred to as being “contacting” or “in contact with” another element, there are no
intervening elements present.

[0032] The auxiliary isolation regions DMS may include a dummy common source
line DCSL (see, e.g., FIG. 4A). The auxiliary isolation regions DMS may have a
structure comprised of a conductive layer 110 and an insulating layer 107 in the same
manner as the first and second isolation regions MS1 and MS2, and the conductive layer
110 in the auxiliary isolation regions DMS may correspond to a dummy common source
line DCSL (see, e.g., FIG. 4A). Thus, the conductive layers 110 constituting the
auxiliary isolation regions DMS may be in a floating state in which the conductive
layers 110 are not connected to devices driving the semiconductor device 100 or an
electrical signal is not applied thereto, in a manner different from the conductive layers
110 of the first and second isolation regions MS1 and MS2, corresponding to the
common source lines CSL. As mentioned above, the dummy common source lines as
described herein are not used for communicating data used for logical operations or
storage operations of the semiconductor device 100 as opposed to the common source
lines CSL.

[0033] The auxiliary isolation regions DMS may be formed in the same process step
as the first and second isolation regions MS1 and MS2, and may function as spaces
transferring a material of the gate electrode stack 130 for formation of the gate electrode
stack 130, which will be described in more detail below with reference to FIGS. 12A
and 12B. In a manner different from the first and second isolation regions MS1 and

MS?2, as a plurality of the auxiliary isolation regions DMS are spaced apart from each
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other, the gate electrodes 131 to 138 of gate electrode stack 130 may be connected to
each other in a region in which the auxiliary isolation regions DMS are not disposed.
Thus, a stacked structure of the gate electrode stack 130 may be supported, such that
leaning does not occur in the stacked structure of the gate electrode stack 130.

[0034] The shape of the auxiliary isolation regions DMS is illustrated as having a
rectangular shape in plan view, but is not limited thereto, and may be variously changed
within a range having an elongated shape in the X direction. The auxiliary isolation
regions DMS may have a width W2 in a Y direction perpendicular to the X direction
and the Z direction equal to or less than a width W1 in the Y direction perpendicular to
the X direction and the Z direction of each of the first and second isolation regions MS1
and MS2. The width W2 in the Y direction perpendicular to the X direction and Z
direction of each of the auxiliary isolation regions DMS may be equal to or greater than
a width W3 in the Y direction perpendicular to the X direction and the Z direction of
each of the string isolation regions SS. A length L1 of each of the auxiliary isolation
regions DMS in an X direction may be within a range of, for example, 200 nm to 2000
nm, and may be changed according to the number of the gate electrodes of the gate
electrode stack 130 and a size of the channels CH, constituting the semiconductor
device 100, and the like. If the length L1 is less than the range of 200 nm to 2000 nm,
patterning may be difficult to be performed in a process. If the length L1 is greater than
the above range, a region in which the gate electrodes of the gate electrode stack 130 are
connected to each other between the auxiliary isolation regions DMS may be relatively
narrow, and thus, the stacked structure of the gate electrode stack 130 may not be
sufficiently supported.

[0035] In the example embodiment, spacing distances L2 in the X direction by

which the auxiliary isolation regions DMS are spaced apart from each other, for
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example, distances L2 between the auxiliary isolation regions DMS, may be
substantially the same as each other, and may be identical to each other in the first
region I and the second region II. According to example embodiments, the distances 1.2
may be different from each other in the first region I and the second region II, in such a
manner that the auxiliary isolation regions DMS may be arranged at different densities
in the first region I and the second region II. For example, in some embodiments, if the
spacing distances L2 in the first region I is smaller than that of the second region II, the
auxiliary isolation regions DMS may be arranged to have a higher density in the first
region I than that of the second region II. Alternatively, in some embodiments, if the
spacing distances L2 in the first region I is larger than that of the second region II, the
auxiliary isolation regions DMS may be arranged to have a lower density in the first
region I than that of the second region II. The distance L2 in the X direction may be less
than twice a distance L3 in the Y direction between each of the first and second isolation
regions MS1 and MS2 and the auxiliary isolation region DMS, and may be greater than
100 nm. If the distance L2 is greater than twice the distance L3, while filling of a
material forming the gate electrode stack 130 between the first and second isolation
regions MS1 and MS2 is completed, the filling of the material between the auxiliary
isolation regions DMS may not be completed. In addition, if the distance L2 is 100 nm
or less, performing patterning during a process may be difficult.

[0036] With reference to FIGS. 4A and 4B, the semiconductor device 100 may
further include interlayer insulating layers 121 to 129 (120) sequentially stacked
alternately with the gate electrodes 131 to 138 of the gate electrode stack 130 on the
substrate 101 in a Z direction perpendicular to both X and Y directions, a gate dielectric
layer 145, and a channel region 140, a channel pad 155, and a channel insulating layer

150 in the channels CH. For example, the gate electrode 131 may be disposed between
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the interlayer insulating layers 121 and 122, the the gate electrode 132 may be disposed
between the interlayer insulating layers 122 and 123, the gate electrode 133 may be
disposed between the interlayer insulating layers 123 and 124, and so on.

[0037] The substrate 101 may have an upper surface extended in X and Y
directions. The substrate 101 may include a semiconductor material, for example, a
group IV semiconductor material, a group III-V compound semiconductor material, or a
group II-VI oxide semiconductor material. For example, an example of the group IV
semiconductor material may include silicon, germanium, or silicon-germanium. The
substrate 101 may be provided as a bulk wafer or an epitaxial layer.

[0038] The interlayer insulating layers 120 may be disposed between the gate
electrodes of the gate electrode stack 130. The interlayer insulating layers 120 may also
be arranged to be spaced apart from each other in a direction perpendicular to an upper
surface of the substrate 101, and may extend in an X direction, in a manner similar to
the gate electrode stack 130. The interlayer insulating layers 120 may include an
insulating material such as silicon oxide or silicon nitride.

