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VERTICAL SEMICONDUCTOR DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2017-0096992,
filed on Jul. 31, 2017, in the Korean Intellectual Property
Office (KIPO), the contents of which are incorporated by
reference herein in their entirety.

TECHNICAL FIELD

[0002] Example embodiments relate to vertical semicon-
ductor devices, and more particularly, relate to vertical
NAND flash memory devices.

DISCUSSION OF RELATED ART

[0003] A vertical semiconductor device may include a
plurality of memory cells vertically stacked at a plurality of
levels, respectively. As the number of vertically stacked
memory cells included in the vertical semiconductor device
increases, it is not easy to form the memory cells without the
concern of increasing electrical failures.

SUMMARY

[0004] Example embodiments of the present inventive
concept provide a vertical semiconductor device with
reduced electrical failures.

[0005] According to an example embodiment of the pres-
ent inventive concept, there is provided a vertical memory
device that may include a conductive pattern structure, a pad
structure, a plurality of channel structures, a plurality of first
dummy structures and a plurality of second dummy struc-
tures. The conductive pattern structure may be formed in a
first region of a substrate, and may extend in a first direction.
The pad structure may be formed in a second region of the
substrate adjacent to each of opposite sides of the first region
of the substrate, and may contact a side of the conductive
pattern structure. The plurality of channel structures may
extend through the conductive pattern structure, and may be
regularly arranged on the substrate. The plurality of first
dummy structures may extend through the conductive pat-
tern structure, and may be disposed in a portion of the first
region of the substrate adjacent to the second region thereof.
The plurality of second dummy structures may extend
through the pad structure on the substrate. Each of the
plurality of channel structures may have a first width in the
first direction, and each of the plurality of first dummy
structure may have a second width in the first direction
greater than the first width.

[0006] According to an example embodiment of the pres-
ent inventive concept, there is provided a vertical memory
device that may include a conductive pattern structure, a pad
structure, a plurality of channel structures, a plurality of first
dummy structures and a plurality of second dummy struc-
tures. The conductive pattern structure may be formed in a
first region of a substrate, and may extend in a first direction.
The pad structure may be formed in a second region of the
substrate adjacent to each of opposite sides of the first region
of the substrate, and may contact a side of the conductive
pattern structure. The plurality of channel structures may
extend through the conductive pattern structure, and may be
regularly arranged on the substrate. The plurality of first
dummy structures may extend through the conductive pat-
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tern structure, and may be disposed in a portion of the first
region of the substrate adjacent to the second region thereof.
The plurality of second dummy structures may extend
through the pad structure on the substrate. Neighboring ones
of the plurality of channel structures in the first direction
may have a first pitch, and ones of the plurality of channel
structures and ones of the plurality of first dummy structures
adjacent to each other in the first direction may have a
second pitch greater than the first pitch.

[0007] According to an example embodiment of the pres-
ent inventive concept, there is provided a vertical memory
device that may include a conductive pattern structure, a pad
structure, a plurality of channel structures, a plurality of first
dummy structures and a plurality of second dummy struc-
tures. The conductive pattern structure may be formed in a
first region of a substrate, and may extend in a first direction.
The pad structure may be formed in a second region of the
substrate adjacent to each of opposite sides of the first region
of the substrate, and may contact a side of the conductive
pattern structure. The plurality of channel structures may
extend through the conductive pattern structure, and may be
regularly arranged on the substrate. The plurality of first
dummy structures may extend through the conductive pat-
tern structure, and may be disposed in a portion of the first
region of the substrate adjacent to the second region thereof.
An upper surface of each of the plurality of first dummy
structures may have a shape different from a shape of an
upper surface of each of the plurality of channel structures.
The plurality of second dummy structures may extend
through the pad structure on the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Example embodiments of the present inventive
concept will be more clearly understood from the following
detailed description taken in conjunction with the accom-
panying drawings, in which:

[0009] FIGS. 1 and 2 are a cross-sectional view and a plan
view, respectively, illustrating a vertical semiconductor
device in accordance with an example embodiment of the
present inventive concept;

[0010] FIG. 3 is an enlarged plan view of a portion ‘Al’
in FIG. 2;

[0011] FIG. 4 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0012] FIG. 5 is an enlarged plan view of a portion ‘A2’
in FIG. 4;
[0013] FIG. 6 is a plan view illustrating a vertical semi-

conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0014] FIG. 7 is an enlarged plan view of a portion ‘A3’
in FIG. 6;
[0015] FIG. 8 is a plan view illustrating a vertical semi-

conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0016] FIG. 9 is an enlarged plan view of a portion ‘A4’
in FIG. 8;
[0017] FIG. 10 is a plan view illustrating a vertical semi-

conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0018] FIG. 11 is an enlarged plan view of a portion ‘A5’
in FIG. 10;
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[0019] FIG. 12 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0020] FIG. 13 is an enlarged plan view of a portion ‘A6’
in FIG. 12;

[0021] FIG. 14 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0022] FIGS. 15 to 25 are cross-sectional views and plan
views illustrating stages of a method of manufacturing a
vertical semiconductor device in accordance with an
example embodiment of the present inventive concept;
[0023] FIG. 26 is a cross-sectional view illustrating a
vertical semiconductor device in accordance with an
example embodiment of the present inventive concept;
[0024] FIGS. 27 and 28 are cross-sectional views illus-
trating stages of a method of manufacturing a vertical
semiconductor device in accordance with an example
embodiment of the present inventive concept;

[0025] FIG. 29 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0026] FIG. 30 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept;

[0027] FIG. 31 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept; and

[0028] FIG. 32 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept.

[0029] Since the drawings in FIGS. 1-32 are intended for
illustrative purposes, the elements in the drawings are not
necessarily drawn to scale. For example, some of the ele-
ments may be enlarged or exaggerated for clarity purpose.

DESCRIPTION OF EMBODIMENTS

[0030] FIGS. 1 and 2 are a cross-sectional view and a plan
view, respectively, illustrating a vertical semiconductor
device in accordance with an example embodiment of the
present inventive concept. FIG. 3 is an enlarged plan view
of a portion ‘A1’ in FIG. 2. FIG. 1 is a cross-sectional view
taken along line I-I' of FIG. 2.

[0031] Referring to FIGS. 1, 2 and 3, a substrate 100 may
include a first region R1 in which memory cells may be
formed in three dimensions, and a second region R2 in
which wirings connected to the memory cells may be
formed. The memory cells may be vertically stacked on the
substrate 100 in the first region R1.

[0032] A conductive pattern structure 140, a channel struc-
ture 122 and a first dummy structure 124 may be formed in
the first region R1. A pad structure 142, a second dummy
structure 126 and a contact plug 136 may be formed in the
second region R2.

[0033] The substrate 100 may be a semiconductor sub-
strate, and may include, e.g., a silicon (Si) substrate, a
germanium (Ge) substrate, a silicon-germanium (SiGe) sub-
strate, or a silicon on insulator (SOI) substrate.

[0034] First, the conductive pattern structure 140 of the
first region R1 will be described.

[0035] The conductive pattern structure 140 may include
conductive patterns 134 and insulation layers 102 alternately
and repeatedly stacked on each other on the substrate 100.
The conductive patterns 134 may be spaced apart from each
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other in a third direction substantially perpendicular to an
upper surface of the substrate 100, i.e., substantially per-
pendicular to a first direction and a second direction. The
conductive patterns 134 may be electrically separated from
each other by the insulating layers 102.

[0036] The conductive pattern structure 140 may extend in
the first direction. In an example embodiment of the present
inventive concept, a plurality of conductive pattern struc-
tures 140 may be spaced apart from each other in the second
direction substantially perpendicular to the first direction.
[0037] The conductive patterns 134 in the conductive
pattern structure 140 may include a ground selection line
(GSL), a string selection line (SSL) and a plurality of word
lines between the GSL and SSL. The GSL may be the
lowermost of the conductive patterns 134, and the closest to
the substrate 100.

