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THREE-DIMENSIONAL SEMICONDUCTOR
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation-in-part application based on
pending application Ser. No. 16/121,911, filed Sep. 5, 2018,
the entire contents of which is hereby incorporated by
reference.

[0002] Korean Patent Applications No. 10-2018-0003256,
filed on Jan. 10, 2018 and No. 10-2018-0164356, filed on
Dec. 18, 2018, in the Korean Intellectual Property Office,
and entitled: “Three-Dimensional Semiconductor Device,”
is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0003] The present disclosure relates to a semiconductor
device, and more particularly, to a three-dimensional semi-
conductor device including a through region passing through
a gate-stacked structure.

2. Description of the Related Art

[0004] Semiconductor devices, having gate electrodes
stacked in a direction perpendicular to the surface of a
semiconductor substrate, have been developed. To imple-
ment a high degree of integration in semiconductor devices,
the number of the stacked gate electrodes has been
increased. However, as the number of the stacked gate
electrodes gradually increases, the level of difficulty to
electrically connect such gate electrodes to a peripheral
circuit increase, thereby causing defects.

SUMMARY

[0005] According to an aspect of embodiments, a three-
dimensional semiconductor device may include an upper
substrate, a gate-stacked structure on the upper substrate, the
gate-stacked structure including gate electrodes stacked
within a memory cell array region, while being spaced apart
from each other in a direction perpendicular to a surface of
the upper substrate, and extending into an extension region
adjacent to the memory cell array region to be arranged
within the extension region to have a staircase shape, and at
least one through region passing through the gate-stacked
structure within the memory cell array region or the exten-
sion region, the at least one through region including a lower
region and an upper region wider than the lower region.
[0006] According to an aspect of embodiments, a three-
dimensional semiconductor device may include a lower
substrate, a lower structure disposed on the lower substrate,
and including a peripheral circuit, an upper substrate dis-
posed on the lower structure, a gap-fill layer disposed within
a substrate hole within the upper substrate, a gate-stacked
structure disposed on the upper substrate, and including gate
electrodes, and a through region passing through the gate-
stacked structure, in which the through region has a side
including a stepped portion.

[0007] According to an aspect of embodiments, a three-
dimensional semiconductor device may include a memory
cell array region, extension regions disposed on both sides
of the memory cell array region, main separation structures
traversing the memory cell array region and the extension
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regions, a gate-stacked structure disposed within the
memory cell array region, and extending into the extension
regions, vertical channel structures disposed between the
main separation structures, and passing through the gate-
stacked structure within the memory cell array region, and
at least one through region disposed within the memory cell
array region or the extension regions, and passing through
the gate-stacked structure, in which the at least one through
region has a side including at least one step portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings, in which:

[0009] FIG. 1 illustrates a schematic block diagram of a
semiconductor device, according to an example embodi-
ment;

[0010] FIG. 2 illustrates a schematic circuit diagram of an
example of a memory cell array region of a semiconductor
device, according to an example embodiment;

[0011] FIG. 3A illustrates a schematic plan view of an
example of a three-dimensional semiconductor device,
according to an example embodiment;

[0012] FIG. 3B illustrates a schematic perspective view of
the example of the three-dimensional semiconductor device
of FIG. 3A;

[0013] FIGS. 4 and 5 illustrate schematic cross-sectional
views of an example of the three-dimensional semiconduc-
tor device of FIG. 3A;

[0014] FIG. 6A illustrates a schematic plan view of a
modified example of the three-dimensional semiconductor
device of FIG. 3A;

[0015] FIG. 6B illustrates a schematic perspective view of
a modified example of the three-dimensional semiconductor
device of FIG. 3B;

[0016] FIG. 7A illustrates a schematic cross-sectional
view of a portion of a three-dimensional semiconductor
device, according to an example embodiment;

[0017] FIG. 7B illustrates a schematic cross-sectional
view of a modified example of a portion of a three-dimen-
sional semiconductor device according to an example
embodiment;

[0018] FIGS. 8A and 8B illustrate partially enlarged views
of regions Al and A2 of FIG. 4;

[0019] FIG. 9 illustrates a schematic plan view of a
modified example of a semiconductor device, according to
an example embodiment;

[0020] FIG. 10A illustrates a schematic cross-sectional
view of a modified example of a semiconductor device,
according to an example embodiment;

[0021] FIG. 10B illustrates a schematic cross-sectional
view of a modified example of a semiconductor device,
according to an example embodiment;

[0022] FIG. 10C illustrates a schematic cross-sectional
view of a modified example of a semiconductor device,
according to an example embodiment;

[0023] FIG. 11A illustrates a schematic perspective view
of'a modified example of a three-dimensional semiconductor
device, according to an example embodiment;

[0024] FIG. 11B illustrates a schematic cross-sectional
view of a modified example of a three-dimensional semi-
conductor device, according to an example embodiment;
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[0025] FIG. 12 illustrates a cross-sectional view of a
modified example of a three-dimensional semiconductor
device, according to an example embodiment;

[0026] FIGS. 13A and 13B illustrate schematic cross-
sectional views of a modified example of a semiconductor
device, according to an example embodiment;

[0027] FIG. 14 illustrates a plan view of a modified
example of a three-dimensional semiconductor device,
according to an example embodiment;

[0028] FIG. 15 illustrates a plan view of a modified
example of a three-dimensional semiconductor device,
according to an example embodiment;

[0029] FIG. 16 illustrates a plan view of a modified
example of a three-dimensional semiconductor device,
according to an example embodiment;

[0030] FIG. 17 illustrates a plan view of a modified
example of a three-dimensional semiconductor device,
according to an example embodiment;

[0031] FIGS. 18A and 18B illustrate process flowcharts of
a method of forming a three-dimensional semiconductor
device, according to an example embodiment;

[0032] FIGS. 19, 20, 21, 22, 23, and 24 illustrate sche-
matic perspective views of a method of forming a three-
dimensional semiconductor device, according to an example
embodiment; and

[0033] FIGS. 25A, 25B, 26A, 26B, 27A, 27B, 28A, 28B,
29A, 29B, 30A, 30B, 31A, and 31B illustrate schematic
cross-sectional views of a method of forming a three-
dimensional semiconductor device, according to an example
embodiment.

DETAILED DESCRIPTION

[0034] An example of a three-dimensional semiconductor
device, according to an example embodiment, will be
described with reference to FIG. 1.

[0035] FIG. 1 is a schematic block diagram of a semicon-
ductor device, according to an example embodiment.
[0036] Referring to FIG. 1, a semiconductor device 10,
according to an example embodiment, may include a
memory cell array region 20 and a control logic region 30.
The memory cell array region 20 may include a plurality of
memory blocks BLK, and each of the memory blocks BLK
may include a plurality of memory cells. The control logic
region 30 may include a row decoder 32, a page buffer 34,
and a control circuit 36.

[0037] The memory cells of each memory block BLK may
be connected to the row decoder 32 via a string select line
SSL, a plurality of word lines WL, and a ground select line
GSL, and may be connected to the page buffer 34 via a
plurality of bit lines BL. In example embodiments, a plu-
rality of memory cells arranged on the same row may be
connected to a common word line WL, and a plurality of
memory cells arranged in the same column may be con-
nected to an identical common bit line BL.

[0038] The row decoder 32 may decode an input address
to generate and transmit driving signals for the word lines
WL. The row decoder 32 may provide a word line voltage,
generated by a voltage generating circuit of the control
circuit 36, to a selected word line WL and unselected word
lines WL of the word lines WL, in response to controlling by
the control circuit 36.

[0039] The page buffer 34 may be connected to the
memory cell array region 20 via the bit lines BL to read
information stored in the memory cells. The page buffer 34
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may temporarily store data to be stored in the memory cells,
or may sense data stored in the memory cells, according to
an operating mode.

[0040] The page buffer 34 may include a column decoder
and a sense amplifier. The column decoder may selectively
activate the bit lines BL of the memory cell array region 20,
and the sense amplifier may sense a voltage of a bit line BL
selected by the column decoder during a reading operation
to read data stored in a selected memory cell.

[0041] The control circuit 36 may control operations of the
row decoder 32 and the page buffer 34. The control circuit
36 may receive an external control signal and an external
voltage, and may operate in response to the received control
signal.

[0042] The control circuit 36 may include the voltage
generating circuit that may generate voltages required for
internal operations, e.g., a programming voltage, a reading
voltage, an erasing voltage, and the like, using the external
voltage. The control circuit 36 may control reading, writing,
and/or erasing operations, in response to the control signals.
[0043] Further, the control circuit 36 may include an
input/output (I/O) circuit. The I/O circuit may receive data
DATA and transmit DATA to the page buffer 34 in a program
operation, and may externally output DATA received from
the page buffer 34 in a reading operation.

[0044] An example of a circuit of each memory block
BLK of the memory cell array region 20 (FIG. 1), included
in the three-dimensional semiconductor device 10 (FIG. 1)
according to an example embodiment described above with
reference to FIG. 1, will be described with reference to FIG.
2. FIG. 2 is an example of a circuit diagram in the memory
block BLK of the memory cell array region 20.

[0045] Referring to FIG. 2, each memory block BLK of
the memory cell array region 20 (FIG. 1) may include
memory cells MCs connected to each other in series, and a
first select transistor ST1 and a second select transistor ST2
connected to both ends of the memory cells MC in series.
The first and second select transistors ST1 and ST2, and the
memory cells MC between the first and second select
transistors ST1 and ST2 may constitute memory strings S.
[0046] The memory cells MC connected to each other in
series may be respectively connected to word lines WL for
selecting the memory cells MC. A gate terminal of the first
select transistor ST1 may be connected to a first select line
SL1, and a source terminal of the first select transistor ST1
may be connected to a common source line CSL. A gate
terminal of the second select transistor ST2 may be con-
nected to a second select line SL.2, and a source terminal of
the second select transistor ST2 may be connected to a drain
terminal of the memory cells MC. In an example, the first
select transistor ST1 may be a ground select transistor, and
the second select transistor ST2 may be a string select
transistor. In an example, the first select line SL.1 may be the
ground select line GSL of FIG. 1, and the second select line
SL.2 may be the string select line SSL of FIG. 1.