[0039] The gate electrodes of the gate electrode stack 130 may be stacked on the
substrate 101 in a direction perpendicular to an upper surface of the substrate 101, and
may be stacked alternately with the interlayer insulating layers 121 to 129 (120). The
gate electrodes of the gate electrode stack 130 may be disposed to be spaced apart from
each other in a direction perpendicular to the upper surface of the substrate 101 along
sides of the channels CH. Referring to FIG. 2, the gate electrodes of the gate electrode
stack 130 may form gates of the ground select transistor GST, a plurality of the memory
cell devices MC1 to MChn, and the string select transistor SST, respectively. The gate
electrodes of the gate electrode stack 130 may extend to form the word lines WLI to

WLn, the string select line SSL and the ground select line GSL, and the word lines WLI1
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to WLn may commonly be connected to one another in predetermined groups of
memory cell strings adjacent to each other and arranged in X and Y directions.

[0040] In example embodiments, the number of the gate electrodes of the gate
electrode stack 130 constituting the memory cells MC1 to MCn may be determined
according to a capacity of the semiconductor device 100. According to an example
embodiment, the gate electrodes of the gate electrode stack 130 of the string select
transistor SST and the ground select transistor GST may be one or two or more gate
electrodes, respectively, and may have a structure the same as or different from that of
the gate electrodes of the gate electrode stack 130 of the memory cells MC1 to MCn. A
portion of the gate electrode stack 130, for example, gate electrodes of the electrode
stack 130 adjacent to the ground select transistor GST or the string select transistor SST,
may be dummy gate electrodes. The dummy gate electrodes (gate electrodes of the gate
electrode stack 130 adjacent to the ground select transistor GST or the string select
transistor SST) may not be connected or configured to receive a normal gate voltage
that would be applied to the other gate electrodes of the gate electrode stack 130 that are
not adjacent to the ground select transistor GST or the string select transistor SST. For
example, the dummy gate electrodes may receive a different voltage level, or may
receive a voltage at a different time from when a voltage is applied to the other gate
electrodes of the gate electrode stack 130 that are not adjacent to the ground select
transistor GST or the string select transistor SST.

[0041] Each of the gate electrodes of the gate electrode stack 130 may include a
metal, for example, tungsten (W). According to an example embodiment, each of the
gate electrodes of the gate electrode stack 130 may include polycrystalline silicon or a
metal silicide material. According to example embodiments, each of the gate electrodes

of the gate electrode stack 130 may further include a diffusion barrier layer, and for
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example, the diffusion barrier may include tungsten nitride (WN), tantalum nitride
(TaN), titanium nitride (TiN), or combinations thereof.

[0042] The channels CH having a columnar shape may have an inclined side of
which a width is reduced toward the substrate 101 depending on an aspect ratio. The
channel region 140 may be disposed in the channels CH. The channel region 140 in the
channels CH may have an annular shape surrounding a channel insulating layer 150
provided therein, but may also have a columnar shape, such as a cylindrical or prismatic
shape, without the channel insulating layer 150 therein, according to an example
embodiment. The channel region 140 may be connected to the epitaxial layer 105
provided therebelow. The channel region 140 may include a semiconductor material
such as polycrystalline silicon or singlecrystalline silicon. The semiconductor material
may be an undoped material or may be a material including p-type or n-type impurities.
The channels CH linearly disposed in a Y direction may be connected to different bit
lines BL (see FIGS. 1 and 2) according to arrangement of an upper wiring structure
connected to the channel pad 155. Further, portions of the channels CH may be dummy
channels not connected to the bit lines.

[0043] The channel pads 155 may be disposed on the channel regions 140 in the
channels CH. The channel pads 155 may be disposed to cover upper surfaces of the
channel insulating layers 150 and to be electrically connected to the channel regions
140. The channel pads 155 may include, for example, doped polycrystalline silicon.
[0044] The gate dielectric layer 145 may be disposed between the gate electrodes of
the gate electrode stack 130 and the channel region 140. The gate dielectric layer 145
may include a tunneling layer 142, a charge storage layer 143, and a blocking layer 144
sequentially stacked from the channel region 140. The tunneling layer 142 may allow

for tunneling of a charge (e.g., electrons) to be transmitted to the charge storage layer
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143 via Fowler-Nordheim (F-N) tunneling mechanism (a mechanism by which
electrons tunnel through a barrier in the presence of a high electric field).

[0045] The tunneling layer 142 may include, for example, silicon dioxide (SiO»),
silicon nitride (Si3Ny), silicon oxynitride (SiON), or combinations thereof. The charge
storage layer 143 may be a charge trapping layer or a floating gate conductive layer. In
example embodiments, when the charge storage layer 143 is a charge trapping layer, the
charge storage layer 143 may be comprised of silicon nitride. The blocking layer 144
may include silicon dioxide (SiO»), silicon nitride (Si3Na), silicon oxynitride (SiON), a
high-k dielectric material, or combinations thereof.

[0046] The epitaxial layer 105 may be disposed on lower ends of the channels CH
while being disposed on the substrate 101 and being disposed on a side of at least one
gate electrode 130. The epitaxial layer 105 may be disposed in a recessed region of the
substrate 101. An upper surface of the epitaxial layer 105 may be higher than an upper
surface of a lowermost gate electrode 131 and may be lower than a lower surface of a
gate electrode 132 provided above the lowermost gate electrode 131, but is not limited
thereto. Thus, even when an aspect ratio of the channel region 140 is increased, the
channel region 140 may be stably electrically connected to the substrate 101 by the
epitaxial layer 105, and characteristics of the ground select transistor GST between
memory cell strings may be uniform. According to example embodiments, the epitaxial
layer 105 may also be omitted, and in this case, the channel region 140 may be directly
connected to the substrate 101.