[0038] The conductive pattern 134 may include a metal. In
an example embodiment of the present inventive concept,
the conductive pattern 134 may include a metal pattern and
a barrier pattern. The metal pattern may include at least one
of, e.g., tungsten (W), copper (Cu), cobalt (Co), aluminum
(Al), etc., and the barrier pattern may include at least one of,
e.g., titanium (Ti), titanium nitride (TiN), tantalum (Ta),
tantalum nitride (TaN), etc.

[0039] Hereinafter, the pad structure 142 in the second
region R2 will be described.

[0040] The pad structure 142 may contact each of opposite
ends of the conductive pattern structure 140 in the first
direction, and the conductive pattern structure 140 and the
pad structure 142 may be merged into a single body extend-
ing in the first direction. For example, the pad structure 142
in the second region R2 of the substrate 100 may be adjacent
to each of opposite sides of the first region R1 of the
substrate 100, and may contact a side of the conductive
pattern structure 140.

[0041] The pad structure 142 may include the conductive
patterns 134 and the insulation layers 102 alternately and
repeatedly stacked on each other. That is, the conductive
patterns 134 in the pad structure 142 and the conductive
patterns 134 in the conductive pattern structure 140 may be
merged into a single body including substantially the same
material. Also, the insulation layers 102 in the pad structure
142 and the insulation layers 102 in the conductive pattern
structure 140 may be merged into a single body including
substantially the same material.

[0042] Inan example embodiment of the present inventive
concept, the pad structure 142 may have a staircase shape.
That is, edge portions of the conductive patterns 134 in the
first direction may have a staircase shape, so that the
conductive patterns 134 may have different levels in the
third direction. Each of the edge portions of the conductive
patterns 134 may be a portion of a conductive pattern 134
not vertically overlapped by another conductive pattern 134
immediately above. In other words, the lengths of the
conductive patterns 134 in the first direction may be greater
as the conductive patterns 134 are closer to the substrate
100. The edge portions of the conductive patterns 134
having the different levels may serve as pads on which
contact plugs may be formed, respectively. In an example
embodiment of the present inventive concept, the number of
the pads in the pad structure 142 may be substantially the
same as the number of the stacked conductive patterns 134
in the conductive pattern structure 140.
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[0043] In an example embodiment of the present inventive
concept, the pad structure 142 may include step portions in
each of the first and second directions. For example, the pad
structure 142 may include a plurality of steps disposed at a
plurality of levels, respectively, in the first direction, and a
plurality of steps disposed at a plurality of sub-levels,
respectively, in each level in the second direction.

[0044] A first upper insulating interlayer 108 may cover
the pad structure 142 in the second region R2. A second
upper insulating interlayer 128 may be formed on the first
upper insulating interlayer 108 and the conductive pattern
structure 140 in the second and first regions R2 and R1,
respectively.

[0045] An upper surface of each of the first and second
upper insulating interlayers 108 and 128 may be substan-
tially flat.

[0046] The channel structure 122 and the first dummy
structure 124 may extend in the third direction through the
conductive pattern structure 140 in the first region R1, and
may have a pillar shape. The first dummy structure 124 may
be disposed in an edge portion of the first region R1 adjacent
to the second region R2. The second dummy structure 126
may extend in the third direction through the first upper
insulating interlayer 108 and the pad structure 142 in the
second region R2, and may have a pillar shape.

[0047] In an example embodiment of the present inventive
concept, the channel structure 122 may be formed in a
channel hole extending in the third direction through the
conductive pattern structure 140 and exposing an upper
surface of the substrate 100 in the first region R1. The first
dummy structure 124 may be formed in a first dummy hole
extending in the third direction through the conductive
pattern structure 140 and exposing an upper surface of the
substrate 100 in an edge portion of the first region R1
adjacent to the second region R2. The second dummy
structure 126 may be formed in a second dummy hole
extending in the third direction through the first upper
insulating interlayer 108 and the pad structure 142 and
exposing an upper surface of the substrate 100. In an
example embodiment of the present inventive concept, the
formation of the channel hole, the first dummy hole and the
second dummy hole, and the formation of the channel
structure 122, the first dummy structure 124 and the second
dummy structure 126 may each be performed simultane-
ously. Alternatively, the channel hole, the first dummy hole
and the second dummy hole may be formed separately,
and/or the channel structure 122, the first dummy structure
124 and the second dummy structure 126 may be formed
separately in the process of fabricating the vertical semi-
conductor device.

[0048] In an example embodiment of the present inventive
concept, semiconductor patterns 112 may be further formed
at lower portions of the channel hole, the first dummy hole
and the second dummy hole, respectively. The semiconduc-
tor patterns 112 may be formed between the substrate 100
and the channel structure 122, between the substrate 100 and
the first dummy structure 124, and between the substrate 100
and the second dummy structure 126. Each of the channel
structure 122, the first dummy structure 124 and the second
dummy structure 126 may be formed on the semiconductor
pattern 112, but the present inventive concept is not limited
thereto. For example, in an example embodiment of the
present inventive concept, each of the channel structure 122,
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the first dummy structure 124 and the second dummy
structure 126 may directly contact the substrate 100.

[0049] The channel structure 122 and the first and second
dummy structures 124 and 126 may have substantially the
same stacked structure. In an example embodiment of the
present inventive concept, each of the channel structure 122
and the first and second dummy structures 124 and 126 may
include a dielectric structure 114, a channel 116, a filling
insulation pattern 118 and an upper conductive pattern 120.
However, the present inventive concept is not limited
thereto. For example, within the stacked structures of the
channel structure 122, the first dummy structure 124 and the
second dummy structure 126, any two of them may be
substantially the same, or all three are different from each
other. For example, the channel structure 122 and the first
dummy structure 124 may have substantially the same
stacked structure, but the substantially same stacked struc-
ture of the channel structure 122 and the first dummy
structure 124 may be different from the stacked structure of
the second dummy structure 126.

[0050] Inan example embodiment of the present inventive
concept, the channel 116 may have a hollow cylindrical
shape or a cup-like shape. The channel 116 may include
polycrystalline silicon (polysilicon) or single crystalline
silicon. A portion of the channel 116 may be doped with
p-type impurities, e.g., boron (B). The filling insulation
pattern 118 may be formed on the channel 116 to fill an inner
space of the channel 116. The filling insulation pattern 118
may include an insulation material, e.g., silicon oxide
(8i0,). In an example embodiment of the present inventive
concept, the channel 116 may have a solid cylindrical shape
or a pillar shape, and in this case, the filling insulation
pattern 118 may not be formed. The dielectric structure 114
may surround an outer sidewall of the channel 116. The
dielectric structure 114 may include a tunnel insulation
layer, a charge storage layer and a blocking dielectric layer
sequentially stacked on the outer sidewall of the channel
116. The blocking dielectric layer may include an oxide,
e.g., silicon oxide (SiO,), or a metal oxide, e.g., hafnium
oxide (HfO,) or aluminum oxide (Al,O,). The charge stor-
age layer may include a nitride, e.g., silicon nitride (Si;N,),
or a metal oxide, e.g., hafnium oxide (HfO,) or aluminum
oxide (Al,O;). The tunnel insulation layer may include an
oxide, e.g., silicon oxide (SiO,). The dielectric constant of
the material included in the blocking dielectric layer may be
higher than the dielectric constant of the material included in
the tunnel insulation layer. The upper conductive pattern 120
may be formed at an upper portion of each of the channel
hole, the first dummy hole and the second dummy hole. That
is, the upper conductive pattern 120 may be formed on the
dielectric structure 114, the channel 116 and the filling
insulation pattern 118.