[0047] FIG. 2 illustrates a structure in which a single first
select transistor ST1 and a single second select transistor
ST2 are connected to the memory cells MC connected to
each other in series. In a different manner, a plurality of first
select transistors ST1 or a plurality of second select tran-
sistors ST2 may also be connected to the memory cells MC.
[0048] In an example, a first dummy line DL1 may be
disposed between a lowermost word line WL of the word
lines WL and the first select line SL1, and a second dummy
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line DL.2 may be disposed between an uppermost word line
WL of the word lines WL and the second select line SL2.
The first dummy line DL1 may be provided as a single or a
plurality of first dummy lines DL1, and the second dummy
line DL2 may be provided as a single or a plurality of second
dummy lines DL.2.

[0049] A drain terminal of the second select transistor ST2
may be connected to a bit line BL.. When a signal is applied
to the gate terminal of the second select transistor ST2
through the second select line SL2, a signal applied through
the bit line BL may be transmitted to the memory cells MC
connected to each other in series, and a data reading or
writing operation may thus be performed. Further, a data
erasing operation of erasing data stored in the memory cells
MC may be performed by applying a data erasing voltage
having a certain level to the memory cells MC through a
substrate.

[0050] The semiconductor device 10, according to an
example embodiment, may include at least one dummy
string DS. The at least one dummy string DS may include a
string having a dummy channel electrically isolated from the
bit line BL.

[0051] FIG.3Ais a plan view schematically illustrating an
example of the three-dimensional semiconductor device 10
according to an example embodiment. FIG. 3B is a perspec-
tive view schematically illustrating an example of the three-
dimensional semiconductor device 10a according to an
example embodiment. FIG. 4 is a cross-sectional view taken
along line I-I' of FIG. 3A, and FIG. 5 is a cross-sectional
view taken along line II-II' of FIG. 3A.

[0052] Referring to FIGS. 3A, 3B, 4, and 5, the three-
dimensional semiconductor device 10 may include a lower
substrate 105, a lower structure 110 disposed on the lower
substrate 105, an upper substrate 150 disposed on the lower
structure 110, and a gate-stacked structure 270 disposed on
the upper substrate 150. The lower substrate 105 may be a
semiconductor substrate formed of a semiconductor mate-
rial, e.g., single crystalline silicon or the like, and the upper
substrate 150 may be a semiconductor substrate formed of a
semiconductor material, e.g., polycrystalline silicon or the
like.

[0053] The lower structure 110 may include a peripheral
circuit PCIR disposed within an active region 120 defined by
an isolation region 115, and a lower insulating layer 140
covering the peripheral circuit PCIR. The peripheral circuit
PCIR may include a peripheral transistor PTR, and periph-
eral wirings 130 electrically connected to the peripheral
transistor PTR. The lower insulating layer 140 may be
formed of a silicon oxide.

[0054] The three-dimensional semiconductor device 10
may include a first gap-fill layer 160a disposed within a first
substrate hole 1554 passing through the upper substrate 150,
and an intermediate insulating layer 162 disposed on a
lateral surface of the upper substrate 150. The first gap-fill
layer 160a and the intermediate insulating layer 162 may be
formed of the same insulating material, e.g., a silicon oxide.
[0055] The gate-stacked structure 270 may include gate
electrodes stacked while being spaced apart from each other
in a direction perpendicular to a surface of the upper
substrate 150, e.g., along the Z direction. The gate electrodes
of the gate-stacked structure 270 may be formed of a
conductive material including at least one of doped silicon,
a metal nitride (e.g., TiN), a metal silicide (e.g., WSi, TiSi,
TaSi, or the like), or a metal (e.g., W). The doped silicon may
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be polysilicon including n-type impurities (e.g., P, As, or the
like), or p-type impurities (e.g., B or the like).

[0056] The three-dimensional semiconductor device 10
may include a lower interlayer insulating layer 210L dis-
posed between a lowermost gate electrode of the gate-
stacked structure 270 and the upper substrate 150, an upper
interlayer insulating layer 210U disposed on an uppermost
gate electrode of the gate-stacked structure 270, and inter-
mediate interlayer insulating layers 210M disposed between
the gate electrodes of the gate-stacked structure 270. The
gate electrodes of the gate-stacked structure 270 may be
stacked within the memory cell array region 20 on the upper
substrate 150, while being spaced apart from each other, and
may extend into an extension region 22 on the upper
substrate 150 to have pad regions P within the extension
region 22.

[0057] Among the gate electrodes of the gate-stacked
structure 270, each of the gate electrodes positioned below
the uppermost gate electrode may include an overlap region,
i.e., a region in which the gate electrode overlaps a gate
electrode immediately thereabove, and a non-overlap
region, i.e., a region in which the gate electrode does not
overlap the gate electrode immediately thereabove. The
non-overlap regions may be the pad regions P, e.g., as each
of the gate electrodes positioned below the uppermost gate
electrode has an exposed surface in the non-overlap region.
[0058] The memory cell array region 20 may be a region
in which the memory blocks BLK, including the memory
cells MC of FIG. 2, as described above with reference to
FIGS. 1 and 2, may be formed, and the extension region 22
may be a region in which the pad regions P, formed by
extension of the gate electrodes of the gate-stacked structure
270 formed within the memory cell array region 20, may be
disposed. Here, the pad regions P may be regions of gate
electrodes that may contact gate contact plugs 280g electri-
cally connected to the row decoder 32 of FIG. 1, e.g., the
gate contact plugs 280g may extend vertically from the pad
regions P toward the top of the gate-stacked structure 270.
[0059] In example embodiments, in the plan view, a
direction from the memory cell array region 20 to the
extension region 22 may be referred to as a first direction X,
a direction perpendicular to the first direction X may be
referred to as a second direction Y, and in the cross-sectional
view, a direction perpendicular to the surface of the upper
substrate 150 may be referred to as a third direction Z.
[0060] In an example embodiment, the gate electrodes of
the gate-stacked structure 270 may include a lower gate
electrode GE_L, intermediate gate electrodes GEM dis-
posed, e.g., stacked, on the lower gate electrode GE_L., and
upper gate electrodes GE_U disposed, e.g., stacked, on the
intermediate gate electrodes GE_M. In an example embodi-
ment, the gate electrodes of the gate-stacked structure 270
may include a dummy gate electrode GE_D1 between the
lower gate electrode GE_L and the intermediate gate elec-
trodes GE_M, and a buffer gate electrode GE_D2 between
the intermediate gate electrodes GE_M and the upper gate
electrodes GE_U. Here, the buffer gate electrode GE_D2
may also be referred to as a dummy gate electrode.

[0061] In an example embodiment, the lower gate elec-
trode GE_L may be the first select line SL1 of FIG. 2
described above and/or the ground select line GSL of FIG.
1 described above. The dummy gate electrode GE_D1 may
be the first dummy line DL1 described above in FIG. 2, the
intermediate gate electrodes GE_M may be the word lines
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WL of FIGS. 1 and 2 described above, the buffer gate
electrode GE_D2 may be the second dummy line DL2 of
FIG. 2 described above, and the upper gate electrodes GE_U
may be the second select line SL.2 of FIG. 2 described above
and the string select line SSL of FIG. 1 described above.

[0062] The extension region 22 may include a first step
region 22a, a second step region 22c¢, and a buffer region 225
between the first and second step regions 224 and 22¢. The
first step region 22a may be a region in which pad regions
P of the upper gate electrodes GE_U may be disposed in a
staircase shape, and the second step region 22¢ may be a
region in which pad regions P of the intermediate gate
electrodes GE_M, pad regions P of the dummy gate elec-
trode GE_D1, and a pad region P of the lower gate electrode
GE_L may be disposed in a staircase shape.

[0063] The three-dimensional semiconductor device 10
may include a first pad through region TH1 passing through
the gate-stacked structure 270. The first pad through region
TH1 may overlap the first gap-fill layer 160a, e.g., a bottom
of the first pad through region TH1 may be centered on the
top of the first gap-fill layer 160a. In an example embodi-
ment, the first pad through region TH1 may pass through
gate electrodes of the gate-stacked structure 270 within the
buffer region 225 between the first and second step regions
22a and 22c¢, and may pass through the intermediate inter-
layer insulating layers 210M between the gate electrodes,
e.g., the first pad through region TH1 is the white portion
penetrating through the gate-stacked structure 270 in FIG. 4.
Further, the first pad through region TH1 may pass through
the lower interlayer insulating layer 210L.

[0064] In an example embodiment, the first pad through
region TH1 may include a lower through region TH1_L, and
an upper through region TH1_U on the lower through region
TH1_L. The upper through region TH1_U may have a width
wider than the lower through region TH1_L along the X
direction. For example, lateral surfaces of the upper through
region TH1_U may not be vertically aligned with those of
the lower through region TH1_I, e.g., the lower through
region TH1_L may be centered with respect to the upper
through region TH1_U. In an example embodiment, a length
of the upper through region TH1_U in a vertical direction
thereof, e.g., along the Z direction, may be greater than that
of the lower through region TH1_L in a vertical direction
thereof, e.g., along the Z direction.

[0065] In an example embodiment, the first pad through
region TH1 may have sides including a stepped portion S1.
The stepped portion S1 may be closer to a lower surface of
the gate-stacked structure 270 than to an upper surface of the
gate-stacked structure 270, e.g., along the Z direction. The
stepped portion S1 will be described in more detail below
with reference to FIG. 8A.

[0066] The three-dimensional semiconductor device 10
may include an upper insulating layer 230 covering a portion
of the gate-stacked structure 270. The upper insulating layer
230 may cover a portion of the gate electrodes of the
gate-stacked structure 270 positioned below the uppermost
gate electrode GE_U and within the extension region 22.
Thus, the upper insulating layer 230 may be disposed within
the extension region 22.