[0047] As illustrated in FIG. 4A, the auxiliary isolation region DMS may include a
conductive layer 110 and an insulating layer 107, in a manner similar to the first and
second isolation regions MS1 and MS2, while in a manner different from the first and

second isolation regions MS1 and MS2, e.g., a lower portion of the conductive layer
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110 of the auxiliary isolation region DMS may not be connected to the substrate 101.
The conductive layer 110 in the auxiliary isolation region DMS may be spaced apart
from the substrate 101 by the insulating layer 107, and may also be electrically insulated
from the substrate 101. Thus, thicknesses of the conductive layers 110 may be different
from each other between the first and second isolation regions MS1 and MS2 and the
auxiliary isolation region DMS. For example, a thickness of each of the conductive
layers 110 in the first and second isolation regions MS1 and MS2 may be greater than
that of the conductive layer 110 in the auxiliary isolation region DMS.

[0048] The structural difference as described above may be provided since the
width W2 of the auxiliary isolation region DMS in a Y direction is narrower than the
width W1 of each of the first and second isolation regions MS1 and MS2 in the Y
direction such that an insulating material may not be completely removed from an upper
surface of the substrate 101 when the insulating layer 107 is formed. Alternatively, since
the auxiliary isolation region DMS extends to have a length shorter than a length of
each of the first and second isolation regions MS1 and MS2 in an X direction, regions
close to both edges thereof may have such a structure. Due to the difference in widths of
the first and second isolation regions MS1 and MS2 and the auxiliary isolation region
DMS, the conductive layers 110 therein may also have different widths. According to
example embodiments, the width of the conductive layers 110 of the auxiliary isolation
region DMS in a Y direction is narrower than the width of conductive layers 110 of each
of the first and second isolation regions MS1 and MS2 in the Y direction

[0049] As illustrated in FIG. 4B, a total of three gate electrodes of the gate electrode
stack 130, including an uppermost gate electrode 138, may be divided into several
regions in the Y direction by the string insulating layer 103, but the number of the gate

electrodes of the gate electrode stack 130 divided by the string insulating layer 103 is
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not limited thereto.

[0050] With reference to FIGS. 4C and 4D, in the second region II of the substrate
101, each of the gate electrodes of the gate electrode stack 130 may extend to have
different lengths in the X direction to form contact regions CP having a stepped shape.
For example, a lower gate electrode of the gate electrode stack 130 extends to be longer
in the X direction than an upper gate electrode of the gate electrode stack 130. In the
contact regions CP, each of the gate electrodes of the gate electrode stack 130 may be
connected to contact plugs, by which the gate electrode stack 130 are connected to an
upper wiring structure. As illustrated in FIG. 4C, in the contact regions CP, each of the
gate electrodes of the gate electrode stack 130 may have an increased thickness in a Y
direction to be stably connected to the contact plugs. Contact plugs may be, for
example, conductive plugs formed of a conductive material such as a metal.

[0051] As illustrated in FIG 4D, the auxiliary isolation regions DMS may be
alternately disposed with the string isolation regions SS in the X direction in the first
region I and portions of the second region II. The auxiliary isolation regions DMS may
penetrate through all of layers of the gate electrode stack 130 to be connected to the
substrate 101 in the first region I, and in the second region II, may be disposed to
penetrate through a peripheral-region insulating layer 190 and a portion of the gate
electrode stack 130 stacked on the substrate 101.

[0052] FIG. 5 is an exploded perspective diagram illustrating gate electrodes of a
semiconductor device according to example embodiments.

[0053] Referring to FIG 5, a portion of the gate electrode stack 130 disposed
between the first and second isolation regions MS1 and MS2 of FIG. 3 is illustrated.
Among the gate electrodes of the gate electrode stack 130, upper gate electrodes 137

and 138, used as the string select line SSL, and a dummy gate electrode 136 may be
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respectively divided into two subgate electrodes 136a and 136b, 137a and 137b, and
138a and 138b in the Y direction, respectively, by the string isolation regions SS and the
auxiliary isolation regions DMS. Each of the subgate electrodes 136a, 136b, 137a, 137b,
138a and 138b may be connected to a contact plug to receive an electrical signal
independently. The subgate electrodes 136a and 136b, 137a and 137b, and 138a and
138b may have a repetitive bend or step on side surfaces thereof opposing each other.
Such a bend or step may be formed by a difference in widths between the string
isolation regions SS and the auxiliary isolation regions DMS in the Y direction. In
example embodiments, the subgate electrodes 136a, 136b, 137a, 137b, 138a and 138b
may also be extended to have a uniform width without a step on the opposing side
surfaces.

[0054] The other gate electrodes, e.g., the lower gate electrodes of the gate electrode
stack 130 below the dummy gate electrode 136 may not be separated by the string
isolation regions SS, to have a single connected form, such as a gate electrode 135
illustrated in FIG. 5. In detail, the gate electrode 135 may be disposed as a single gate
electrode in a form connected by gate connection portions GC below the string isolation
regions SS. Thus, the gate connection portions GC may connect lower gate electrodes of
the gate electrode stack 130 to each other, to be provided as a single gate electrode
between the first and second isolation regions MS1 and MS2, and thus, may serve as a
support preventing the occurrence of leaning in a stacked structure of the gate electrode
stack 130.

[0055] A length L4 of each of the gate connection portions GC in the X direction
may be less than a distance equal to twice a minimum width W4 of each of the subgate
electrodes 136a, 136b, 137a, 137b, 138a and 138b in the Y direction. For example, as

described above, while filling of a material forming the gate electrode stack 130
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between the first and second isolation regions MS1 and MS2 is completed, the filling of
the material between the auxiliary isolation regions DMS may also be sufficiently
completed. In addition, the length L4 may be greater than a width or a diameter L5 of
the channel CH.