[0051] The semiconductor pattern 112 may include, e.g.,
polysilicon or single crystalline silicon.

[0052] Hereinafter, the channel structure 122 and the first
and second dummy structures 124 and 126 will be described
with reference to FIGS. 2 and 3.

[0053] A plurality of channel structures 122 may be regu-
larly arranged. In an example embodiment of the present
inventive concept, the channel structures 122 disposed at
each of rows may be arranged linearly in the first direction.
The channel structures 122 disposed at even and odd rows
may be arranged in a zig-zag fashion in the second direction
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as shown in the plan views of the vertical semiconductor
device illustrated in FIGS. 2 and 3.

[0054] An upper surface of the channel structure 122 may
have a circular shape having a diameter of a first width W1.
The channel structures 122 may be spaced apart from each
other in the first direction by a first distance dl. A distance
between center portions of adjacent structures disposed at
neighboring columns is defined as a pitch. The channel
structures 122 may be disposed to have a first pitch P1.
[0055] In an example embodiment of the present inventive
concept, the conductive pattern structure 140 and the chan-
nel structure 122 may form memory cells.

[0056] In an example embodiment of the present inventive
concept, most of the conductive pattern structures 140 and
the channel structures 122 may form memory cells. How-
ever, some of the channel structures 122 adjacent to the first
dummy structure 124 may form dummy cells that may not
be electrically operated.

[0057] A plurality of first dummy structures 124 may be
arranged in a portion of the first region R1 adjacent to the
second region R2. In an example embodiment of the present
inventive concept, the first dummy structures 124 may be
disposed in the first region R1 between a boundary of the
second region R2 and a column (arranged in the second
direction) of the channel structures 122 closest to the bound-
ary of the second region R2. The first dummy structures 124
may be aligned in the second direction. The first dummy
structures 124 and the channel structures 122 adjacent to the
first dummy structures 124 may be arranged in a zig-zag
fashion in the second direction. For example, the first
dummy structures 124 and the channel structures 122 from
each of the two adjacent columns closest to the boundary of
the second region R2, respectively, may be arranged in a
zig-zag fashion in the second direction as shown in the plan
views of the vertical semiconductor device illustrated in
FIGS. 2 and 3.

[0058] The first dummy structure 124 and the channel
structure 122 adjacent to the first dummy structure 124 may
be disposed to have a second pitch P2 different from the first
pitch P1. The second pitch P2 is defined as the distance
between the center portion of the first dummy structure 124
and the center portion of the adjacent channel structure 122
of the neighboring column in the first direction. In an
example embodiment of the present inventive concept, the
second pitch P2 may be greater than the first pitch P1. An
arrangement and a shape of the first dummy structures 124
may be different from an arrangement and a shape of the
channel structures 122. For example, in a plan view, the
shape of the first dummy structure 124 may be different from
the shape of the channel structure 122.

[0059] An upper surface of the first dummy structure 124
may have an elliptical shape having a length in the first
direction longer than a length of an upper surface of the
channel structure 122. In an example embodiment of the
present inventive concept, the upper surface of the first
dummy structure 124 may have a second width W2 in the
first direction greater than the first width W1, and have the
first width W1 in the second direction. For example, the
upper surface of the first dummy structure 124 may have an
elliptical shape of which the major axis may have the second
width W2 in the first direction, and the minor axis may have
the first width W1 in the second direction.

[0060] The first dummy structure 124 and the channel
structure 122 may be spaced apart from each other in the first
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direction by the first distance dl. As the upper surface of the
first dummy structure 124 may have the second width W2 in
the first direction greater than the first width W1, the second
pitch P2 may be greater than the first pitch P1.

[0061] The first dummy structure 124 and the channel
structure 122 may have substantially the same stacked
structure. However, electrical signals are not applied via the
first dummy structure 124, so that the conductive pattern
structure 140 and the first dummy structure 124 may not
form actual memory cells.

[0062] A plurality of second dummy structures 126 may
be spaced apart from each other by a distance greater than
the first distance dl. Thus, a density of the second dummy
structures 126 may be lower than a density of the channel
structure 122 and a density of the first dummy structure 124.
Also, the second dummy structures 126 may be disposed to
have a pitch greater than the second pitch P2.

[0063] The second dummy structure 126 may serve as a
support pattern for supporting the wiring structure.

[0064] As described above, the channel structures 122
may be disposed to have the first pitch P1. The first dummy
structure 124 and the channel structure 122 adjacent to the
first dummy structure 124 may be disposed to have the
second pitch P2. The second dummy structures 126 may be
disposed to have a pitch greater than the second pitch P2.

[0065] The first dummy structure 124 and the channel
structure 122 may share the conductive pattern structure 140
serving as elements of the actual memory cells. Thus, when
the first dummy structure 124 has defects, electrical failure
may occur at the actual memory cells via the conductive
pattern structure 140 shared by the first dummy structure
124.

[0066] The first dummy structures 124 may be adjacent to
the second dummy structures 126 which have a density
greatly different from a density of the channel structures
122. Although the first dummy structures 124 are intended
to have the arrangement and/or the shape substantially the
same as the arrangement and/or the shape of the channel
structures 122, the first dummy structures 124 may be
formed to have the shape different from the shape of the
channel structures 122. For example, a first dummy hole for
forming the first dummy structure 124 and a channel hole for
forming the channel structure 122 may be formed by per-
forming a photolithography process using the same reticle.
In this case, the channel hole may be normally formed.
However, the first dummy hole may not expose the upper
surface of the substrate 100, or the first dummy hole may
have a width smaller than a width of the channel hole. For
example, through the photolithography process, the first
dummy hole may not be sufficiently opened to form a
normal hole, while the channel hole is normally formed.
When the first dummy hole does not expose the upper
surface of the substrate 100, which may be referred to as a
not-open failure, or has a small width, the semiconductor
pattern 112 may not be formed, or layers included in the first
dummy structure 124 may not be normally formed.

[0067] As the first dummy structure 124 and the channel
structure 122 adjacent to the first dummy structure 124 is
disposed to have the second pitch P2, the not-open failure of
the first dummy hole may decrease when forming the first
dummy structure 124. Thus, failures of the first dummy
structure 124 may decrease. When the first dummy structure
124 has reduced defects, electrical failures caused by these
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defects at the actual memory cells via the conductive pattern
structure 140 shared by the first dummy structure 124 may
also be reduced.

[0068] A contact plug 136 (refer to FIG. 2) may be formed
through the first and second upper insulating interlayers 108
and 128 on each of the conductive patterns 134 in the pad
structure 142. At least one of the contact plugs 136 may be
formed on the upper surface of each of the conductive
patterns 134 in the pad structure 142. In an example embodi-
ment of the present inventive concept, the contact plug 136
may include a barrier pattern and a metal pattern. The metal
pattern may include at least one of, e.g., tungsten (W),
copper (Cu), cobalt (Co), aluminum (Al), etc., and the
barrier pattern may include at least one of, e.g., titanium (T1),
titanium nitride (TiN), tantalum (Ta), tantalum nitride (TaN),
etc.

[0069] A wiring line may be formed on the contact plug
136.

[0070] FIG. 4 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept. FIG. 5 is an enlarged
plan view of a portion ‘A2’ in FIG. 4.

[0071] The vertical semiconductor device illustrated in
FIGS. 4 and 5 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 1
to 3, except for the shape and/or size of the first dummy
structure.

[0072] Referring to FIGS. 4 and 5, a plurality of first
dummy structures 124 may be formed in the first region R1
between a boundary of the second region R2 and a column
of the channel structures 122 closest to the boundary of the
second region R2. The first dummy structure 124 and the
channel structure 122 adjacent to the first dummy structure
124 may be disposed to have the second pitch P2 different
from the first pitch P1. The first dummy structure 124 and
the channel structure 122 adjacent to the first dummy
structure 124 may have shapes different from each other, or
may have the same shape but with sizes different from each
other.