[0067] In an example embodiment, the upper insulating
layer 230 may cover an upper portion of the first pad through
region TH1, and may be integrally formed with the first pad
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through region TH1. The first pad through region TH1 and
the upper insulating layer 230 may be formed of, e.g., a
silicon oxide.

[0068] The three-dimensional semiconductor device 10
may include vertical channel structures VS passing through
the upper interlayer insulating layer 210U, the intermediate
interlayer insulating layers 210M, and the lower interlayer
insulating layer 2101 while passing through the gate-stacked
structure 270. The vertical channel structures VS may con-
nect to the upper substrate 150. The vertical channel struc-
tures VS may be disposed within the memory cell array
region 20.

[0069] In the gate-stacked structure 270, the pad regions P
disposed within the second step region 22¢ may be disposed
in a staircase shape, as illustrated in FIG. 3B. Here, the
staircase shape of the second step region 22c¢, defined by a
pair of first main separation structures MS1 (adjacent to each
other along the Y direction) and a second main separation
structure MS2 disposed between the pair of first main
separation structures MS1, will be described with reference
to FIG. 3B. Such a staircase shape may be a staircase shape
of a pair of memory blocks BLK adjacent to each other.
[0070] Referring to FIG. 3B, the pad regions P of the gate
electrodes, disposed in the staircase shape, will hereinafter
be referred to as “step portions.” The pad regions P may
include first step groups SG1 adjacent to the first main
separation structures MS1, second step groups SG2 disposed
in a center between the first step groups SG1, and third step
groups SG3 disposed between the first step groups SG1 and
the second step groups SG2. For example, as illustrated in
FIG. 3B, first step groups SG1 may be immediately adjacent
to each of the first main separation structures MS1 along the
Y direction (e.g., two first step groups SG1 corresponding to
each of the two first main separation structures MS1 are
illustrated in FIG. 3B). For example, as further illustrated in
FIG. 3B, the second step groups SG2 may be between, e.g.,
in a center between, the two first main separation structures
MS1, and the third step groups SG3 may be between the
second step groups SG2 and a corresponding one of the two
first main separation structures MS1. The third step groups
SG3 may be adjacent to the first step groups SG1. The
second step groups SG2 may be divided by the second main
separation structure MS2.

[0071] In an example embodiment, the second step groups
SG2 and the third step groups SG3 may have dummy
regions DA disposed therebetween. The dummy regions DA
may be regions in which step portions are not formed.
[0072] Respective step portions of the first step groups
SG1 may be raised by a first level in a direction away from
the first main separation structures MS1. Here, the first level
may be a difference in level between two adjacent gate
electrodes of the gate electrodes spaced in the direction
perpendicular to the surface of the upper substrate 150.
[0073] The step portions of the first step groups SG1 may
be lowered by a second level higher than the first level in a
direction away from the memory cell array region 20. For
example, the second level may be a difference in level
between first and third gate electrodes of the first gate
electrode, a second gate electrode, and the third gate elec-
trode sequentially arranged in a vertical direction.

[0074] At least a portion of step portions of the second step
groups SG2 may be adjacent to the upper substrate 150,
compared to the step portions of the first step groups SG1,
e.g., a vertical distance between the second step groups SG2
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and the upper substrate 150 may be smaller than a vertical
distance between the first step groups SG1 and the upper
substrate 150. At least a portion of step portions of the third
step groups SG3 may be adjacent to the upper substrate 150,
compared to the step portions of the second step groups SG2
e.g., a vertical distance between the second step groups SG2
and the upper substrate 150 may be larger than a vertical
distance between the third step groups SG3 and the upper
substrate 150. The step portions of the third step groups SG3
may be adjacent to the upper substrate 150, compared to the
step portions of the first step groups SG1.

[0075] In a modified example, the dummy regions DA,
disposed between the second step groups SG2 and the third
step groups SG3, as mentioned above, may be replaced with
second pad through regions TH2 of FIGS. 6A and 6B. Such
a modified example will be described with reference to
FIGS. 6A and 6B.

[0076] FIG. 6A is a plan view schematically illustrating a
modified example of the three-dimensional semiconductor
device 10, according to an example embodiment. FIG. 6B is
a perspective view schematically illustrating a modified
example of the three-dimensional semiconductor device 10,
according to an example embodiment.

[0077] Referring to FIGS. 6A and 6B, in a three-dimen-
sional semiconductor device 10a, the dummy regions DA of
FIGS. 3A and 3B may be replaced with the second pad
through regions TH2. Accordingly, the upper substrate 150
may include second gap-fill layers 1605 disposed in regions
in which the upper substrate 150 overlaps the second pad
through regions TH2.

[0078] An example of the above-mentioned vertical chan-
nel structures VS described above will be described with
reference to FIG. 7A. FIG. 7A is a cross-sectional view
schematically illustrating the vertical channel structure VS
together with a gate to illustrate an example of the vertical
channel structure VS and the gate in a three-dimensional
semiconductor device, according to an example embodi-
ment.

[0079] Referring to FIG. 7A, the vertical channel structure
VS may be disposed within a channel hole 234 passing
through the gate-stacked structure 270, the lower interlayer
insulating layer 210L, the intermediate interlayer insulating
layers 210M, and the upper interlayer insulating layer 210U.
In an example embodiment, the vertical channel structure
VS may include an insulating core layer 248 extending in the
direction perpendicular to the surface of the upper substrate
150, and passing through the gate-stacked structure 270, a
channel semiconductor layer 246 covering a lateral surface
and a bottom surface of the insulating core layer 248, a first
gate dielectric 240 surrounding an external surface of the
channel semiconductor layer 246, and a pad layer 250
disposed on the insulating core layer 248, and electrically
connected to the channel semiconductor layer 246.

[0080] The channel semiconductor layer 246 may be elec-
trically connected to the upper substrate 150. The channel
semiconductor layer 246 may be formed of a semiconductor
material, e.g., silicon or the like.

[0081] The pad layer 250 may be formed of, e.g., poly-
silicon having n-type conductivity. The insulating core layer
248 may be formed of an insulating material, e.g., silicon
oxide or the like.

[0082] The three-dimensional semiconductor device 10
may include a second gate dielectric 268 interposed between
the gate electrodes of the gate-stacked structure 270 and the
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vertical channel structures VS, and extending onto upper and
lower surfaces of the gate electrodes. At least one of the first
and second gate dielectrics 240 and 268 may include a layer
for storing information. For example, the first gate dielectric
240 may include a layer for storing information. However,
example embodiments are not limited thereto, e.g., the
second gate dielectric 268 may also include a layer for
storing information.

[0083] An example of the first gate dielectric 240, includ-
ing the layer for storing information, will be described
hereinafter. The first gate dielectric 240 may include a tunnel
dielectric 242, an information storage layer 243, and a
blocking dielectric 244.

[0084] The information storage layer 243 may be disposed
between the tunnel dielectric 242 and the blocking dielectric
244. The tunnel dielectric layer 242 may be adjacent to the
channel semiconductor layer 246, and the blocking dielec-
tric 244 may be adjacent to the gate-stacked structure 270.
The tunnel dielectric 242 may include, e.g., a silicon oxide
and/or an impurity-doped silicon oxide. The blocking
dielectric 244 may include a silicon oxide and/or a high-k
dielectric.

[0085] The information storage layer 243 may be inter-
posed between the channel semiconductor layer 246 and the
intermediate gate electrodes GE_M, and may be a layer for
storing information. For example, the information storage
layer 243 may be formed of a material, e.g., a silicon nitride,
that may trap and retain electrons injected from the channel
semiconductor layer 246 through the tunnel dielectric 242,
or that may remove electrons trapped within the information
storage layer 243, according to operating conditions of a
non-volatile memory device, e.g., a flash memory device or
the like. The second gate dielectric 268 may include a high-k
dielectric, e.g., AlO or the like.

[0086] The information storage layer 243 may store infor-
mation in regions facing the intermediate gate electrodes
GE_M of the gate-stacked structure 270 that may corre-
spond to the word lines WL of FIGS. 1 and 2 described
above in FIGS. 1 and 2. The regions, in which the informa-
tion storage layer 243 of the vertical channel structure VS
may store information, may be arranged in the direction
perpendicular to the surface of the upper substrate 150, and
may constitute the memory cells MC described above in
FIG. 2. The channel semiconductor layer 246 may be
directly connected to the upper substrate 150, but example
embodiments are not limited thereto.

[0087] A modified example of the vertical channel struc-
ture VS will be described with reference to FIG. 7B. FIG. 7B
is a cross-sectional view schematically illustrating the modi-
fled example of the vertical channel structure VS in a
three-dimensional semiconductor device, according to an
example embodiment.

[0088] Referring to FIG. 7B, in the gate electrodes of the
gate-stacked structure 270, a spacing between the lower gate
electrode GE_L closest to the upper substrate 150, and the
dummy gate electrode GE_D1 on the lower gate electrode
GE_L, may be greater than that between the other gate
electrodes. A vertical channel structure VS’ may be disposed
within the channel hole 234, as described above in FIG. 7A.
[0089] In an example embodiment, the vertical channel
structure VS’ may include a lower channel semiconductor
layer 235 disposed below the channel hole 234, and facing
the lower gate electrode GE_L, the insulating core layer 248
disposed on the lower channel semiconductor layer 235, an
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upper channel semiconductor layer 246' covering the lateral
surface and the bottom surface of the insulating core layer
248, the first gate dielectric 240 surrounding an external
surface of the upper channel semiconductor layer 246', and
the pad layer 250 disposed on the insulating core layer 248,
and electrically connected to the channel semiconductor
layer 246. The lower channel semiconductor layer 235 may
be directly connected to the upper substrate 150, and may be
formed as an epitaxial semiconductor layer. The upper
channel semiconductor layer 246' may be formed of a
semiconductor material, e.g., silicon or the like.