[0056] FIG 6 is a schematic cross-sectional view of a semiconductor device
according to example embodiments. FIG. 6 illustrates a region corresponding to a cross
section region taken along line I-I” in the plan view of FIG. 3.

[0057] Referring to FIG. 6, a structure of an auxiliary isolation region DMS of a
semiconductor device 100a may differ from that in the example embodiment of the
semiconductor device 100 illustrated in FIG. 4A. In an example embodiment of FIG. 6,
the auxiliary isolation region DMS may have substantially the same structure as the first
and second isolation regions MS1 and MS2. The auxiliary isolation region DMS may
have the same width W1 as that of each of the first and second isolation regions MS1
and MS2 in the Y direction, and thus, may have the same structure. A lower portion of a
conductive layer 110 of the auxiliary isolation region DMS may be connected to a
substrate 101 in a manner similar to that of conductive layers 110 of first and second
isolation regions MS1 and MS2. In this exemplary embodiment, the conductive layer
110 of the auxiliary isolation region DMS may not be connected to other wiring
structures, and may not have an electrical signal applied thereto, in a manner different
from the conductive layers 110 of the first and second isolation regions MS1 and MS2.
Alternatively, according to example embodiments, an electrical signal may be applied to
the conductive layer 110 of the auxiliary isolation region DMS, and the electrical signal
may be the same as or different from that of the conductive layers 110 of the first and
second isolation regions MS1 and MS2.

[0058] FIGS. 7A and 7B are schematic plan views of semiconductor devices
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according to example embodiments.

[0059] With reference to FIGS. 7A and 7B, semiconductor devices 100b and 100c
may be different from the semiconductor device 100 according to the example
embodiment of FIG. 3 in that arrangement of auxiliary isolation regions DMS is
different from that in the semiconductor device 100 illustrated in FIG. 3. In example
embodiments of FIGS. 7A and 7B, the auxiliary isolation regions DMS may only be
disposed in portions of a second region II.

[0060] The second region II may include first to third pad regions ST1, ST2 and
ST3 sequentially disposed from the first region I. In the case of gate electrode stack 130
in the second region II, since a lower gate electrode of the gate electrode stack 130
extends to be longer than an upper gate electrode of the gate electrode stack 130 to
provide contact regions CP, the number of the gate electrodes of the gate electrode stack
130 stacked on a substrate 101 may be reduced in a direction from the first pad region
ST1 to the third pad region ST3.

[0061] In the example embodiment of FIG. 7A, the auxiliary isolation regions DMS
may only be disposed in the second pad region ST2 of the second region II. For
example, when the volume of the gate electrode stack 130 is relatively larger in the
second region II than in the first region I due to a density of channels CH or the like, the
auxiliary isolation regions DMS may only be disposed in the second pad region ST2,
except for the first pad region ST1 adjacent to the first region I and the third pad region
ST3 in which the number of the gate electrodes of the gate electrode stack 130 is
relatively small. Thus, the gate electrode stack 130 may be easily formed.

[0062] The second pad region ST2 may be a region including a contact region CP,
of a gate electrode 130, located centrally in a direction perpendicular to an upper surface

of the substrate 101, among the gate electrodes of the gate electrode stack 130. For

23



10

15

20

25

example, when the total number of gate electrodes of the gate electrode stack 130 is N,
and thus, N number of contact regions CP are disposed, 0.2N number to 0.3N number of
contact regions CP may be disposed in the first and third pad regions ST1 and ST3,
respectively, and 0.4N number to 0.6N number of contact regions CP may be disposed
in the second pad region ST2. The numbers of the contact regions CP included in the
first pad region ST1 and the third pad region ST3 may be different from each other. In
the second pad region ST2, the auxiliary isolation regions DMS may be disposed
linearly with the string isolation region SS, and may be arranged to have a
predetermined spacing distance therebetween.

[0063] In the example embodiment of FIG. 7B, the auxiliary isolation regions DMS
may only be disposed in the first and third pad regions ST1 and ST3. For example, in
the case in which the second pad region ST2 is relatively vulnerable to inclination, the
auxiliary isolation regions DMS may only be disposed in the first pad region ST1
adjacent to the first region I and in the third pad region ST3 in which the number of the
gate electrodes of the gate electrode stack 130 is relatively small. A region in which the
auxiliary isolation regions DMS are disposed may be differently selected according to
example embodiments, in consideration of the volume of the gate electrode stack 130,
an aspect ratio of a stacked structure of the gate electrode stack 130, processes applied
thereto, and the like. In example embodiments, the auxiliary isolation regions DMS may
be arranged to have different distances therebetween in the X direction in the first to
third pad regions ST1, ST2 and ST3.

[0064] According to example embodiments, the auxiliary isolation regions DMS
may also be disposed in the first region I as in the example embodiment of FIG. 3, and
in the case of the second region II, may only be disposed in the second pad region ST2

in the same manner as the example embodiment of FIG. 7A. Further, in example
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embodiments, the auxiliary isolation regions DMS may be arranged to have different
densities in the first region I and the second region II. For example, the auxiliary
isolation regions DMS may be arranged at a higher density in the second region II than
in the first region I, and may also be arranged at different densities within the first
region I and the second region II.

[0065] FIGS. 8A to 12B are schematic plan views and cross-sectional views
illustrating a method of manufacturing a semiconductor device according to example
embodiments.

[0066] With reference to FIGS. 8A and 8B, sacrificial layers 181 to 188
(collectively, sacrificial layers 180) and interlayer insulating layers 121 to 129
(collectively, interlayer insulating layers 120) may be alternately stacked on a substrate
101, and portions of the sacrificial layers 180 and the interlayer insulating layers 120
may be removed in such a manner that the sacrificial layers 180 extend to have different
lengths in an X direction.