[0073] In an example embodiment of the present inventive
concept, an upper surface of the first dummy structure 124
may have a circular shape having a diameter of the second
width W2 greater than the first width W1 of the channel
structure 122. The first dummy structure 124 and the channel
structure 122 may be spaced apart from each other in the first
direction by the first distance dl. As the upper surface of the
first dummy structure 124 may have the diameter of the
second width W2 greater than the first width W1, the second
pitch P2 may be greater than the first pitch P1.

[0074] As described above, the first dummy structure 124
and the channel structure 122 adjacent to the first dummy
structure 124 may be arranged to have the second pitch P2,
so that failures of the first dummy structure 124 may
decrease. When the first dummy structure 124 has reduced
defects, electrical failures caused by these defects at the
actual memory cells via the conductive pattern structure 140
shared by the first dummy structure 124 may also be
reduced.

[0075] FIG. 6 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept. FIG. 7 is an enlarged
plan view of a portion ‘A3’ in FIG. 6.

[0076] The vertical semiconductor device illustrated in
FIGS. 6 and 7 may be substantially the same as the vertical
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semiconductor device illustrated with reference to FIGS. 1
to 3, except for the shape of the first dummy structure.
[0077] Referring to FIGS. 6 and 7, the first dummy
structure 124 and the channel structure 122 adjacent to the
first dummy structure 124 may be disposed to have the
second pitch P2 different from the first pitch P1. The first
dummy structure 124 and the channel structure 122 adjacent
to the first dummy structure 124 may have shapes different
from each other.

[0078] Inan example embodiment of the present inventive
concept, an upper surface of the first dummy structure 124
may have an isosceles triangular shape. A lower base of the
isosceles triangle may be adjacent to the boundary of the
second region R2. The upper surface of the first dummy
structure 124 may have the second width W2 in the first
direction greater than the first width W1. For example, a
height of the isosceles triangle may have the second width
W2.

[0079] The first dummy structure 124 and the channel
structure 122 may be spaced apart from each other in the first
direction by the first distance dl. As the upper surface of the
first dummy structure 124 may have the second width W2
greater than the first width W1, the second pitch P2 may be
greater than the first pitch P1. Thus, failures of the first
dummy structure 124 may decrease. When the first dummy
structure 124 has reduced defects, electrical failures caused
by these defects at the actual memory cells via the conduc-
tive pattern structure 140 shared by the first dummy struc-
ture 124 may also be reduced.

[0080] FIG. 8 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept. FIG. 9 is an enlarged
plan view of a portion ‘A4’ in FIG. 8.

[0081] The vertical semiconductor device illustrated in
FIGS. 8 and 9 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 1
to 3, except for the shape of the first dummy structure.
[0082] Referring to FIGS. 8 and 9, the first dummy
structure 124 and the channel structure 122 adjacent to the
first dummy structure 124 may be disposed to have the
second pitch P2 different from the first pitch P1. The first
dummy structure 124 and the channel structure 122 adjacent
to the first dummy structure 124 may have shapes different
from each other.

[0083] Inanexample embodiment of the present inventive
concept, an upper surface of the first dummy structure 124
may have an isosceles triangular shape. A lower base of the
isosceles triangle may be oriented towards a central portion
of the first region R1. The upper surface of the first dummy
structure 124 may have the second width W2 in the first
direction greater than the first width W1. For example, a
height of the isosceles triangle may have the second width
Ww2.

[0084] The first dummy structure 124 and the channel
structure 122 may be spaced apart from each other in the first
direction by the first distance dl. As the upper surface of the
first dummy structure 124 may have the second width W2
greater than the first width W1, the second pitch P2 may be
greater than the first pitch P1. Thus, failures of the first
dummy structure 124 may decrease. When the first dummy
structure 124 has reduced defects, electrical failures caused
by these defects at the actual memory cells via the conduc-
tive pattern structure 140 shared by the first dummy struc-
ture 124 may also be reduced.
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[0085] FIG. 10 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept. FIG. 11 is an enlarged
plan view of a portion ‘A5’ in FIG. 10.

[0086] The vertical semiconductor device illustrated in
FIGS. 10 and 11 may be substantially the same as the
vertical semiconductor device illustrated with reference to
FIGS. 1 to 3, except for the shape of the first dummy
structure.

[0087] Referring to FIGS. 10 and 11, the first dummy
structure 124 and the channel structure 122 adjacent to the
first dummy structure 124 may be disposed to have the
second pitch P2 different from the first pitch P1. The first
dummy structure 124 and the channel structure 122 adjacent
to the first dummy structure 124 may have shapes different
from each other.

[0088] In an example embodiment of the present inventive
concept, an upper surface of the first dummy structure 124
may have a rhombus shape. A long diagonal line of the
rhombus may be disposed in the first direction. The long
diagonal line of the rhombus may have a second width W2
in the first direction greater than the first width W1.
[0089] The first dummy structure 124 and the channel
structure 122 may be spaced apart from each other in the first
direction by the first distance dl. As the upper surface of the
first dummy structure 124 may have the second width W2
greater than the first width W1, the second pitch P2 may be
greater than the first pitch P1. Thus, failures of the first
dummy structure 124 may decrease. When the first dummy
structure 124 has reduced defects, electrical failures caused
by these defects at the actual memory cells via the conduc-
tive pattern structure 140 shared by the first dummy struc-
ture 124 may also be reduced.

[0090] FIG. 12 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept. FIG. 13 is an enlarged
plan view of a portion ‘A6’ in FIG. 12.

[0091] The vertical semiconductor device illustrated in
FIGS. 12 and 13 may be substantially the same as the
vertical semiconductor device illustrated with reference to
FIGS. 1 to 3, except for the shape of the first dummy
structure.

[0092] Referring to FIGS. 12 and 13, the first dummy
structure 124 and the channel structure 122 adjacent to the
first dummy structure 124 may be disposed to have the
second pitch P2 different from the first pitch P1. The first
dummy structure 124 and the channel structure 122 adjacent
to the first dummy structure 124 may have shapes different
from each other.

[0093] In an example embodiment of the present inventive
concept, an upper surface of the first dummy structure 124
may have a linear shape extending in the second direction.
The linear shape may be, for example, a rectangular shape.
A plurality of first dummy structures 124 having the linear
shape may be aligned with each other in the second direc-
tion. At least two channel structures 122 may be disposed to
be adjacent to one of the first dummy structures 124. The
first dummy structure 124 may have a third width W3 in the
first direction substantially the same as or greater than the
first width W1.

[0094] The first dummy structure 124 and the channel
structure 122 may be spaced apart from each other in the first
direction by the first distance dl. The second pitch P2 may
be greater than the first pitch P1.
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[0095] A volume of a first dummy hole for forming the
first dummy structure 124 may be greater than a volume of
a channel hole for forming the channel structure 122. Thus,
when the first dummy hole is formed, a not-open failure of
the first dummy hole may decrease. Also, failures of the first
dummy structure 124 may decrease. When the first dummy
structure 124 has reduced defects, electrical failures caused
by these defects at the actual memory cells via the conduc-
tive pattern structure 140 shared by the first dummy struc-
ture 124 may also be reduced.

[0096] FIG. 14 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept.

[0097] The vertical semiconductor device illustrated in
FIG. 14 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 1
to 3, except for the shape of the first dummy structure.
[0098] Referring to FIG. 14, the first dummy structure 124
and the channel structure 122 adjacent to the first dummy
structure 124 may be disposed to have the second pitch P2
different from the first pitch P1. The first dummy structure
124 and the channel structure 122 adjacent to the first
dummy structure 124 may have shapes different from each
other.