[0090] The first gate dielectric 240 may be the same as
described above in FIG. 7A. Further, the second gate dielec-
tric 268, which may be interposed between the vertical
channel structure VS’ and the gate-stacked structure 270,
and may extend onto the upper and lower surfaces of the
gate electrodes of the gate-stacked structure 270, as
described above in FIG. 7A, may be disposed.

[0091] Referring again to FIGS. 3A through 5, the three-
dimensional semiconductor device 10 may include the upper
interlayer insulating layer 210U, and a first capping insu-
lating layer 255 disposed on the upper interlayer insulating
layer 210U. The first capping insulating layer 255 may be
formed of, e.g., a silicon oxide.

[0092] The three-dimensional semiconductor device 10
may include main separation structures MS traversing the
memory cell array region 20 and the extension region 22.
Each of the memory blocks BLK of FIG. 1 within the
memory cell array region 20, as described above in FIG. 1,
may be positioned between a pair of the main separation
structures MS adjacent to each other.

[0093] The three-dimensional semiconductor device 10
may include auxiliary separation structures SS disposed
between the main separation structures MS. In an example
embodiment, the auxiliary separation structures SS may
include auxiliary separation structures of a line shape tra-
versing the memory cell array region 20 along the X
direction and extending into a portion of the extension
region 22, and auxiliary separation structures SS disposed
within the extension region 22. In an example embodiment,
the respective auxiliary separation structures SS have a
shorter length than the main separation structures MS.
[0094] Thus, the auxiliary separation structures SS may
have the line shape, and may be spaced within the portion of
the extension region 22 in a length direction of the line
shape. As a result, at least one intermediate gate electrode
GE_M, positioned between the pair of main separation
structures MS adjacent to each other and disposed on the
same plane, may not be completely divided by the auxiliary
separation structures SS to thus be used as a single word line.
Between the pair of main separation structures MS adjacent
to each other, the auxiliary separation structures SS may
divide the upper gate electrode GE_U into a plurality of
upper gate electrodes GE_U (FIG. 3B).

[0095] In an example embodiment, an insulating line 232
may be disposed between the pair of main separation
structures MS adjacent to each other, and may be disposed
between the auxiliary separation structures SS to divide the
upper gate electrode GE_U into the upper gate electrodes
GE_U (FIG. 5). The insulating line 232 may be disposed on
a level higher than that of the intermediate gate electrodes
GE_M.

[0096] The main separation structures MS and the auxil-
iary separation structures SS may be disposed on the upper
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substrate 150, and may pass through the gate-stacked struc-
ture 270. The main separation structures MS and the auxil-
iary separation structures SS may pass through the gate-
stacked structure 270, the lower interlayer insulating layer
210L, the intermediate interlayer insulating layers 210M, the
upper interlayer insulating layer 210U, and the upper insu-
lating layer 230. Each of the main separation structures MS
and the auxiliary separation structures SS may include a
conductive pattern 276, and spacers 274 covering lateral
surfaces of the conductive pattern 276.

[0097] The spacers 274 may be formed of an insulating
material, e.g., a silicon oxide, a silicon nitride, or the like.
The spacers 274 may space the conductive pattern 276 apart
from the gate-stacked structure 270.

[0098] The conductive pattern 276 may be formed of a
conductive material including at least one of doped poly-
silicon, a metal nitride, e.g., a titanium nitride or the like, or
a metal, e.g., tungsten or the like. In an example embodi-
ment, the conductive pattern 276 may also be referred to as
a source contact plug.

[0099] The main separation structures MS may include the
first main separation structures MS1, and the second main
separation structure MS2 between the first main separation
structures MS1. In an example embodiment, the second
main separation structure MS2 may traverse the memory
cell array region 20 in a single line shape, extend into the
extension region 22, and include a portion MS2' in which a
single line may be divided into two lines, so as to surround
the first pad through region TH1 (FIGS. 3A-3B). The two
lines of the divided portion MS2' of the second main
separation structure MS2, as described above, may be com-
bined into a single line to traverse a remaining portion of the
extension region 22. In an example embodiment, the divided
portion MS2' of the second main separation structure MS2
may include protrusion portions extending in a direction
from a portion of the divided portion MS2' surrounding the
first pad through region TH1 to the auxiliary separation
structures SS. In an example embodiment, the divided
portion MS2' of the second main separation structure MS2
may be disposed between at least some of the auxiliary
separation structures SS.

[0100] The three-dimensional semiconductor device 10
may include impurity regions 272 within the upper substrate
150 below the main separation structures MS and the
auxiliary separation structures SS. The impurity regions 272
may have n-type conductivity, and portions of the upper
substrate 150, adjacent to the impurity regions 272, may
have p-type conductivity. The impurity regions 272 may be
the common source line CSL of FIGS. 1 and 2 described
above.

[0101] The three-dimensional semiconductor device 10
may include a second capping insulating layer 278 disposed
on the first capping insulating layer 255 to cover the main
separation structures MS and the auxiliary separation struc-
tures SS. The second capping insulating layer 278 may be
formed of, e.g., a silicon oxide.

[0102] The three-dimensional semiconductor device 10
may include bit line contact plugs 2805 passing through the
first and second capping insulating layers 255 and 278 and
electrically connected to the vertical channel structures VS,
and the gate contact plugs 280g extending onto the pad
regions P of the gate electrodes of the gate-stacked structure
270, while passing through the first and second capping
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insulating layers 255 and 278, so as to be electrically
connected to the pad regions P of the gate electrodes.
[0103] The three-dimensional semiconductor device 10a
may include peripheral contact plugs passing through the
first and second capping insulating layers 255 and 278,
passing through the first pad through region THI1, and
extending downwardly to be electrically connected to the
peripheral wirings 130 of the peripheral circuit PCIR within
the lower structure 110. The peripheral contact plugs may
include gate peripheral contact plugs 284g. The gate periph-
eral contact plugs 284g may pass through the upper substrate
150. For example, the gate peripheral contact plugs 284¢g
may sequentially pass through the gate-stacked structure 270
and the first gap-fill layer 160a, and may extend into the
lower structure 110 to be electrically connected to the
peripheral wirings 130.

[0104] The three-dimensional semiconductor device 10
may include upper wirings disposed on the second capping
insulating layer 278. The upper wirings may include bit lines
2906 electrically connected to the bit line contact plugs
2805, and gate connection wirings 290g electrically con-
nected to the gate contact plugs 280g. In an example
embodiment, at least a portion of the gate connection
wirings 290g may be electrically connected to the gate
peripheral contact plugs 284g. Thus, at least a portion of the
gate electrodes of the gate-stacked structure 270 may be
electrically connected to the peripheral circuit PCIR below
the upper substrate 150 through the first pad through region
TH1.

[0105] Alternatively, at least a portion of the gate elec-
trodes of the gate-stacked structure 270 may be electrically
connected to the peripheral circuit PCIR below the upper
substrate 150 through the first pad through region TH1, and
through the second pad through regions TH2 described
above in FIGS. 6A and 6B.

[0106] The sides of the first pad through region TH1, and
the pad regions P of the gate electrodes of the gate-stacked
structure 270, as described above, will be described with
reference to FIGS. 8A and 8B. FIGS. 8A and 8B are partially
enlarged views of regions “A1” and “A2” of FIG. 4. Here,
region “Al” may represent the stepped portion S1 of each of
the sides of the first pad through region TH1 described
above, and region “A2” may represent the pad region P of
the gate-stacked structure 270.

[0107] Referring first to FIGS. 4 and 8A, a width of the
stepped portion S1 of the side of the first pad through region
TH1 in a horizontal direction of the stepped portion S1 (in
region Al of FIG. 8A) may be narrower than that of the pad
region P of the gate-stacked structure 270 in a horizontal
direction of the pad region P (in region A2 of FIG. 8A). In
an example, a portion of a gate electrode of the gate-stacked
structure 270 positioned in the stepped portion S1 of the side
of the first pad through region TH1 (e.g., a portion of the
gate electrode defining the stepped portion S1 in region Al
of FIG. 8A) and in the pad region P of the gate-stacked
structure 270 (e.g., a portion of the gate electrode defining
the pad region P in region A2 of FIG. 8A) may have an
increased thickness at a region immediately adjacent the first
pad through region THI1.

[0108] Forexample, the gate electrode of the gate-stacked
structure 270 may extend to have a first thickness, and may
have a second thickness greater than the first thickness in the
stepped portion S1 of the side of the first pad through region
THI1, and in the pad region P of the gate-stacked structure
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270. However, example embodiments are not limited
thereto. For example, as illustrated in FIG. 8B, a portion of
a gate electrode of the gate-stacked structure 270, positioned
in the stepped portion S1 of the side of the first pad through
region TH1, and the pad region P of the gate-stacked
structure 270, may have the same thickness as another
portion of the gate electrode.

[0109] In the foregoing, a first pad through region TH1
and a second main separation structure MS2, disposed
between the pair of the first main separation structures MS1,
have mainly been described with reference to FIGS. 3A
through 5, but example embodiment are not limited thereto.
For example, the first pad through region TH1 and the
second main separation structure MS2 may be formed as a
plurality of first pad through regions TH1 and a plurality of
second main separation structures MS2, respectively.
[0110] As described above, an example of the three-
dimensional semiconductor device 10, including the first
pad through region TH1 that may be formed as the first pad
through regions TH1, and the second main separation struc-
ture MS2 that may be formed as the second main separation
structures MS2, will be described with reference to FIG. 9.
Here, the three-dimensional semiconductor device 10 may
include all of the constituent elements described above with
reference to FIGS. 3 A through 5. The constituent elements,
as described above with reference to FIGS. 3A through 5,
have been previously described, and detailed descriptions
thereof will thus be omitted.

[0111] FIG. 9 is a plan view schematically illustrating a
modified example of a semiconductor device, according to
an example embodiment.