[0067] The sacrificial layers 180 may be layers replaced with gate electrodes of the
gate electrode stack 130 in a subsequent process. The sacrificial layers 180 may be
formed of a material that may be etched with etch selectivity with respect to the
interlayer insulating layers 120. For example, the interlayer insulating layers 120 may
be formed of at least one of a silicon oxide and a silicon nitride, and the sacrificial
layers 180 may be formed of a material composition selected from silicon, silicon oxide,
silicon carbide, and silicon nitride, and that is different from a material composition of
the interlayer insulating layers 120. In example embodiments, thicknesses of the
interlayer insulating layers 120 may not all be equal to each other. For example, a
lowermost interlayer insulating layer 121 may be formed to have a relatively reduced

thickness in a Z direction, and an uppermost interlayer insulating layer 129 may be
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formed to have a relatively increased thickness in the Z direction. Thicknesses of, and
the number of layers constituting, the interlayer insulating layers 120 and the sacrificial
layers 180, may be variously modified from those illustrated in the drawings.

[0068] A photolithography process and an etching process for the sacrificial layers
180 may be repeatedly performed such that upper sacrificial layers 180 may extend to
have a shorter length in an X direction than those of lower sacrificial layers 180 in the
second region II in the X direction. Thus, the sacrificial layers 180 may be formed to
have a stepped shape. Subsequently, end portions of the sacrificial layers 180 may be
formed to have a relatively increased thickness by further depositing a material forming
the sacrificial layers 180 on regions of the sacrificial layers 180 exposed by extending to
be longer in the X direction than upper sacrificial layers 180 and by etching the material
deposited on sides of the interlayer insulating layers 120 in the case in which the
material is deposited on the sides of the interlayer insulating layers 120. Next, a
peripheral-region insulating layer 190 covering an upper portion of a stacked structure
of the sacrificial layers 180 and the interlayer insulating layers 120 may be formed.
[0069] With reference to FIGS. 9A and 9B, portions of the sacrificial layers 180 and
the interlayer insulating layers 120 may be removed to form a string isolation region SS.
[0070] The string isolation region SS may extend in an X direction and may extend
from the first region I to at least a portion of the second region II. A separate mask layer
may be used to expose a region in which the string isolation region SS is to be formed
and a predetermined number of sacrificial layers 180 and interlayer insulating layers
120 may be removed from an uppermost portion. The string insulating layer 103 may be
formed by depositing an insulating material in the region formed by removing the
sacrificial layers 180 and the interlayer insulating layers 120. The string insulating layer

103 may be formed of a material having etch selectivity with respect to the sacrificial
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layers 180, and for example, may be formed of the same material as that of the
interlayer insulating layer 120.

[0071] With reference to FIGS. 10A and 10B, channels CH may be formed to
penetrate through a stacked structure of the sacrificial layers 180 and the interlayer
insulating layers 120.

[0072] The channels CH may be formed by anisotropically etching the sacrificial
layers 180 and the interlayer insulating layers 120, and may be formed in a hole shape.
Due to a height of the stacked structure, sidewalls of the channels CH may not be
perpendicular to an upper surface of the substrate 101. In example embodiments, the
channels CH may be formed in such a manner that portions of the substrate 101 are
recessed by the formation of the channels. Subsequently, an epitaxial layer 105, at least
a portion of a gate dielectric layer 145, a channel region 140, a channel insulating layer
150, and a channel pad 155 may be formed in the channels CH.

[0073] The epitaxial layer 105 may be formed using a selective epitaxial growth
(SEQG) process. The epitaxial layer 105 may be formed of a single layer or a plurality of
layers. The epitaxial layer 105 may include polycrystalline silicon, singlecrystalline
silicon, polycrystalline germanium or singlecrystalline germanium, doped or undoped
with impurities.

[0074] The gate dielectric layer 145 may be formed to have a uniform thickness
using atomic layer deposition (ALD) or chemical vapor deposition (CVD). In this
operation, a portion or the entirety of the gate dielectric layer 145 may be formed, an
portions of the gate dielectric layer 145 extending perpendicularly to an upper surface of
the substrate 101 along the channels CH, for example, the tunneling layer 142 and the
charge storage layer 143 of FIG. 4A may be formed. The channel region 140 may be

formed on the gate dielectric layer 145 in the channels CH. The channel insulating layer
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150 may be formed to fill the channels CH and may be formed of an insulating material,
but according to example embodiments, the channel regions 140 may be filled with a
conductive material rather than the channel insulating layer 150. The channel pad 155
may be made of a conductive material, for example, polycrystalline silicon.

[0075] A portion of the channels CH may be provided as dummy channels, and
dummy channels may also be formed in the second region II. For example, the channels
CH formed to overlap the string isolation region SS may correspond to dummy
channels.

[0076] With reference to FIGS. 11A and 11B, first and second isolation regions
MS1 and MS2 and auxiliary isolation regions DMS, penetrating through the stacked
structure of the sacrificial layers 180 and the interlayer insulating layers 120, may be
formed, and the sacrificial layers 180 exposed therethrough may be removed.

[0077] The first and second isolation regions MS1 and MS2 and the auxiliary
isolation regions DMS may be formed by forming a mask layer using a
photolithography process and anisotropically etching the stacked structure. The first and
second isolation regions MS1 and MS2 may be formed in a trench shape extending in
an X direction. The auxiliary isolation regions DMS may be formed in the shape of a
rectangular or elliptical opening extending in the X direction. In this operation, the
substrate 101 provided below the first and second isolation regions MS1 and MS2 and
the auxiliary isolation regions DMS may be exposed therethrough.

