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SEMICONDUCTOR MEMORY DEVICE AND METHOD FOR

FORMING THE SAME

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority under 35 U.S.C. § 119(a) to
Korean patent application number 10-2018-0142264, filed on November
19, 2018, the entire disclosure of which is incorporated herein in its
entirety by reference.

BACKGROUND

1. Technical Field
[0002] An aspect of the present disclosure relates to a semiconductor
memory device and a manufacturing method thereof, and more
particularly, to a three-dimensional (3-D) semiconductor memory device
and a manufacturing method thereof.

2. Related Art

[0003] To meet excellent performance and low cost that consumers
demand, there is a need to increase the integration of semiconductor
memory devices. Integration of two-dimensional or planar memory
devices is largely influenced by the level of fine pattern formation
technology because it is determined by the area occupied by a unit
memory cell. Further increases in the integration of two-dimensional
semiconductor memory devices may be possible, but they are limited due

to the high-cost of the equipment required to miniaturize the fine patterns.

[0004] To overcome this limitation, three-dimensional semiconductor
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memory devices in which unit memory cells are disposed in three-

dimensions have been developed recently.

SUMMARY

[0005] In accordance with an aspect of the present disclosure, there is
provided a three-dimensional semiconductor device.

[0006] In accordance with an embodiment of the three-dimensional
semiconductor device, the semiconductor memory device may include a
stacked structure including a plurality of conductive layers and a plurality
of interlayer insulating layers, which are alternately stacked on a
substrate; stepped grooves provided in the stacked structure, the stepped
grooves having different depths from each other; and an opening portion
penetrating the stacked structure to contact the substrate and having
steps on sidewalls, the steps having heights corresponding to depth
differences between stepped grooves.

In accordance with another embodiment of the three-dimensional
semiconductor device, the semiconductor memory device may include a
memory structure including a plurality of channel layers protruding in a
vertical direction on a substrate, a plurality of interlayer insulating layers
and a plurality of conductive layers which are alternately stacked along
the channel layers on the substrate; a logic structure disposed on a base
layer under the substrate and including a logic circuit and lower wiring
lines electrically connected to the logic circuit; stepped grooves provided

in a stacked structure including the interiayer insulating layers and the



10

15

20

conductive layers, the stepped grooves having different depths from each
other; an opening portion penetrating the stacked structure to contact the
substrate and including steps on sidewalls, the steps having heights
corresponding to depth differences between stepped grooves; and a
contact plug penetrating an insulating layer filling in the opening portion
and contacted to one of the lower wiring lines.

[0007] In accordance with another aspect of the present disclosure, there
is provided a method of manufacturing a semiconductor device. The
method may include forming a pre-stack by alternately stacking first
material layers and second material layers on a substrate; forming a
plurality of stepped grooves each having a step structure in the pre-stack;
recessing the stepped grooves to have different depths from each other;
forming an opening portion in the pre-stack, the opening portion have
steps which have heights corresponding to depth differences between
stepped grooves on sidewalls.

[0008] Other features and advantages of the invention will become
apparent to those with ordinary skill in the art to which the invention
belongs from the following description in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram illustrating an example of a
semiconductor memory device in accordance with an embodiment of the

present disclosure.
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[0010] FIG. 2 is a perspective view illustrating a structure of memory
strings of a semiconductor memory device in accordance with an
embodiment of the present disclosure.

[0011] FIG. 3 is a cross-sectional view illustrating a schematic structure of
a semiconductor memory device in accordance with an embodiment of the
present disclosure.

[0012] FIG. 4 is a plan view showing a schematic structure of a
semiconductor memory device in accordance with an embodiment of the
present disclosure.

[0013] FIG. 5 is a plan view showing a stacked structure of a
semiconductor memory device in accordance with an embodiment of the
present disclosure.

[0014] FIG. 6 is a cross-sectional view taken along line I-I 'and II-II' of
FIG. 5.

[0015] FIG. 7 is a cross-sectional view of a semiconductor memory device
in accordance with an embodiment of the present disclosure.

[0016] FIGS. 8 to 17 are plan views showing semiconductor memory
devices in accordance with various embodiments of the present disclosure.
[0017] FIGS. 18 and 19 are cross-sectional views showing semiconductor
memory devices in accordance with various embodiments of the present
disclosure.

[0018] FIGS. 20A to 20G are cross-sectional views for explaining a method
of forming a semiconductor memory device in accordance with an

embodiment of the present disclosure.
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[0019] FIG. 21 is a block diagram schematically illustrating a memory
system including a semiconductor memory device in accordance with an
embodiment of the present disclosure.

[0020] FIG. 22 is a block diagram schematically illustrating a computing
system including a semiconductor memory in accordance with an

embodiment of the present disclosure.