[0112] Referring to FIGS. 3A through 5 and 9, a first pad
through region TH1 and a second main separation structure
MS2, described above in FIGS. 3A through 5, may be
repeatedly arranged in one direction. Thus, a plurality of first
pad through regions TH1 may be disposed.

[0113] The first pad through regions TH1 may be repeat-
edly arranged on a plane illustrated in FIG. 9 in the second
direction Y perpendicular to the first direction X from the
memory cell array region 20 to the extension region 22. For
example, as illustrate in FIG. 9, the first pad through regions
TH1 may be spaced apart from each other along the second
direction Y, e.g., each first pad through region TH1 may have
a longitudinal direction along the second direction Y and
may extend only along two memory blocks BLK.

[0114] Each of the first pad through regions TH1 may be,
e.g., continuously, surrounded by the divided portion MS2'
of the second main separation structure MS2, as described
above in FIGS. 3A through 5. Thus, a plurality of second
main separation structures MS2 may be disposed in propor-
tion to the number of the first pad through regions THI.
[0115] The main separation structures MS may include the
first main separation structures MS1 and the second main
separation structures MS2. Each of the second main sepa-
ration structures MS2 may be disposed between a pair of
first main separation structures MS1, adjacent to each other,
of the first main separation structures MS1. Thus, the first
main separation structures MS1 and the second main sepa-
ration structure MS2 may be repeatedly arranged in the
second direction Y. For example, as illustrated in FIG. 9, the
first main separation structure MS1 may have a linear shape
extending along the first direction X between two adjacent
first pad through regions TH1, and the second main sepa-
ration structure MS2 may extend along the first direction X
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and surround respective ones of the first pad through regions
THI1, e.g., the first and second main separation structures
MS1 and MS2 may alternate in the second direction Y.
[0116] Each of the first pad through regions TH1 may
electrically connect the gate electrodes of the gate-stacked
structure 270 to the peripheral circuit PCIR below the upper
substrate 150, as described above in FIGS. 3A through 5.
According to an example embodiment, a memory through
region TH3 (FIGS. 9 and 10A), similar to the first pad
through region TH1, may be used to electrically connect the
bit lines 2905 described above in FIGS. 3A through 5 to the
peripheral circuit PCIR disposed below the upper substrate
150.

[0117] An example of a semiconductor device, including
the memory through region TH3 (FIGS. 9 and 10A) as
described above, will be described with reference to FIGS.
3A through 5, 9, and 10A. FIG. 10A is a schematic cross-
sectional view along line III-I1I' of FIG. 9. Here, the con-
stituent elements, as described above with reference to
FIGS. 3A through 5, and 9, have been previously described,
and detailed descriptions thereof will thus be omitted.
[0118] Referring to FIGS. 3A through 5, 9, and 10A, a
three-dimensional semiconductor device according to
embodiments may include the memory through region TH3
disposed between the first main separation structure MS1
and the second main separation structure MS2, adjacent to
each other, of the main separation structures MS positioned
within the memory cell array region 20. Thus, the memory
blocks BLK may be repeatedly arranged in the second
direction Y, as described above, and at least one of the
memory blocks BLK, repeatedly arranged in such a manner,
may be replaced with the memory through region TH3.
Accordingly, at least one memory through region TH3 may
be disposed between a pair of the memory blocks BLK, e.g.,
the at least one memory through region TH3 may have a
longitudinal direction along the first direction X, in a plan
view. As illustrated in FIG. 10A, the memory through region
TH3 may pass through the gate-stacked structure 270, and
may pass through the lower interlayer insulating layer 210L,
the intermediate interlayer insulating layers 210M, and the
upper interlayer insulating layer 210U in the Z direction.
[0119] As mentioned above with reference to FIGS. 3A
through 5, the first pad through region TH1 may be disposed
within the extension region 22. Further, the first pad through
region TH1 may pass through the lower gate electrode
GE_L, the dummy gate electrode GE_D1, the intermediate
gate electrodes GE_M, and the buffer gate electrode GE_D2
of the gate-stacked structure 270 within the buffer region
22b between the first and second step regions 22a and 22c.
The memory through region TH3 may be disposed within
the memory cell array region 20, and may pass through the
lower gate electrode GE_I, the dummy gate electrode
GE_D1, the intermediate gate electrodes GE_M, the buffer
gate electrode GE_D2, and the upper gate electrode GE_U
of the gate-stacked structure 270. Thus, the first pad through
region TH1 may be spaced apart from the upper gate
electrode GE_U along the first direction X, and the memory
through region TH3 may pass through the upper gate elec-
trode GE_U further than the first pad through region TH1
does.

[0120] The memory through region TH3 may be formed
of the same material as the first pad through region TH1,
e.g., a silicon oxide. The memory through region TH3 may
include a lower through region TH3_L, and an upper
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through region TH3_U on the lower through region TH3_L.
In the memory through region TH3, the upper through
region TH3_U may have a width wider than the lower
through region TH3_IL.. The memory through region TH3
may have sides including a stepped portion S1, as in the first
pad through region TH1. The memory through region TH3
may have a gap-fill layer 161 disposed therebelow to overlap
the memory through region TH3.

[0121] The gap-fill layer 161 may be formed of an insu-
lating material filling a substrate hole 15556 passing through
the upper substrate 150. The gap-fill layer 161 may be
formed of the same insulating material as the first gap-fill
layer 160a, for example, a silicon oxide.

[0122] A bit line peripheral contact plug 2845 may pass
through the memory through region TH3, may pass through
the first and second capping insulating layers 255 and 278,
and the second gap-fill layers 1605, and may extend into the
lower structure 110 to be electrically connected to the
peripheral wirings 130 of the peripheral circuit PCIR. Each
of the bit lines 2905 may be electrically connected to the bit
line peripheral contact plug 2845. Thus, the bit line 2905
may be electrically connected to the peripheral circuit PCIR
through the bit line peripheral contact plug 2845 passing
through the memory through region TH3.

[0123] In an example embodiment, the memory through
region TH3 may have a shape similar to that of the first pad
through region TH1, and may also be modified to have
various shapes. For example, the memory through region
TH3 may pass through the upper gate electrode GE_U
further than the first pad through region TH1 does to thus be
modified to have a different shape from the first pad through
region THI.

[0124] For example, a plurality of upper gate electrodes
GE_U may be stacked in the direction perpendicular to the
surface of the upper substrate 150, and the upper gate
electrodes GE_U may have the pad regions P arranged
within the extension region 22 to have the staircase shape.
A patterning process for forming the pad regions P of the
staircase shape of the upper gate electrodes GE_U may
pattern the upper gate electrode GE_U in a location in which
the memory through region TH3 is to be formed, to expose
the buffer gate electrode GE_D2. In such a state, the memory
through region TH3 may be formed by the same process as
that of forming the first pad through region TH1. A shape of
the memory through region TH3 may be variously modified,
depending on an exposed shape of the buffer gate electrode
GE_D2 formed by patterning the upper gate electrode GE_U
in the location in which the memory through region TH3 is
to be formed.

[0125] FIGS. 10B and 10C are cross-sectional views illus-
trating modified examples of the memory through region
TH3 of FIG. 10A.

[0126] Referring first to FIG. 10B, a memory through
region TH3' may include a stepped portion S2 on an upper
portion thereof. For example, in the upper through region
TH3_U of the memory through region TH3, a width of the
upper through region TH3_U, defined by the uppermost gate
electrode of the gate electrodes, may be greater than that of
the upper through region TH3_U defined by the intermediate
gate electrodes GE_M. For example, as illustrated in FIG.
10B, the memory through region TH3 may have three
vertical portions with increasing widths on top of each other
with the first and second stepped portions S1 and S2
separating the vertical portions.
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[0127] Referring to FIG. 10C, a memory through region
TH3" may have sides including a plurality of step portions
S1'. The staircase shape, in which the pad regions P of the
gate electrodes of the gate-stacked structure 270 may be
arranged, and the first pad through region TH1, as described
above, may be modified to have various forms without being
limited to the foregoing example embodiments.

[0128] A modified example of the staircase shape and the
first pad through region THI, as described above, will be
described with reference to FIGS. 11A and 11B.

[0129] FIG. 11A is a perspective view schematically illus-
trating a modified example of a three-dimensional semicon-
ductor device, according to an example embodiment, and
FIG. 11B is a cross-sectional view schematically illustrating
a portion of FIG. 11A, taken in the direction from the
memory cell array region 20 to the extension region 22.
Here, the modified example of the staircase shape and the
first pad through region TH1 will mainly be described, and
descriptions of the remaining constituent elements can be
understood as being replaced with those described above.
Thus, detailed descriptions thereof will be omitted.

[0130] Referring to FIGS. 11A and 11B, the lower sub-
strate 105, the lower structure 110, and the upper substrate
150, as described above, may be disposed. A gate-stacked
structure 370, disposed on the upper substrate 150, may
include gate electrodes spaced apart from each other and
stacked, e.g., in the third direction Z perpendicular to the
surface of the upper substrate 150.

[0131] The gate electrodes of the gate-stacked structure
370 may be spaced apart from each other and stacked within
the memory cell array region 20, as stated above, and may
extend into the extension region 22 to have pad regions P
within the extension region 22. The gate electrodes of the
gate-stacked structure 370 may include a lower gate elec-
trode GE_L, a dummy gate electrode GE_D1 on the lower
gate electrode GE_L, intermediate gate electrodes GE_M on
the dummy gate electrode GE_D1, a buffer gate electrode
GE_D2 on the intermediate gate electrodes GE_M, and
upper gate electrodes GE_U on the buffer gate electrode
GE_D2.