[0078] The sacrificial layers 180 may be selectively removed with respect to the
interlayer dielectric layers 120 using, for example, wet etching. A plurality of side
openings may be formed between the interlayer insulating layers 120, and portions of
sidewalls of the gate dielectric layers 145 in the channels CH may be exposed through

the side openings.
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[0079] Referring to FIGS. 12A and 12B, gate electrodes of the gate electrode stack
130 may be formed by filling regions formed by removing the sacrificial layers 180
with a conductive material, and an insulating layer 170 may be formed in the first and
second isolation regions MS1 and MS2 and the auxiliary isolation regions DMS.

[0080] Each of the gate electrodes of the gate electrode stack 130 may include a
metal, polycrystalline silicon, or a metal silicide material. The auxiliary isolation
regions DMS may provide a transfer path of the material forming the gate electrode
stack 130 together with the first and second isolation regions MS1 and MS2. Filling of
the gate electrodes of the gate electrode stack 130 may be effectively performed by the
auxiliary isolation regions DMS even when a spacing distance between the first and
second isolation regions MS1 and MS2 in a Y direction is relatively large. Since the
auxiliary isolation regions DMS are not in the form of trenches continuously extending
as in the first and second isolation regions MS1 and MS2, the gate electrodes of the gate
electrode stack 130 may be connected between adjacent auxiliary isolation regions
DMS, and thus, the stacked structure including the gate electrode stack 130 may be
prevented from leaning due to stress caused by a material forming the gate electrode
stack 130. After the gate electrode stack 130 is formed, the material of the gate electrode
stack 130 deposited in the first and second isolation regions MS1 and MS2 and the
auxiliary isolation regions DMS may be removed through an additional process.

[0081] Then, the insulating layer 107 may be formed in the first and second
isolation regions MS1 and MS2 and the auxiliary isolation regions DMS. In the first and
second isolation regions MS1 and MS2, the insulating layer 107 may be formed in the
form of a spacer. For example, after an insulating material is deposited, the insulating
material formed on the substrate 101 may be removed from lower portions of the first

and second isolation regions MS1 and MS2. In this exemplary embodiment, in the case
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of the auxiliary isolation regions DMS having a relatively small size, a thickness of the
insulating material formed on the substrate 101 may be relatively great such that the
insulating material may remain in lower portions of the auxiliary isolation regions
without being completely removed therefrom. Thus, in the case of the auxiliary isolation
regions DMS, the insulating layer 107 may be formed to cover an upper surface of the
substrate 101, in a manner different from the first and second isolation regions MS1 and
MS2.

[0082] Then, a conductive layer 110 may be deposited on the insulating layer 107,
such that the semiconductor device 100 illustrated in FIGS. 3 to 4D may be
manufactured.

[0083] FIG 13 is a schematic cross-sectional view of a semiconductor device
according to example embodiments.

[0084] Referring to FIG. 13, a semiconductor device 200 may include a memory cell
region CELL and a peripheral circuit region PERI. The memory cell region CELL may
be disposed on an upper end of the peripheral circuit region PERI. According to
example embodiments, the memory cell region CELL may also be disposed on a lower
end of the peripheral circuit region PERL

[0085] The memory cell region CELL may include a substrate 101, gate electrode
stack 130 stacked on the substrate 101, channels CH arranged to penetrate through the
gate electrode stack 130, first and second isolation regions MS1 and MS2 extending
while penetrating through the gate electrode stack 130, and string isolation regions SS
and a plurality of auxiliary isolation regions DMS penetrating through portions of the
gate electrode stack 130, as described above with reference to FIGS. 3 to 4D. In the
example embodiment, the memory cell region CELL may be illustrated as having the

same structure as the example embodiment of FIGS. 3 to 4D, but is not limited thereto.
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The memory cell region CELL may have a structure according to various embodiments,
for example, as described above with reference to FIGS. 6 to 7b.

[0086] The peripheral circuit region PERI may include a base substrate 201, circuit
elements 230 disposed on the base substrate 201, contact plugs 250, and wiring lines
260. The wiring lines described above may also be formed of a conductive material, for
example, a metal.

[0087] The base substrate 201 may have an upper surface extended in X and Y
directions. In the base substrate 201, device isolation layers 210 may be formed to
define active regions. Doping regions 205 including impurities may be disposed in a
portion of the active regions. The base substrate 201 may include a semiconductor
material, for example, a group IV semiconductor material, a group III-V compound
semiconductor material, or a group II-VI oxide semiconductor material.

[0088] The circuit elements 230 may include a planar transistor. Each of the circuit
elements 230 may include a circuit gate insulating layer 232, a spacer layer 234, and a
circuit gate electrode 235. The doping regions 205 may be disposed in the base substrate
201 on both sides of the circuit gate electrode 235 to serve as a source region or a drain
region of the circuit element 230.

[0089] A plurality of peripheral-region insulating layers 240 may be disposed on the
circuit elements 230, above the base substrate 201. The contact plugs 250 may penetrate
through the peripheral-region insulating layers 240 to be connected to the doping
regions 205. An electrical signal may be applied to the circuit elements 230 via the
contact plugs 250. The contact plugs 250 may also be connected to the circuit gate
electrodes 235 in a region not illustrated in the drawing. The wiring lines 260 may be
connected to the contact plugs 250, and may be arranged in a plurality of layers.

[0090] In the case of the semiconductor device 200, after the peripheral circuit
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region PERI is first formed, the substrate 101 of the memory cell region CELL may be
formed thereon to form the memory cell region CELL. The substrate 101 may have the
same size as that of the base substrate 201, or may be formed to have a size smaller than
that of the base substrate 201. The memory cell region CELL and the peripheral circuit
region PERI may be connected to each other in a region not illustrated in the drawing.
For example, one end of the gate electrode 130 stack in an X direction may be
electrically connected to the circuit element 230.

[0091] By disposing a plurality of auxiliary isolation regions between isolation
regions, a semiconductor device having improved reliability may be provided.