[0099] Inan example embodiment of the present inventive
concept, an upper surface of the first dummy structure 124
may have a linear shape extending in the second direction.
One first dummy structure 124 having the linear shape may
be formed in each of the conductive pattern structures 140.
The first dummy structure 124 may have the third width W3
in the first direction substantially the same as or greater than
the first width W1.

[0100] The first dummy structure 124 and the channel
structure 122 may be spaced apart from each other in the first
direction by the first distance dl. The second pitch P2 may
be greater than the first pitch P1.

[0101] A volume of a first dummy hole for forming the
first dummy structure 124 may be greater than a volume of
a channel hole for forming the channel structure 122. Thus,
when the first dummy hole is formed, a not-open failure of
the first dummy hole may decrease. Also, failures of the first
dummy structure 124 may decrease. When the first dummy
structure 124 has reduced defects, electrical failures caused
by these defects at the actual memory cells via the conduc-
tive pattern structure 140 shared by the first dummy struc-
ture 124 may also be reduced.

[0102] FIGS. 15 to 25 are cross-sectional views and plan
views illustrating stages of a method of manufacturing a
vertical semiconductor device in accordance with an
example embodiment of the present inventive concept.
[0103] FIGS. 15, 16, 18, 19, 21, 23 and 25 are cross-
sectional views, and FIGS. 17, 20, 22 and 24 are plan views.
Hereinafter, a method of manufacturing the vertical semi-
conductor device shown in FIGS. 1, 2 and 3 may be mainly
described.

[0104] Referring to FIG. 15, insulation layers 102 and
sacrificial layers 104 may be alternately and repeatedly
stacked on the substrate 100 to form a preliminary mold
structure 106 in first and second regions R1 and R2 of a
substrate 100.

[0105] Inan example embodiment of the present inventive
concept, a lowermost insulation layer 102 may serve as a
pad insulation layer. An uppermost insulation layer 102 may
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have a thickness greater than those of other ones of the
insulation layers 102 in the preliminary mold structure 106.
[0106] In an example embodiment of the present inventive
concept, the insulation layers 102 may be formed of an
oxide-based material, and may include at least one of, e.g.,
silicon oxide (Si0,), silicon oxycarbide (SiCO), hydroge-
nated silicon oxycarbide (SiCOH) silicon oxyflouride
(SiOF), etc. In an example embodiment of the present
inventive concept, the sacrificial layers 104 may be formed
of a nitride-based material, e.g., silicon nitride (SizN,)
and/or silicon boronitride (SiBN).

[0107] Referring to FIGS. 16 and 17, edge portions of the
preliminary mold structure 106 in the second region R2 may
be sequentially etched to form a preliminary step mold
structure 106a. In an example embodiment of the present
inventive concept, the preliminary step mold structure 106a
in the second region R2 may have a staircase shape in each
of the first and second directions. The number of steps
formed in the first and second directions may not be limited.
[0108] The sacrificial layers 104 of the preliminary step
mold structure 106¢ in the first region R1 may be replaced
with conductive patterns of memory cells by subsequent
processes.

[0109] In the preliminary step mold structure 106« in the
second region R2, each step at each level may serve as a pad
region electrically connected to the conductive patterns of
the memory cells by subsequent processes.

[0110] Referring to FIG. 18, a first upper insulating inter-
layer 108 may be formed on the preliminary step mold
structure 106a. An upper surface of the first upper insulating
interlayer 108 may be substantially flat.

[0111] In an example embodiment of the present inventive
concept, the first upper insulating interlayer 108 may be
formed by depositing an oxide layer including at least one
of, e.g., silicon oxide (Si0,), silicon oxycarbide (SiCO),
hydrogenated silicon oxycarbide (SiCOH), and silicon oxy-
flouride (SiOF), and planarizing an upper surface of the
oxide layer. The planarization process may include a chemi-
cal mechanical polishing (CMP) process and/or an etch back
process.

[0112] Referring to FIGS. 19 and 20, the preliminary step
mold structure 106a and the first upper insulating interlayer
108 may be anisotropically etched to form a plurality of
holes 1104, 1105 and 110¢ exposing upper surfaces of the
substrate 100. The holes 110a, 1105 and 110¢ may be formed
through the preliminary step mold structure 106a and the
first upper insulating interlayer 108. For example, a plurality
of channel holes 110a and a plurality of first dummy holes
1105 may be formed through the preliminary step mold
structure 1064 in the first region R1. A plurality of second
dummy holes 110¢ may be formed through the preliminary
step mold structure 106a and the first upper insulating
interlayer 108 in the second region R2. The first dummy
holes 1105 may be disposed at an edge portion of the first
region R1 in the first direction that is adjacent to the second
region R2. For example, the first dummy holes 1105 may be
disposed in the first region R1 between a boundary of the
second region R2 and a column of the channel holes 110a
closest to the boundary of the second region R2.

[0113] A channel structure may be subsequently formed in
the channel hole 110a. A first dummy structure may be
subsequently formed in the first dummy hole 1105. A second
dummy structure may be subsequently formed in the second
dummy hole 110c. Thus, the channel structure, the first
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dummy structure and the second dummy structure may have
arrangements and shapes according to arrangements and
shapes of the channel hole 110a, the first dummy hole 1105
and the second dummy hole 110c, respectively.

[0114] Inan example embodiment of the present inventive
concept, the channel holes 1104 may be disposed to have a
first pitch P1. An upper surface of each of the channel holes
110a may have a circular shape to have a first width W1. The
channel holes 110a may be spaced apart from each other in
the first direction by a first distance dl.

[0115] The first dummy hole 1106 and the channel hole
110a adjacent to the first dummy hole 1105 may be disposed
to have a second pitch P2 different from the first pitch P1.
In an example embodiment of the present inventive concept,
the second pitch P2 may be greater than the first pitch P1.
Thus, the arrangements and the shapes of the first dummy
holes 1105 may be different from the arrangements and the
shapes of the channel holes 110a.

[0116] The second dummy holes 110c may be spaced apart
from each other in the first direction by a distance greater
than the first distance dl. The second dummy holes 110¢ may
be disposed to have a pitch greater than the second pitch P2.
[0117] In a plan view, the shape of the first dummy hole
11056 may be different from the shape of the channel hole
110a.

[0118] The first and second dummy holes 1105 and 110¢
and the channel holes 110a may be formed by a photoli-
thography process. In the photolithography process, a reticle
for forming the first dummy hole 1105, a reticle for forming
the channel hole 1104 and a reticle for forming the second
dummy hole 110¢ may be different from each other. In the
photolithography process, the first and second dummy holes
1105 and 110c¢ and the channel holes 110a may be formed
simultaneously or separately.

[0119] Inan example embodiment of the present inventive
concept, when the vertical semiconductor device shown in
FIGS. 1 to 3 is manufactured, a reticle for forming the first
dummy hole 1105 may have a long rectangular shape in the
first direction. Thus, the upper surface of the first dummy
hole 1105 may have an elliptical shape of which a major axis
may be in the first direction. In an example embodiment of
the present inventive concept, the upper surface of the first
dummy hole 105 may have a second width W2 in the first
direction greater than the first width W1, and have the first
width W1 in the second direction. For example, the upper
surface of the first dummy hole 1105 may have an elliptical
shape of which the major axis may have the second width
W2 in the first direction, and the minor axis may have the
first width W1 in the second direction.

[0120] Inan example embodiment of the present inventive
concept, when the vertical semiconductor device shown in
FIGS. 4 and 5 is manufactured, a reticle for forming the first
dummy hole 1105 may have a square shape having a second
width W2 greater than the first width W1. Thus, the upper
surface of the first dummy hole 1105 may have a circular
shape having a diameter substantially the same as the second
width W2.