[0132] The extension region 22 may include the first step
region 22a, the second step region 22¢, and the buffer region
22b between the first and second step regions 22a and 22c¢,
as described above. The first step region 22a may be a region
in which step portions may be formed of pad regions P of the
upper gate electrodes GE_U sequentially lowered. The sec-
ond step region 22¢ may be a region in which pad regions
P may be positioned, and the pad regions P may be arranged
to have a staircase shape lowering by the first level in the
first direction from the memory cell array region 20 to the
extension region 22, or a staircase shape rising or lowering
by the second level lower than the first level in the second
direction, perpendicular to the first direction.

[0133] A first pad through region TH1' may pass through
the gate-stacked structure 370 of the buffer region 225. A
first gap-fill layer 160a may overlap the first pad through
region TH1', and may pass through the upper substrate 150.
[0134] The first pad through region TH1' may have sides
including stepped portions S1. Thus, the first pad through
region TH1' may have the sides formed of a plurality of step
portions. The pad through region TH1' may have a shape in
which a width may increase toward an upper portion thereof
in stages. A decreasing level difference between the step
portions of the first pad through region TH1' may be
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substantially the same as a decreasing level difference
between the pad regions P of the second step region 22¢ in
the first direction from the memory cell array region 20 to
the extension region 22.

[0135] A modified example of the staircase shape and the
first pad through region TH1 will be described with refer-
ence to FIG. 12.

[0136] FIG. 12 is a cross-sectional view illustrating a
modified example of a three-dimensional semiconductor
device, according to an example embodiment. Here, the
modified example of the staircase shape and the first pad
through region TH1 will mainly be described, and descrip-
tions of the remaining constituent elements can be under-
stood as being replaced with those described above. Thus,
detailed descriptions thereof will be omitted.

[0137] Referring to FIG. 12, pad regions P of gate elec-
trodes of a gate-stacked structure 470 may be arranged to
have a staircase shape lowering by the first level in the
direction away from the memory cell array region 20. The
pad regions P, arranged to have such a staircase shape, may
be step portions of the gate electrodes.

[0138] A first pad through region TH1", passing through
the gate-stacked structure 470, may have a shape in which
a width may increase toward an upper portion thereof. For
example, sides of the first pad through region TH1" may
include step portions S1 corresponding to the staircase shape
of the gate electrodes of the gate-stacked structure 470. For
example, when the step portions of the gate electrodes of the
gate-stacked structure 470 gradually lower by the first level,
the step portions S1 of the sides of the first pad through
region TH1" may also gradually lower.

[0139] A modified example of the upper substrate 150
and/or the main separation structures MS, as described
above, will be described with reference to FIGS. 13A and
13B. FIGS. 13 A and 13B illustrate schematic cross-sectional
views of a modified example of a semiconductor device,
according to an example embodiment. FIG. 13A is a cross-
sectional view taken along line I-I' of FIG. 3A, and FIG. 13B
is a cross-sectional view taken along line II-II' of FIG. 3A.
Here, the modified example of the upper substrate 150
and/or the main separation structures MS will mainly be
described, and descriptions of the remaining constituent
elements can be understood as being replaced with those
described above. Thus, detailed descriptions thereof will be
omitted.

[0140] Referring to FIGS. 13A and 13B, an upper sub-
strate 150' may include a first region 150a and a second
region 15056 on the first region 150a. The first region 150a
may formed of a conductive material. For example, the
conductive material of the first region 150a may include a
metal nitride (e.g., TiN, WN, or the like), a metal silicide
(e.g., WSi, TiSi, TaSi, or the like), or a metal (e.g., W or the
like). The second region 1505 may be formed of polysilicon.
For example, at least a portion of the second region 1505
may be formed of polysilicon having n-type conductivity.
The at least a portion of the second region 1505 may be the
common source line CSL of FIGS. 1 and 2 described above.
The first region 150a may be spaced apart from the vertical
channel structures VS. The second region 1505 may contact
a portion of each of the vertical channel structures VS.
[0141] Inamodified example, a main separation structures
MS’ may formed of an insulating material. For example, the
insulating material of the main separation structures MS’
may be a silicon oxide, silicon oxynitride or silicon nitride.
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[0142] As mentioned above with reference to FIGS. 3A
through 13B, in an example embodiment, a plurality of first
pad through regions TH1 may be disposed within the
extension region 22 on one side of the memory cell array
region 20. However, example embodiments are not limited
thereto.

[0143] A modified example of an arrangement of the first
pad through regions TH1 will be described with reference to
FIG. 14. FIG. 14 is a plan view illustrating a modified
example of a three-dimensional semiconductor device,
according to an example embodiment.

[0144] Referring to FIG. 14, extension regions 22 may be
disposed on both sides of a memory cell array region 20.
Thus, a single memory cell array region 20 may be disposed
between a pair of extension regions 22.

[0145] The above-mentioned first pad through regions
TH1 may be arranged in zigzag form within the pair of
extension regions 22, with the memory cell array region 20
interposed between the first pad through regions THI.
[0146] As previously described in FIGS. 3A through 14,
each of the first pad through regions TH1 may be surrounded
by the divided portion MS2' of the second main separation
structure MS2. However, example embodiments are not
limited thereto.

[0147] Such a modified example will be described with
reference to FIG. 15. FIG. 15 is a plan view illustrating a
modified example of a three-dimensional semiconductor
device, according to an example embodiment.

[0148] Referring to FIG. 15, extension regions 22 may be
disposed on both sides of a memory cell array region 20. As
described above, main separation structures MS may tra-
verse the memory cell array region 20 and the extension
regions 22. The main separation structures MS may have a
line shape in which the main separation structures MS may
be parallel to each other and spaced apart from each other.
[0149] First pad through regions TH1 may be disposed
within an extension region 22 on one side of the memory cell
array region 20. The first pad through regions TH1 may be
disposed between the main separation structures MS having
the line shape, within the extension region 22. The first pad
through regions TH1 disposed between the main separation
structures MS having the line shape, as described above,
may be disposed within the extension region 22 on the one
side of the memory cell array region 20. However, example
embodiments are not limited thereto, and may be modified.
[0150] A modified example of an arrangement of the first
pad through regions THI1, as described above, will be
described with reference to FIG. 16. FIG. 16 is a plan view
illustrating a modified example of a three-dimensional semi-
conductor device, according to an example embodiment.

[0151] Referring to FIG. 16, first pad through regions TH1
may be disposed within main separation structures MS
having a line shape, and may be arranged in zigzag form
within extension regions 22 positioned on both sides of the
memory cell array region 20. As described above with
reference to FIGS. 15 and 16, the first pad through regions
TH may be disposed between the main separation structures
MS having the line shape, within the extension region 22.
[0152] An example of an extension region disposed
between such main separation structures MS will be
described with reference to FIG. 17. FIG. 17 is a plan view
illustrating a modified example of a three-dimensional semi-
conductor device, according to an example embodiment.
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[0153] Referring to FIG. 17, a memory through region
THS3 as described above in FIG. 9 may be disposed between
main separation structures MS having a line shape, within
the memory cell array region 20. Thus, the memory through
region TH3 may be disposed between the main separation
structures MS, together with first pad through regions TH1,
as described with reference to FIGS. 15 and 16.

[0154] An example of a method of forming a structure of
the three-dimensional semiconductor device described
above will be described with reference to FIGS. 18A, 18B,
and 19 through 24. FIGS. 18A and 18B are process flow-
charts illustrating the example of the method of forming the
three-dimensional semiconductor device according to
embodiments. FIGS. 19 and 24 are perspective views sche-
matically illustrating stages in the method of forming the
three-dimensional semiconductor device, according to an
example embodiment.

[0155] Types or structures of materials of constituent
elements mentioned below can be understood as those
described above with reference to FIGS. 3A through 5, and
detailed descriptions thereof will be omitted. Thus, detailed
descriptions of primary constituent elements of the semi-
conductor device 10a described above with reference to
FIGS. 3A through 5 will be omitted hereinafter, and a
method of forming such primary constituent elements will
mainly be described.

[0156] Referring to FIGS. 18A, 18B, and 19, the lower
structure 110, including the peripheral circuit PCIR, may be
formed on the lower substrate 105 (S5). An upper substrate
150 may be disposed on the lower structure 110 (S10).
[0157] Forming the upper substrate 150 may include form-
ing a polysilicon substrate, forming substrate holes by
patterning the polysilicon substrate, and forming an inter-
mediate insulating layer 162 on a lateral surface of the
patterned polysilicon substrate while forming a first gap-fill
layer 160a and a second gap-fill layer 1605 filling the
substrate holes. Here, the patterned polysilicon substrate
may be the upper substrate 150.

[0158] A mold structure 205, including interlayer insulat-
ing layers 210 and sacrificial layers 207 alternately and
repeatedly stacked, may be formed on the upper substrate
150 (S15). An uppermost interlayer insulating layer of the
interlayer insulating layers 210, and an uppermost sacrificial
layer of the sacrificial layers 207 may be patterned to form
a first step 211a. The first step 211a may have a shape
corresponding to the staircase shape of the upper gate
electrode GE_U of the gate-stacked structure 270 described
above in FIGS. 3A through 5.

[0159] Subsequently, a second uppermost interlayer insu-
lating layer of the interlayer insulating layers 210, and a
second uppermost sacrificial layer of the sacrificial layers
207 may be patterned to form the first step 211a with an
increased number of step portions, and uppermost mold
patterns 2115. The uppermost mold patterns 2115 may be
formed within an extension region 22 on the upper substrate
150, and may be spaced apart from each other.