[0092] Various embodiments may include a semiconductor device. The
semiconductor device may comprise a substrate having a first region and a second
region; a gate electrode stack having a plurality of gate electrodes vertically stacked and
spaced apart from each other in a first direction perpendicular to an upper surface of the
substrate in the first region, and extending to have different lengths in a second direction
parallel to the upper surface of the substrate from the first region to the second region;
first and second isolation regions extending in the second direction perpendicular to the
first direction, while penetrating through the gate electrode stack on the substrate, in the
first and second regions; string isolation regions disposed between the first isolation
region and the second isolation region in the first region, and extending in the second
direction while penetrating through a portion of the gate electrode stack; and a plurality
of auxiliary isolation regions disposed linearly with the string isolation regions in at
least one of the first and second regions, and spaced apart from each other in the second
direction.

[0093] In various embodiments of the semiconductor device, the string isolation

regions are alternately arranged with the plurality of auxiliary isolation regions in the
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first region.

[0094] In various embodiments of the semiconductor device, the plurality of
auxiliary isolation regions are disposed with different densities in the first region and
the second region.

[0095] In various embodiments of the semiconductor device, the second region may
comprise first to third pad regions sequentially disposed from the first region, and the
plurality of auxiliary isolation regions are only disposed in the second pad region.
[0096] In various embodiments of the semiconductor device, the second pad region
is a region in which an end portion of a gate electrode, disposed in a center in the first
direction among the gate electrodes, is located.

[0097] In various embodiments of the semiconductor device, the plurality of
auxiliary isolation regions are disposed to have two or more spacing distances different
from each other.

[0098] In various embodiments of the semiconductor device, a width of each of the
plurality of auxiliary isolation regions in a third direction perpendicular to the first and
second directions is equal to or narrower than a width of each of the first and second
isolation regions in the third direction.

[0099] In various embodiments of the semiconductor device, a width of each of the
plurality of auxiliary isolation regions in a third direction perpendicular to the first and
second directions is greater than a width of each of the string isolation regions in the
third direction.

[00100] In various embodiments of the semiconductor device, a distance
between the plurality of auxiliary isolation regions adjacent to each other in the second
direction is less than twice a distance between the first and second isolation regions and

the plurality of auxiliary isolation regions in a third direction perpendicular to the first
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and second directions.

[00101] In various embodiments of the semiconductor device, a length of each
of the plurality of auxiliary isolation regions in the second direction is within a range of
200 nm to 2000 nm.

[00102] In various embodiments of the semiconductor device, each of the
plurality of auxiliary isolation regions may comprise an insulating layer and a
conductive layer filling the insulating layer.

[00103] In various embodiments of the semiconductor device, the first and
second isolation regions may have a structure same as that of the auxiliary isolation
regions.

[00104] In various embodiments of the semiconductor device, each of the first
and second isolation regions and each of the plurality of auxiliary isolation regions may
comprise an insulating layer and a conductive layer filling the insulating layer, and the
conductive layer is in contact with the substrate to be connected to the substrate in the
first and second isolation regions, and is disposed to be spaced apart from the substrate
by the insulating layer in the plurality of auxiliary isolation regions.

[00105] In various embodiments of the semiconductor device, the string
isolation regions penetrate through at least one or more gate electrodes of the gate
electrode stack, including an uppermost gate electrode, among the gate electrodes of the
gate electrode stack.

[00106] In various embodiments, the semiconductor may further comprise
channel regions extending vertically in the first direction on the substrate in the first
region.

[00107] Various embodiments may include a semiconductor device. The

semiconductor device may comprise a substrate having a first region and a second
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region; a plurality of gate electrodes vertically stacked and spaced apart from each other
in a first direction perpendicular to an upper surface of the substrate in the first region,
each of the plurality of gate electrodes extends to have different length from each other
in a direction from the first region to the second region; a plurality of common source
lines disposed between the plurality of gate electrodes in the first and second regions,
and extending in a second direction perpendicular to the first direction; and a plurality
of dummy common source lines disposed between the common source lines in at least
one of the first and second regions, and spaced apart from each other in the second
direction.

[00108] In various embodiments of the semiconductor device, each of the
common source lines and each of the dummy common source lines may comprise a
conductive layer disposed to be spaced apart from the plurality of gate electrodes.
[00109] In various embodiments of the semiconductor device, the conductive
layer in the common source lines is in contact with the substrate to be connected to the
substrate, and the conductive layer in the dummy common source lines is spaced apart
from the substrate by an insulating layer.

[00110] In various embodiments of the semiconductor device, thicknesses of
the conductive layers in the common source lines are different from thicknesses of the
conductive layers in the dummy common source lines.

[00111] In various embodiments of the semiconductor device, widths of the
conductive layers in the common source lines are different from widths of the
conductive layers in the dummy common source lines.

[00112] In various embodiments, the semiconductor may further comprise
string isolation regions disposed between the dummy common source lines in the first

region, and penetrating through a portion of the plurality of gate electrodes.
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[00113] In various embodiments of the semiconductor device, the string
isolation regions are formed of an insulating layer.

[00114] While example embodiments have been shown and described above, it
will be apparent to those skilled in the art that modifications and variations could be
made without departing from the scope of the present inventive concept as defined by

the appended claims.
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What Is Claimed Is:

1. A semiconductor device comprising:

a substrate having a first region and a second region,;

a gate electrode stack having a plurality of gate electrodes vertically stacked
and spaced apart from each other in a first direction perpendicular to an upper surface of
the substrate in the first region, and extending to have different lengths in a second
direction parallel to the upper surface of the substrate from the first region to the second
region;

first and second isolation regions extending in the second direction
perpendicular to the first direction, while penetrating through the gate electrode stack on
the substrate, in the first and second regions;

string isolation regions disposed between the first isolation region and the
second isolation region in the first region, and extending in the second direction while
penetrating through a portion of the gate electrode stack; and

a plurality of auxiliary isolation regions disposed linearly with the string
isolation regions in the first and second regions, and spaced apart from each other in the

second direction.