[0121] Inan example embodiment of the present inventive
concept, when the vertical semiconductor device shown in
FIGS. 6 and 7 is manufactured, an upper surface of the first
dummy hole 1105 may have an isosceles triangular shape. A
lower base of the isosceles triangle may be adjacent to the
boundary of the second region R2.
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[0122] In an example embodiment of the present inventive
concept, when the vertical semiconductor device shown in
FIGS. 8 and 9 is manufactured, an upper surface of the first
dummy hole 1105 may have an isosceles triangular shape. A
lower base of the isosceles triangle may be oriented towards
a central portion of the first region R1.

[0123] In an example embodiment of the present inventive
concept, when the vertical semiconductor device shown in
FIGS. 10 and 11 is manufactured, an upper surface of the
first dummy hole 1105 may have a rhombus shape.

[0124] In an example embodiment of the present inventive
concept, when the vertical semiconductor device shown in
FIGS. 12 and 13 is manufactured, an upper surface of the
first dummy hole 1105 may have a linear shape extending in
the second direction. A plurality of the first dummy holes
1105 having the linear shape may be aligned in the second
direction, and may be spaced apart from each other.
[0125] In an example embodiment of the present inventive
concept, when the vertical semiconductor device shown in
FIG. 14 is manufactured, an upper surface of the first
dummy hole 1105 may have a linear shape extending in the
second direction.

[0126] As described above, one of the vertical semicon-
ductor devices shown in FIGS. 1 to 14 may be manufactured
according to the arrangements and the shapes of the first
dummy holes 1105. In an example embodiment of the
present inventive concept, the shapes of the upper surfaces
of the first dummy holes 1106 may include, but are not
limited to: a circular shape, an elliptical shape, a triangular
shape, a rhombus shape, a square shape, a rectangular shape,
a linear shape and a polygonal shape. The polygonal shape
may include a shape formed with straight lines, and may
include, for example, triangles, quadrilaterals, pentagons,
hexagons, etc. In addition, the polygonal shape for the first
dummy holes 1105 here may also include the shape of the
first dummy holes 1105 formed with a reticle having a
polygonal shape. In this case, after the photolithography
process used in forming the first dummy holes 1105, the
straight lines of the polygonal shape in the reticle may be
curved, and/or the edges of the polygonal shape in the reticle
may be rounded in the final shape of the first dummy holes
1104.

[0127]  As the first dummy hole 1105 and the channel hole
110a adjacent to the first dummy hole 1105 may be disposed
to have the second pitch P2, a not-open failure of the first
dummy hole 1106 may decrease. Also, failures of a first
dummy structure subsequently formed may decrease. When
the subsequently formed first dummy structure has reduced
defects, electrical failures caused by these defects at the
actual memory cells may also be reduced.

[0128] Referring to FIG. 21, a semiconductor pattern 112
may be formed on the upper surface of the substrate 100
exposed by each of the channel hole 110a, the first dummy
hole 1105 and the second dummy hole 110c. A channel
structure 122 may be formed to fill each of the channel holes
110a. A first dummy structure 124 may be formed to fill each
of the first dummy holes 1105. A second dummy structure
126 may be formed to fill each of the second dummy holes
110c¢. Each of the channel structure 122, the first dummy
structure 124 and the second dummy structure 126 may be
formed on the semiconductor pattern 112.

[0129] The semiconductor pattern 112 may be formed by
a selective epitaxial growth (SEG) process using the upper
surfaces of the substrate 100 exposed by the channel hole
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110a, the first dummy hole 1105 and the second dummy hole
110c¢ as a seed. The channel structure 122 may be formed on
the semiconductor pattern 112 to fill the channel hole 110a4.
The first dummy structure 124 may be formed on the
semiconductor pattern 112 to fill the first dummy hole 1105.
The second dummy structure 126 may be formed on the
semiconductor pattern 112 to fill the second dummy hole
110c. The channel structure 122, the first and second dummy
structures 124 and 126 may have substantially the same
stacked structure, and in many instances may be formed
simultaneously.

[0130] Inan example embodiment of the present inventive
concept, each of the channel structure 122, the first dummy
structure 124 and the second dummy structure 126 may
include a dielectric structure 114, a channel 116, a filling
insulation pattern 118 and an upper conductive pattern 120.
The dielectric structure 114 may include a tunnel insulation
layer, a charge storage layer and a blocking dielectric layer.
The channel 116 may be formed on the semiconductor
pattern 112 and the dielectric structure 114. The filling
insulation pattern 118 may be formed on the channel 116 to
fill an inner space of the channel 116. The upper conductive
pattern 120 may be formed on the dielectric structure 114,
the channel 116 and the filling insulation pattern 118. The
channel structure 122 and the first and second dummy
structures 124 and 126 may have substantially the same
stacked structure as described above. However, the present
inventive concept is not limited thereto. For example, within
the stacked structures of the channel structure 122, the first
dummy structure 124 and the second dummy structure 126,
any two of them may be substantially the same, or all three
are different from each other. For example, the channel
structure 122 and the first dummy structure 124 may have
substantially the same stacked structure, but the substan-
tially same stacked structure of the channel structure 122
and the first dummy structure 124 may be different from the
stacked structure of the second dummy structure 126.
[0131] Arrangements and shapes of the channel structures
122 may be the same as the arrangements and the shapes of
the channel holes 110a. Arrangements and shapes of the first
dummy structures 124 may be the same as the arrangements
and the shapes of the first dummy holes 1105. Arrangements
and shapes of the second dummy structures 126 may be the
same as the arrangements and the shapes of the second
dummy holes 110¢. For example, the channel structure 122,
the first dummy structure 124 and the second dummy
structure 126 may have arrangements and shapes of one of
the vertical semiconductor devices shown in FIGS. 1 to 14
according to the arrangements and the shapes of the first
dummy holes 1105. However, the shapes of the upper
surface of the first dummy structure 124 may include, but are
not limited to: a circular shape, an elliptical shape, a trian-
gular shape, a rhombus shape, a square shape, a rectangular
shape, a linear shape and a polygonal shape.

[0132] Referring to FIGS. 22 and 23, a second upper
insulating interlayer 128 may be formed on the first upper
insulating interlayer 108 and the preliminary step mold
structure 106a. An upper surface of the second upper insu-
lating interlayer 128 may be substantially flat.

[0133] The preliminary step mold structure 1064, and the
first and second upper insulating interlayers 108 and 128
may be anisotropically etched to form an opening 130
extending in the first direction. Thus, the preliminary step
mold structure 106z may be divided into a plurality of
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separate pieces to form a step mold structure 1065 between
the openings 130. An upper surface of the substrate 100 may
be exposed by the opening 130.

[0134] The sacrificial layer 104 exposed by the opening
130 may be removed to form a gap 132 between the
insulation layers 102. In an example embodiment of the
present inventive concept, the sacrificial layer 104 may be
removed by an isotropic etching process.

[0135] When the sacrificial layer 104 is removed, the
insulation layers 102 may be stably supported by the channel
structures 122 and the first and second dummy structures
124 and 126. The gaps 132 may extend horizontally in the
first and second directions between the insulation layers 102,
and may partially expose sidewalls of the channel structures
122, sidewalls of the first dummy structures 124, and
sidewalls of the second dummy structures 126.

[0136] Referring to FIGS. 24 and 25, a conductive layer
may be formed to fill the gap 132 so that a conductive pattern
134 may be formed in the first and second regions R1 and
R2. Thus, a conductive pattern structure 140 including the
conductive patterns 134 and the insulation layers 102 alter-
nately and repeatedly stacked on each other may be formed
in the first region R1. A pad structure 142 including the
conductive patterns 134 and the insulation layers 102 alter-
nately and repeatedly stacked on each other and having a
staircase shape may be formed in the second region R2.
[0137] An insulation pattern 144 may be formed to fill the
opening 130.