[0160] As described above in FIGS. 3A through 5, in the
plan view, a direction from a memory cell array region 20 to
the extension region 22 may be referred to as the first
direction X, a direction perpendicular to the first direction X
may be referred to as the second direction Y, and in the
cross-sectional view, a direction perpendicular to a surface
of the upper substrate 150 may be referred to as the third
direction Z.
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[0161] A level of a portion of the mold structure 205 in
which the first step 211a and the uppermost mold patterns
2115 may not be formed, may be low. In a modified
example, in order to form the first step 211a and the
uppermost mold patterns 2115, while a portion of the
interlayer insulating layers 210 and a portion of the sacri-
ficial layers 207 are etched, another portion of the interlayer
insulating layers 210 and another portion of the sacrificial
layers 207, of the mold structure 205, positioned within the
memory cell array region 20 in which a memory through
region, e.g., the memory through region TH3 of FIG. 9
described above in FIG. 9, is to be formed, may be etched.
[0162] Referring to FIGS. 18A, 18B, and 20, the mold
structure 205 may be patterned to form step portions 211c¢
gradually lowering in the first direction X. The step portions
211c, as described above, may be formed from a portion of
the uppermost mold patterns 2115 adjacent to the memory
cell array region 20 to another portion of the uppermost
mold patterns 2115 away from the memory cell array region
20. Here, the step portions 211¢, gradually lowering in the
first direction X, may be lowered by a thickness of two
sacrificial layers 207 and two interlayer insulating layers
210.

[0163] Among the step portions 211c gradually lowering
in the first direction X, some step portions positioned within
a region overlapping the uppermost mold patterns 2115 may
be relatively higher than the remaining step portions. The
step portions may be step portions of the sacrificial layers
207.

[0164] Referring to FIGS. 18A, 18B, and 21, a first
photoresist pattern 213, having a first through opening
portion 213a and a first step opening portion 2135, may be
formed on the mold structure 205. The first through opening
portion 213a may be disposed between the uppermost mold
patterns 2115 and the first step 211a. The first through
opening portion 213a may be formed in a location in which
the first pad through region TH1 described with reference to
FIGS. 3A through 5 is to be formed.

[0165] In a modified example, the first through opening
portion 213a may be formed as a plurality of first through
opening portions 213a, and may be formed in a location in
which the memory through region TH3 of FIG. 9 described
above in FIG. 9, is to be formed.

[0166] Referring to FIGS. 18A, 18B, and 22, a portion of
the mold structure 205 may be etched using the first pho-
toresist pattern 213 of FIG. 21 as an etching mask, to form
a first through recess region 214a and a first step recess
region 214b. The first through recess region 214a may be
formed by etching a portion of the mold structure 205
positioned below the first through opening portion 213a of
FIG. 21, and the first step recess region 2145 may be formed
by etching a portion of the mold structure 205 positioned
below the first step opening portion 2135 of FIG. 21.
[0167] Referring to FIGS. 18A, 18B, and 23, a second
photoresist pattern 215, having a second through opening
portion 2154 and second step opening portions 2155, may be
formed on the mold structure 205. The second through
opening portion 2154 may be formed to have a width wider
than the first through recess region 214a, while exposing an
entirety of the first through recess region 214a. The second
step opening portions 21556 may be spaced apart from each
other in the second direction Y. The second step opening
portions 2156 may be formed such that both lateral surfaces
of the first step recess region 214b parallel to the first
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direction X may be positioned in central portions of the
second step opening portions 2155.

[0168] Referring to FIGS. 18A, 18B, and 24, the mold
structure 205 exposed by the second through opening por-
tion 2154 and the second step opening portions 2156 may be
etched using the second photoresist pattern 215 as an etching
mask. The etching of the mold structure 205 may include
etching the mold structure 205 until the upper substrate 150
may be exposed, and/or the first gap-fill layer 160a may be
exposed, in a portion of the mold structure 205. The sacri-
ficial layers 207 of the mold structure 205 formed in such a
process may be formed to have step portions having a shape
corresponding to the staircase shape of the pad regions P of
the gate electrodes of the gate-stacked structure 270
described above with reference to FIGS. 3A through 5.

[0169] Further, a through hole 220 may be formed by
etching the mold structure 205 exposed by the second
through opening portion 215a. Such a through hole 220 may
be formed as a plurality of through holes 220. Thus, as
described above, the mold structure 205 may be patterned to
form the through hole passing through the mold structure
205 and the step portions of the mold structure 205.

[0170] Referring again to FIGS. 18A, 18B, and 3A
through 5, an insulating layer, filling the through hole while
covering the step portions, may be formed (S25), and when
the through hole is formed as a plurality of through holes, the
insulating layer, filling the through holes, may form the
upper insulating layer 230, while forming the first pad
through region TH1 and/or the memory through region TH3,
as described above with reference to FIGS. 3A through 5.

[0171] Vertical channel structures VS may be formed
through the mold structure 205 (S30). The vertical channel
structures VS may be the vertical channel structures VS, as
described above with reference to FIGS. 3A through 5.

[0172] Subsequently, the first capping insulating layer
255, as described above with reference to FIGS. 3A through
5, may be formed, and separation trenches may be formed to
pass through the first capping insulating layer 255 and the
mold structure 205 and to expose the sacrificial layers 207
(S35). The sacrificial layers 207 may be removed to form
openings (S40).

[0173] Gates may be formed within the openings (S45).
The gates may be the gate electrodes of the gate-stacked
structure 270 and the second gate dielectric 268, as
described above with reference to FIGS. 6A through 13B.

[0174] The impurity regions 272, as described above with
reference to FIGS. 3A through 5, may be formed below the
separation trenches. Separation structures may be formed
within the separation trenches (S50). The separation struc-
tures may be the main separation structures MS and the
auxiliary separation structures SS described above with
reference to FIGS. 3A through 13B. Subsequently, the
second capping insulating layer 278, as described above
with reference to FIGS. 3A through 5, may be formed.

[0175] Subsequently, peripheral contact plugs may be
formed to pass through an insulating layer within the
through hole, for example, the first pad through region TH1,
and the upper substrate 150, and to be electrically connected
to the peripheral circuit PCIR (S55). The peripheral contact
plugs may be the gate peripheral contact plugs 284g and/or
the bit line peripheral contact plug 2845.
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[0176] Subsequently, the upper wirings, as described
above with reference to FIGS. 3A through 5, may be formed.
The upper wirings may be the gate connection wirings 290g
and the bit lines 2905.

[0177] Subsequently, an example of a method of forming
a step and a through region such that a width of the step in
one direction and a width of a stepped portion of the through
region in one direction, as described above in FIGS. 3
through 13, may be different from each other, will be
described with reference to FIGS. 25A through 31B.
[0178] FIGS. 25A, 26A, 27A, 28A, 29A, 30A, and 31A
are cross-sectional views schematically illustrating a portion
of a step region STR to illustrate an example of a method of
forming a portion of step portions, and FIGS. 25B, 26B,
27B, 28B, 29B, 30B, and 31B are cross-sectional views
schematically illustrating a portion of a through region THR
to illustrate an example of a method of forming a side of the
through region THR. It can be understood that shapes and
sizes of the gate electrodes and the through region may be
determined, depending on a patterned shape of the sacrificial
layers 207 of the mold structure 205 in the method of
forming the three-dimensional semiconductor device
described above with reference to FIGS. 18A through 24.
Thus, a method of patterning the sacrificial layers 207 will
mainly be described hereinafter, but shapes of the through
region passing through the gate electrodes of the three-
dimensional semiconductor device, and of the step portions
of the gate electrodes, as described above, may be under-
stood from such a method.

[0179] Referring to 25A and 25B, an upper substrate 150,
having a first gap-fill layer 160a formed thereon, may be
provided. A mold structure 205, including interlayer insu-
lating layers 210 and sacrificial layers 207 alternately and
repeatedly stacked, may be formed on the upper substrate
150.

[0180] A first photoresist pattern 415a may be formed on
the mold structure 205. A portion of the mold structure 205
may be etched using the first photoresist pattern 415a as an
etching mask.

[0181] FIGS. 25A and 25B illustrate etching of four sac-
rificial layers 207 sequentially stacked, but example embodi-
ments are not limited thereto. For example, depending on a
staircase shape to be formed, a single sacrificial layer may
be etched, or the different number of sacrificial layers may
also be etched.

[0182] Referring to FIGS. 26A and 26B, portions of the
mold structure 205 may be etched in stages, while a size of
the first photoresist pattern 415a is reduced in stages, to form
first pad step portions 416a and first through step portions
417a. The first photoresist pattern 415a, a first photoresist
pattern 415b, a first photoresist pattern 415¢, and a first
photoresist pattern 4154 may have sizes reduced in stages,
and the sizes may be reduced according to a width of a step
to be formed. The first photoresist patterns 415a to 415d,
having the sizes reduced in stages, may be removed after the
first pad step portions 416a and the first through step
portions 417a are formed.

[0183] Referring to FIGS. 27A through 30B, a second
photoresist pattern 420a may be formed on the mold struc-
ture 205 having the first pad step portions 416a and the first
through step portions 417a formed therein, and a step
formation process may be performed using substantially the
same method as described above with reference to FIGS.
25A through 26B.
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[0184] Similar to the first photoresist patterns 415a to
415d, having the sizes reduced in stages, described above in
FIGS. 25A through 26B, the second photoresist pattern
420a, a second photoresist pattern 4205, a second photore-
sist pattern 420¢, and a second photoresist pattern 4204,
having sizes reduced in stages, may be formed sequentially,
as illustrated in FIGS. 27A through 30B. An etching process,
using the second photoresist patterns 420a to 4204 as
etching masks, respectively, may be performed to etch a
portion of the mold structure 205 in stages.

[0185] The second photoresist patterns 420a to 420d,
having the sizes reduced in stages, may be formed to overlap
the first pad step portions 4164, and may be formed to
overlap a portion of the first through step portions 417a.
Thus, second pad step portions 4165, not overlapping the
first pad step portions 4164, may be formed by the second
photoresist patterns 420a to 4204 having the sizes reduced
in stages, to form pad step portions 425a having the first and
second pad step portions 416a and 4165. Further, through
step portions 4215 may be formed to have a narrower
horizontal width than the first through step portions 417a by
the second photoresist patterns 420a to 4204 having the
sizes reduced in stages.