2. The semiconductor device of claim 1, wherein the string isolation
regions are alternately arranged with the plurality of auxiliary isolation regions in the

first region.

3. The semiconductor device of claim 1 or claim 2, wherein the plurality

of auxiliary isolation regions are disposed with different densities in the first region and

the second region.
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4. The semiconductor device of any one of claims 1 to 3, wherein the
plurality of auxiliary isolation regions are disposed to have two or more spacing

distances different from each other.

5. The semiconductor device of any one of claims 1 to 4, wherein a width
of each of the plurality of auxiliary isolation regions in a third direction perpendicular to
the first and second directions is equal to or narrower than a width of each of the first

and second isolation regions in the third direction.

6. The semiconductor device of any one of claims 1 to 5, wherein a width
of each of the plurality of auxiliary isolation regions in a third direction perpendicular to
the first and second directions is greater than a width of each of the string isolation

regions in the third direction.

7. The semiconductor device of any one of claims 1 to 6, wherein a
distance between the plurality of auxiliary isolation regions adjacent to each other in the
second direction is less than twice a distance between the first and second isolation
regions and the plurality of auxiliary isolation regions in a third direction perpendicular

to the first and second directions.

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

the plurality of auxiliary isolation regions comprises an insulating layer and a

conductive layer filling the insulating layer.
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9. The semiconductor device of claim 8, wherein the first and second

isolation regions have a structure same as that of the auxiliary isolation regions.

10. The semiconductor device of any one of claims 1 to 8, wherein each of
the first and second isolation regions and each of the plurality of auxiliary isolation
regions comprise an insulating layer and a conductive layer filling the insulating layer,
and

the conductive layer is in contact with the substrate to be connected to the
substrate in the first and second isolation regions, and is disposed to be spaced apart

from the substrate by the insulating layer in the plurality of auxiliary isolation regions.

11. A semiconductor device comprising:

a substrate having a first region and a second region,;

a plurality of gate electrodes vertically stacked and spaced apart from each
other in a first direction perpendicular to an upper surface of the substrate in the first
region, each of the plurality of gate electrodes extends to have different length from
each other in a direction from the first region to the second region;

a plurality of common source lines disposed between the plurality of gate
electrodes in the first and second regions, and extending in a second direction
perpendicular to the first direction; and

a plurality of dummy common source lines disposed between the common
source lines in the first and second regions, and spaced apart from each other in the

second direction.

12. The semiconductor device of claim 11, wherein each of the common
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source lines and each of the dummy common source lines comprise a conductive layer

disposed to be spaced apart from the plurality of gate electrodes.

13. The semiconductor device of claim 12, wherein the conductive layer in
the common source lines is in contact with the substrate to be connected to the
substrate, and the conductive layer in the dummy common source lines is spaced apart

from the substrate by an insulating layer.

14. The semiconductor device of claim 12 or claim 13, wherein thicknesses
of the conductive layers in the common source lines are different from thicknesses of

the conductive layers in the dummy common source lines.

15. The semiconductor device of any one of claims 12 to 14, wherein
widths of the conductive layers in the common source lines are different from widths of

the conductive layers in the dummy common source lines.

16. A semiconductor device comprising:

a substrate having a first region and a second region,;

gate electrodes vertically stacked and spaced apart from each other in a first
direction, perpendicular to an upper surface of the substrate, each of the gate electrodes
extends to have different length from each other in a second direction perpendicular to
the first direction from the first region to the second region; and

first and second isolation regions extending in the second direction, while
penetrating through all of the gate electrodes stacked on the substrate, in the first and

second regions,
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a plurality of auxiliary isolation regions disposed in the first and second regions
linearly with string isolation regions,

wherein the string isolation regions are disposed between the first isolation
region and the second isolation region in the first region,

wherein among the gate electrodes, at least one uppermost gate electrode is
divided into first and second subgate electrodes having a minimum width of a first
length in a third direction perpendicular to the first and second directions, between the
first and second isolation regions,

at least one of the gate electrodes, disposed in the middle of the gate electrodes,
is connected between the first and second isolation regions by a plurality of gate
connection portions spaced apart from each other in the second direction, and

each of the gate connection portions has a second length in the second direction,

less than twice the first length.

17. The semiconductor device of claim 16, wherein the first and second

subgate electrodes have repetitive bends or steps on side surfaces opposing each other.

18. The semiconductor device of claim 16 or claim 17, further comprising
channel regions extending vertically in the first direction on the substrate,
wherein the second length is greater than a width of each of the channel

regions.
19. A semiconductor device comprising:
a substrate having a first region and a second region;

a gate electrode stack having a plurality of gate electrodes vertically stacked
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and spaced apart from each other in a first direction perpendicular to an upper surface of
the substrate in the first region, and extending to have different lengths in a second
direction parallel to the upper surface of the substrate from the first region to the second
region;

first and second isolation regions extending in the second direction
perpendicular to the first direction, while penetrating through the gate electrode stack on
the substrate, in the first and second regions;

string isolation regions disposed between the first isolation region and the
second isolation region in the first region, and extending in the second direction while
penetrating through a portion of the gate electrode stack; and

a plurality of auxiliary isolation regions disposed linearly with the string
isolation regions in at least one of the first and second regions, and spaced apart from
each other in the second direction,

wherein the second region comprises first to third pad regions sequentially
disposed from the first region, and

the plurality of auxiliary isolation regions in the second region are only

disposed in the second pad region.

20. The semiconductor device of claim 19, wherein the second pad region

is a region in which an end portion of a gate electrode, disposed in a center in the first

direction among the gate electrodes, is located.
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