[0138] Contact plugs 136 may be formed through the first
and second upper insulating interlayers 108 and 128 on the
conductive patterns 134 of the pad structure 142, respec-
tively. In an example embodiment of the present inventive
concept, at least a contact plug 136 may be formed on each
of the conductive patterns 134 in the pad structure 142. The
contact plugs 136 may be spaced apart from the second
dummy structures 126.

[0139] A wiring line electrically connected to the contact
plugs 136 may be formed on the second upper insulating
interlayer 128. The wiring line may extend in the second
direction.

[0140] As described above, the vertical semiconductor
device in accordance with an example embodiment of the
present inventive concept may be manufactured.

[0141] FIG. 26 is a cross-sectional view illustrating a
vertical semiconductor device in accordance with an
example embodiment of the present inventive concept.
[0142] The vertical semiconductor device illustrated in
FIG. 26 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 1
to 3, except for the stacked structure of the second dummy
structure.

[0143] Referring to FIG. 26, the first dummy structure 124
and the channel structure 122 may have substantially the
same stacked structure. The stacked structure of the second
dummy structure 126a may be different from the stacked
structure of each of the first dummy structure 124 and the
channel structure 122.

[0144] In an example embodiment of the present inventive
concept, the second dummy structure 126a may include only
an insulating material, e.g., silicon oxide (SiO,).

[0145] Arrangements of the second dummy structures
126a may be substantially the same as the arrangements of
the second dummy structures illustrated with reference to
FIGS. 1 to 3.
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[0146] Inan example embodiment of the present inventive
concept, the vertical semiconductor device illustrated in
FIG. 26 may be substantially the same as one of the vertical
semiconductor devices illustrated with reference to FIGS. 4
to 14. However, the second dummy structure 126a may have
a pillar shape including an insulation material.

[0147] FIGS. 27 and 28 are cross-sectional views illus-
trating stages of a method of manufacturing a vertical
semiconductor device in accordance with an example
embodiment of the present inventive concept.

[0148] Referring to FIG. 27, processes illustrated with
reference to FIGS. 15 to 18 may be performed on the
substrate 100.

[0149] The preliminary step mold structure 1064 in the
first region R1 may be anisotropically etched to form a
plurality of channel holes 110a and a plurality of first
dummy holes 1105.

[0150] A semiconductor pattern 112 may be formed on the
upper surfaces of the substrate 100 exposed by the channel
hole 110a and the first dummy hole 1105. A channel struc-
ture 122 may be formed on the semiconductor pattern 112 to
fill the channel hole 110q, and a first dummy structure 124
may be formed on the semiconductor pattern 112 to fill the
first dummy hole 11064.

[0151] Referring to FIG. 28, the preliminary step mold
structure 1064 and the first upper insulating interlayer 108 in
the second region R2 may be anisotropically etched to form
a plurality of second dummy holes 110c. An insulation
material may be formed to fill the second dummy hole 110c,
and the insulation material may be planarized to form a
plurality of second dummy structures 126a. The insulation
material may include, e.g., silicon oxide (SiO,).

[0152] Forming the channel structures 122 and the first
dummy structure 124 and forming the second dummy struc-
ture 126a may be separately performed. Thus, the channel
structure 122 and the first dummy structure 124 may have
substantially the same stacked structure, while the second
dummy structure 126a may have a stacked structure differ-
ent from the stacked structure of each of the channel
structure 122 and the first dummy structure 124.

[0153] The forming of the second dummy structure 126a
may be performed first. In an example embodiment of the
present inventive concept, after the second dummy structure
126a is formed to fill the second dummy hole 110c¢, the
channel structure 122 and the first dummy structure 124 may
be formed to fill the channel hole 110a and the first dummy
hole 1105, respectively.

[0154] Processes illustrated with reference to FIGS. 22 to
25 may be performed, so that the vertical semiconductor
device shown in FIG. 26 may be manufactured.

[0155] FIG. 29 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept.

[0156] The vertical semiconductor device illustrated in
FIG. 29 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 1
to 3, except for the number of columns of the first dummy
structures.

[0157] Referring to FIG. 29, the first dummy structure 125
and the channel structure 122 adjacent to the first dummy
structure 125 may have shapes different from each other.
[0158] A plurality of first dummy structures 125 may be
arranged in the first region R1 adjacent to the second region
R2. In an example embodiment of the present inventive
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concept, the first dummy structures 125 may be disposed at
a plurality of columns in the first region R1 between a
boundary of the second region R2 and a column of the
channel structures 122 closest to the boundary of the second
region R2. For example, as shown in FIG. 29, the first
dummy structures 125 may be disposed at two columns in
the first region R1 between the boundary of the second
region R2 and the column of the channel structures 122
closest to the boundary of the second region R2.

[0159] The shape of the first dummy structure 125 may be
substantially the same as the shape of the first dummy
structure illustrated with reference to FIGS. 1 to 3. For
example, an upper surface of the first dummy structure 125
may have an elliptical shape of which a major axis in the first
direction is longer than a length of an upper surface of the
channel structure 122. In an example embodiment of the
present inventive concept, the upper surface of the first
dummy structure 125 may have the second width W2 in the
first direction greater than the first width W1, and have the
first width W1 in the second direction. For example, the
upper surface of the first dummy structure 125 may have an
elliptical shape of which the major axis may have the second
width W2 in the first direction, and the minor axis may have
the first width W1 in the second direction.

[0160] FIG. 30 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept.

[0161] The vertical semiconductor device illustrated in
FIG. 30 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 10
and 11, except for the number of columns of the first dummy
structures.

[0162] Referring to FIG. 30, the first dummy structure 125
and the channel structure 122 adjacent to the first dummy
structure 125 may have shapes different from each other.

[0163] A plurality of first dummy structures 125 may be
arranged in the first region R1 adjacent to the second region
R2. In an example embodiment of the present inventive
concept, the first dummy structures 125 may be disposed at
a plurality of columns in the first region R1 between a
boundary of the second region R2 and a column of the
channel structures 122 closest to the boundary of the second
region R2. For example, as shown in FIG. 30, the first
dummy structures 125 may be disposed at two columns on
the first region R1 between the boundary of the second
region R2 and the column of the channel structures 122
closest to the boundary of the second region R2.

[0164] The shape of the first dummy structure 125 may be
substantially the same as the shape of the first dummy
structure illustrated with reference to FIGS. 10 to 11. For
example, an upper surface of the first dummy structure 125
may have rhombus shape. A long diagonal line of the
rhombus may have the second width W2 in the first direction
greater than the first width W1.

[0165] In an example embodiment of the present inventive
concept, the first dummy structure 125 may be substantially
the same as the first dummy structure of one of the vertical
semiconductor devices shown in FIGS. 4 to 9 or FIGS. 12
to 14. However, the first dummy structure 125 may be
disposed at two columns in the first region R1 between the
boundary of the second region R2 and the column of the
channel structures 122 closest to the boundary of the second
region R2.
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[0166] FIG. 31 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept.

[0167] The vertical semiconductor device illustrated in
FIG. 31 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 1
and 3, except for the shape of the first dummy structure.
[0168] Referring to FIG. 31, the first dummy structure
125a and the channel structure 122 adjacent to the first
dummy structure 1254 may have shapes different from each
other.

[0169] The first dummy structure 125¢ may be disposed in
the first region R1 adjacent to the second region R2. An
upper surface of the first dummy structure 125¢ may not
have a regular shape. In an example embodiment of the
present inventive concept, the upper surface of the first
dummy structure 1254 may extend in the second direction.
A sidewall of the first dummy structure 125a may be curved.
[0170] When the shape of the first dummy structure 1254
is different from the shape of the channel structure 122, a
margin of photolithography process for forming the dummy
hole may increase. Thus, failures of the dummy hole for
forming the first dummy structure 1254 may decrease. Also,
failures of the first dummy structure 125¢ may decrease.
When the first dummy structure 1254 has reduced defects,
electrical failures of the vertical semiconductor device
caused by these defects may also be reduced.