[0186] Further, referring to FIGS. 31A and 31B, a hori-
zontal length L2 between an uppermost step and a lower-
most step of the through step portions 4215 may be shorter
than a horizontal length [.1 between an uppermost step and
a lowermost step of the pad step portions 425a. It is further
noted that while FIG. 31B indicates the first pad through
region TH1 as formed to overlap the first gap-fill layer 160a,
either one of the through regions TH1 or TH3 may be
formed in a same method.

[0187] The three-dimensional semiconductor device,
according to an example embodiment, may include the
memory cell array region 20, the extension region 22
disposed on one or both sides of the memory cell array
region 20, the main separation structures MS traversing the
memory cell array region 20 and the extension regions 22,
and defining the memory blocks BLK, the gate-stacked
structure 270 or 370 disposed within the memory blocks
BLK, and extending into the extension regions 22, the
vertical channel structures VS disposed between the main
separation structures MS, and passing through the gate-
stacked structure 270 within the memory cell array region
20, and the at least one through region TH1 or TH3 disposed
within the memory cell array region 20 or the extension
regions 22, and passing through the gate-stacked structure
270. The at least one through region TH1 or TH3 may have
sides including at least one step portion.

[0188] Here, the at least one step portion of the sides of the
at least one through region TH1 or TH3 may also be referred
to as a stepped portion. The at least one through region TH1
or TH3 may have a lower region, and an upper pad region
on the lower region. Here, the upper region of the at least one
through region TH1 or TH3 may have a width wider than the
lower region.

[0189] In example embodiments, the at least one through
region TH1 or TH3 may be formed by a process of forming
the pad regions P of the gate-stacked structure 270. Thus, an
additional process for forming the at least one through
region TH1 or TH3 may be removed to reduce production
costs, thereby increasing the productivity of the semicon-
ductor device. Further, since a width of the at least one
through region TH1 or TH3 may increase in stages in the
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direction perpendicular to and away from the upper substrate
150, the at least one through region TH1 or TH3 may be
formed of an insulating material having no defects, such as
a void.

[0190] By way of summation and review, an aspect of
embodiments provides a three-dimensional semiconductor
device having a high degree of integration, and a method of
forming the same. That is, according to example embodi-
ments, a three-dimensional semiconductor device may
include a peripheral circuit below a gate-stacked structure.
Thus, a degree of integration of semiconductor devices may
be increased. Further, a through region, passing through the
gate-stacked structure electrically connecting gate elec-
trodes of the gate-stacked structure to the peripheral circuit,
may be provided. Thus, even when the number of the
stacked gate electrodes increases, the degree of integration
of semiconductor devices may be increased. Moreover, the
through region may be formed such that a width of an upper
region thereof may be greater than that of a lower region
thereof. Thus, void defects or the like, e.g., potentially
occurring during formation of the through region, may be
prevented or substantially minimized.

[0191] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

1. A three-dimensional semiconductor device, compris-

ing:

an upper substrate;

a gate-stacked structure on the upper substrate, the gate-
stacked structure including gate electrodes stacked
within a memory cell array region, while being spaced
apart from each other in a direction perpendicular to a
surface of the upper substrate, and extending into an
extension region adjacent to the memory cell array
region to be arranged within the extension region to
have a staircase shape; and

at least one through region passing through the gate-
stacked structure within the memory cell array region
or the extension region, the at least one through region
including a lower region and an upper region wider
than the lower region.

2. The three-dimensional semiconductor device as

claimed in claim 1, further comprising:

a lower substrate below the upper substrate;

a lower structure between the lower substrate and the
upper substrate, the lower structure including a periph-
eral circuit; and

a gap-fill layer within a substrate hole passing through the
upper substrate, the at least one through region over-
lapping the gap-fill layer.

3. The three-dimensional semiconductor device as

claimed in claim 1, wherein a side of the at least one through
region includes a stepped portion.
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4. The three-dimensional semiconductor device as
claimed in claim 3, wherein the stepped portion is closer to
a lower surface of the gate-stacked structure than to an upper
surface of the gate-stacked structure.

5. The three-dimensional semiconductor device as
claimed in claim 1, wherein the at least one through region
has a side having a staircase shape, and a width of the at least
one through region widens toward an upper portion of the at
least one through region in stages, according to the staircase
shape of the side.

6. The three-dimensional semiconductor device as
claimed in claim 1, wherein:

the extension region includes a first step region, a second

step region, and a buffer region between the first step
region and the second step region, and

the at least one through region includes a first pad through

region passing through the gate-stacked structure of the
buffer region.

7. The three-dimensional semiconductor device as
claimed in claim 6, wherein:

at least a portion of the gate electrodes of the gate-stacked

structure, within the first step region, have levels low-
ering in a first direction from the memory cell array
region to the extension region, and are arranged to have
a same level in a second direction, perpendicular to the
first direction and parallel to the surface of the upper
substrate, and

at least a portion of the gate electrodes of the gate-stacked

structure, within the second step region, have levels
lowering in the first direction, and are arranged to have
different levels in the second direction.

8. The three-dimensional semiconductor device as
claimed in claim 7, wherein:

the portion of the gate electrodes within the first step

region correspond to upper select gate electrodes, the
upper select gate electrodes including a first pad region,

a portion of the gate electrodes within the second step

region correspond to word lines, the word lines includ-
ing a second pad region, and

the first pad through region is between the first pad region

and the second pad region.

9. The three-dimensional semiconductor device as
claimed in claim 8, further comprising a second pad through
region among the word lines in the second pad region.

10. The three-dimensional semiconductor device as
claimed in claim 1, further comprising:

main separation structures traversing the memory cell

array region and the extension region, and defining
respective memory blocks;

vertical channel structures between the main separation

structures, within the memory cell array region, and
passing through the gate-stacked structure;

bit lines extending in a direction intersecting the main

separation structures; and

bit line contact plugs between the bit lines and the vertical

channel structures, and electrically connecting the bit
lines to the vertical channel structures.

11. The three-dimensional semiconductor device as
claimed in claim 10, wherein the at least one through region
further comprises a memory through region between a pair
of main separation structures adjacent to each other among
the main separation structures within the memory cell array
region.
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12. A three-dimensional semiconductor device, compris-
ing:

a lower substrate;

a lower structure on the lower substrate, the lower struc-

ture including a peripheral circuit;

an upper substrate on the lower structure;

a gap-fill layer within a substrate hole within the upper
substrate;

a gate-stacked structure on the upper substrate, the gate-
stacked structure including gate electrodes; and

a through region passing through the gate-stacked struc-
ture, the through region having a side with a stepped
portion.

13. The three-dimensional semiconductor device as
claimed in claim 12, wherein the through region includes a
lower region, and an upper region on the lower region, and
the upper region has a width wider than the lower region.

14. The three-dimensional semiconductor device as
claimed in claim 12, further comprising:

vertical channel structures passing through the gate-
stacked structure;

a peripheral contact plug passing through the through
region and the gap-fill layer, and extending into the
lower structure to be electrically connected to the
peripheral circuit; and

upper wirings on the gate-stacked structure and within the
through region, at least one of the upper wirings being
electrically connected to the peripheral contact plug.

15. The three-dimensional semiconductor device as
claimed in claim 14, wherein the upper wirings include:

upper gate wirings electrically connected to pad regions
of the gate electrodes; and

a bit line electrically connected to the vertical channel
structures, and at least a portion of the upper gate
wirings, or the bit line is electrically connected to the
peripheral contact plug.

16. A three-dimensional semiconductor device, compris-

ing:

a memory cell array region;

extension regions on both sides of the memory cell array
region;

main separation structures traversing the memory cell
array region and the extension regions;

a gate-stacked structure within the memory cell array
region, and extending into the extension regions;

vertical channel structures between the main separation
structures, and passing through the gate-stacked struc-
ture within the memory cell array region; and

at least one through region within the memory cell array
region or the extension regions, and passing through
the gate-stacked structure, the at least one through
region having a side with at least one step portion.

17. The three-dimensional semiconductor device as
claimed in claim 16, further comprising:
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a lower substrate;

a lower structure on the lower substrate, the lower struc-

ture including a peripheral circuit;

an upper substrate on the lower structure; and

a gap-fill layer within a substrate hole passing through the

upper substrate, the gap-fill layer overlapping the at
least one through region,

wherein the gate-stacked structure and the main separa-

tion structures are on the upper substrate,

wherein the gate-stacked structure includes gate elec-

trodes stacked within the memory cell array region,
while being spaced apart from each other in a direction
perpendicular to a surface of the upper substrate, and
extending into the extension regions to have pad
regions within the extension regions to be arranged to
have a staircase shape, and

wherein a width of the at least one step portion of the at

least one through region is narrower than a width of at
least one of the pad regions.

18. The three-dimensional semiconductor device as
claimed in claim 16, wherein:

the main separation structures include a pair of first main

separation structures adjacent to each other, and one
second main separation structure between the pair of
first main separation structures,

the at least one through region is within at least one of the

extension regions, while being disposed between the
pair of first main separation structures, and

the second main separation structure traverses the

memory cell array region in a single line shape, and
includes a portion divided to surround the at least one
through region within the at least one of the extension
regions.

19. The three-dimensional semiconductor device as
claimed in claim 18, further comprising auxiliary separation
structures between the main separation structures,

wherein the auxiliary separation structures are within the

memory cell array region and the extension regions,
and the respective auxiliary separation structures have
a shorter length than the main separation structures.

20. The three-dimensional semiconductor device as
claimed in claim 16, wherein:

the gate-stacked structure includes gate electrodes, the

gate electrodes having a lower gate electrode, interme-
diate gate electrodes on the lower gate electrode, a
buffer gate electrode on the intermediate gate elec-
trodes, and at least one upper gate electrode on the
buffer gate electrode,

the at least one upper gate electrode has an upper pad

region within the extension regions, and the interme-
diate gate electrodes have intermediate pad regions
within the extension regions, and

the at least one through region is between the upper pad

region and the intermediate pad regions, and passes
through the buffer gate electrode.

21.-25. (canceled)
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