[0171] FIG. 32 is a plan view illustrating a vertical semi-
conductor device in accordance with an example embodi-
ment of the present inventive concept.

[0172] The vertical semiconductor device illustrated in
FIG. 32 may be substantially the same as the vertical
semiconductor device illustrated with reference to FIGS. 1
and 3, except for the shape of the first dummy structure.

[0173] Referring to FIG. 32, the first dummy structure
1256 and the channel structure 122 adjacent to the first
dummy structure 12556 may have shapes different from each
other.

[0174] The first dummy structure 1255 may be disposed in
the first region R1 adjacent to the second region R2. An
upper surface of the first dummy structure 1255 may not
have a regular shape. In an example embodiment of the
present inventive concept, the upper surface of the first
dummy structure 12556 may have a polygonal shape. The
upper surface of the first dummy structure 1256 may be
greater than an upper surface of the channel structure 122.
A volume of a first dummy hole for forming the first dummy
structure 1256 may be greater than a volume of a channel
hole for forming the channel structure 122. Thus, when the
first dummy hole is formed, a not-open failure of the first
dummy hole may decrease. Also, failures of the first dummy
structure 1255 may decrease. When the first dummy struc-
ture 1255 has reduced defects, electrical failures caused by
these defects at the actual memory cells may also be
reduced.

[0175] The foregoing is illustrative of example embodi-
ments of the present inventive concept and is not to be
construed as limiting thereof. Although a few specific
example embodiments have been described, those skilled in
the art will readily appreciate that many modifications are
possible in the example embodiments without materially
departing from the spirit and scope of the present inventive
concept as defined by the appended claims.
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1. A vertical semiconductor device comprising:

a conductive pattern structure in a first region of a
substrate, the conductive pattern structure extending in
a first direction;

apad structure in a second region of the substrate adjacent
to each of opposite sides of the first region of the
substrate, the pad structure contacting a side of the
conductive pattern structure;

a plurality of channel structures extending through the
conductive pattern structure, the plurality of channel
structures being regularly arranged on the substrate;

a plurality of first dummy structures extending through
the conductive pattern structure, the plurality of first
dummy structures being disposed in a portion of the
first region of the substrate adjacent to the second
region thereof; and

a plurality of second dummy structures extending through
the pad structure on the substrate,

wherein each of the plurality of channel structures has a
first width in the first direction, and each of the plurality
of first dummy structures has a second width in the first
direction greater than the first width.

2. The vertical semiconductor device of claim 1, wherein
the conductive pattern structure and the pad structure com-
prise conductive patterns and insulation layers alternately
and repeatedly stacked on each other, and the pad structure
has a staircase shape in the first direction.

3. The vertical semiconductor device of claim 2, further
comprising a contact plug on each of the conductive patterns
in the pad structure.

4. The vertical semiconductor device of claim 1, wherein
neighboring ones of the plurality of channel structures in the
first direction have a first pitch, and ones of the plurality of
channel structures and ones of the plurality of first dummy
structures adjacent to each other in the first direction have a
second pitch greater than the first pitch.

5. The vertical semiconductor device of claim 4, wherein
neighboring ones of the plurality of second dummy struc-
tures in the first direction have a third pitch greater than the
second pitch.

6. The vertical semiconductor device of claim 1, wherein
an upper surface of each of the plurality of first dummy
structures has an elliptical shape of which a major axis exists
in the first direction and is longer than a width of an upper
surface in the first direction of each of the plurality of
channel structures.

7. The vertical semiconductor device of claim 1, wherein
an upper surface of each of the plurality of first dummy
structures has a circular shape, a triangular shape, or a
polygonal shape.

8. The vertical semiconductor device of claim 1, wherein
an upper surface of each of the plurality of first dummy
structures has a linear shape extending in a second direction
perpendicular to the first direction.

9. The vertical semiconductor device of claim 1, wherein
the plurality of first dummy structures are linearly aligned
with each other in a second direction perpendicular to the
first direction.

10. The vertical semiconductor device of claim 9, wherein
the plurality of first dummy structures and the plurality of
channel structures adjacent to the plurality of first dummy
structures are disposed in a zig-zag fashion in the second
direction.
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11. The vertical semiconductor device of claim 1, wherein
the plurality of channel structures, the plurality of first
dummy structures and the plurality of second dummy struc-
tures have substantially the same stacked structure.

12. The vertical semiconductor device of claim 1, wherein
the plurality of channel structures and the plurality of first
dummy structures have substantially the same stacked struc-
ture, and the plurality of channel structures and the plurality
of second dummy structures have stacked structures differ-
ent from each other.

13. The vertical semiconductor device of claim 1, wherein
the plurality of channel structures are linearly aligned with
each other in the first direction at each row, and ones of the
plurality of channel structures at an odd row and ones of the
plurality of channel structures at an even row are disposed
in a zig-zag fashion in a second direction perpendicular to
the first direction.

14. A vertical semiconductor device comprising:

a conductive pattern structure in a first region of a

substrate, the conductive pattern structure extending in
a first direction;

a pad structure in a second region of the substrate adjacent
to each of opposite sides of the first region of the
substrate, the pad structure contacting a side of the
conductive pattern structure;

a plurality of channel structures extending through the
conductive pattern structure, the plurality of channel
structures being regularly arranged on the substrate;

a plurality of first dummy structures extending through
the conductive pattern structure, the plurality of first
dummy structures being disposed in a portion of the
first region of the substrate adjacent to the second
region thereof; and

a plurality of second dummy structures extending through
the pad structure on the substrate,

wherein neighboring ones of the plurality of channel
structures in the first direction have a first pitch, and
ones of the plurality of channel structures and ones of
the plurality of first dummy structures adjacent to each
other in the first direction have a second pitch greater
than the first pitch.

15. The vertical semiconductor device of claim 14,
wherein the conductive pattern structure and the pad struc-
ture comprise conductive patterns and insulation layers
alternately and repeatedly stacked on each other, and the pad
structure has a staircase shape in the first direction.

16. The vertical semiconductor device of claim 14,
wherein each of the plurality of channel structures has a first
width in the first direction, and each of the plurality of first
dummy structures has a second width in the first direction
greater than the first width.

17. The vertical semiconductor device of claim 14,
wherein an upper surface of each of the plurality of first
dummy structures has an elliptical shape of which a major
axis exists in the first direction and is longer than a width of
an upper surface in the first direction of each of the plurality
of channel structures.

18-21. (canceled)

22. A vertical semiconductor device comprising:

a conductive pattern structure in a first region of a

substrate, the conductive pattern structure extending in
a first direction;

a pad structure in a second region of the substrate adjacent

to each of opposite sides of the first region of the
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substrate, the pad structure contacting a side of the
conductive pattern structure;

a plurality of channel structures extending through the
conductive pattern structure, the plurality of channel
structures being regularly arranged on the substrate;

a plurality of first dummy structures extending through
the conductive pattern structure, the plurality of first
dummy structures being disposed in a portion of the
first region of the substrate adjacent to the second
region thereof, wherein an upper surface of each of the
plurality of first dummy structures has a shape different
from a shape of an upper surface of each of the plurality
of channel structures; and

a plurality of second dummy structures extending through
the pad structure on the substrate.

23. The vertical semiconductor device of claim 22,
wherein the upper surface of each of the plurality of channel
structures has a first width in the first direction, and the upper
surface of each of the plurality of first dummy structure has
a second width in the first direction greater than the first
width.

24. The vertical semiconductor device of claim 22,
wherein neighboring ones of the plurality of channel struc-
tures in the first direction have a first pitch, and ones of the
plurality of channel structures and ones of the plurality of
first dummy structures adjacent to each other in the first
direction have a second pitch greater than the first pitch.

25-27. (canceled)
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