DETAILED DESCRIPTION
[0021] Hereinafter, a semiconductor memory device of a three-
dimensional structure will be described below with reference to the
accompanying drawings through various examples of embodiments. In
the following embodiments described with reference to the drawings,
substantially identical elements will be given the same names and the
same reference numerals, and duplicate descriptions of the same
elements will be omitted.
[0022] In describing the present disclosure, when it is determined that the
detailed description of the known related art may obscure the gist of the
present disclosure, the detailed description thereof will be omitted.
[0023] Although the terms such as first and second may be used to
describe various components, the components are not limited by the
terms, and the terms are used only to distinguish components from other
components.
[0024] The terminology used herein is for the purpose of describing

particular embodiments only and is not intended to be limiting of the
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present invention. As used herein, singular forms are intended to include
the plural forms as well, unless the context clearly indicates otherwise.
[0025] It will be further understood that the terms "comprises”,
"comprising”, "includes", and "including" when used in this specification,
specify the presence of the stated elements and do not preclude the
presence or addition of one or more other elements. As used herein, the
term "and/or" includes any and all combinations of one or more of the
associated listed items.

[0026] In the following description, numerous specific details are set forth
in order to provide a thorough understanding of the present invention.
The present invention may be practiced without some or all of these
specific details. In other instances, well-known process structures and/or
processes have not been described in detail in order not to unnecessarily
obscure the present invention.

[0027] It is also noted, that in some instances, as would be apparent to
those skilled in the relevant art, a feature or element described in
connection with one embodiment may be used singly or in combination
with other features or elements of another embodiment, unless otherwise
specifically indicated.

[0028] FIG. 1 is a block diagram illustrating an example of a
semiconductor memory device in accordance with an embodiment.

[0029] Referring to FIG. 1, the memory device 100 in accordance with an
embodiment may include a memory cell array 110, a row decoder 120, a

page buffer circuit 130, and a peripheral circuit 140
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[0030] The memory cell array 110 may include a plurality of memory cells.
The row decoder 120, the page buffer circuit 130, and the peripheral
circuit 140 may function to control the operation of the memory cell array
110 and may be referred to as a logic circuit. The peripheral circuit 140
may refer to other components in the logic circuit except for the row
decoder 120 and the page buffer circuit 130.

[0031] The memory cell array 110 may include a plurality of memory
blocks BLK1 to BLKn. Each of the memory blocks BLK1 to BLKn may
include a drain selection transistor (not shown) connected to a bit line, a
source selection transistor (not shown) connected to a source line, and a
plurality of memory cells connected between the drain selection transistor
and the source selection transistor. The memory cell may be a volatile
memory cell or a nonvolatile memory cell, Hereinafter, the
semiconductor memory device 100 will be described as a three-
dimensional, vertical type NAND flash device including nonvolatile
memory cells, but the technical concepts of the present disclosure are not
limited thereto.

[0032] The row decoder 120 may be coupled to the memory cell array 110
through row lines RL. The row lines RL may include one or more drain
select lines, a plurality of word lines, and one or more source select lines.
The row decoder 120 may select any one of the memory blocks BLK to
BLKn of the memory cell array 110 according to address information.
The row decoder 120 may transfer operating voltages X_V, such as

program voltages, pass voltages and read voltages from the peripheral
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circuit 140, to the row lines RL coupled to the selected memory block. In
order to transfer the operating voltages X_V to the row lines RL, the row
decoder 120 may include a plurality of pass transistors coupled to row
lines RL, respectively.

[0033] The page buffer circuit 130 may be coupled to the memory cell
array 110 through a plurality of bit lines BL. The page buffer circuit 130
may include a plurality of page buffers PB, which are coupled to the bit
lines BL, respectively. The page buffer circuit 130 may receive a page
buffer control signal PB_C from the peripheral circuit 140, and may
receive/transmit a data signal DATA from/to the peripheral circuit 140.
[0034] The page buffer circuit 130 may control the bit line BL coupled to
the memory cell array 110 in response to the page buffer control signal
PB_C. For example, the page buffer circuit 130 may sense a signal of the
bit line BL of the memory cell array 110 in response to the page buffer
control signal PB_C to detect the data stored in the memory cell of the
memory cell array 110. The page buffer circuit 130 may transmit the
data signal DATA to the peripheral circuit 140 according to the detected
data. The page buffer circuit 130 may write the data to the memory cell
of the memory cell array 110 by applying a signal to the bit line BL based
on the data signal DATA received from the peripheral circuit 140 in
response to the page buffer control signal PB_C. The page buffer circuit
130 may write the data to or read data from the memory cell coupled to
the word line activated by the row decoder 120.

[0035] The peripheral circuit 140 may receive the command signal CMD,
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the address signal ADD and the control signal CTRL from the outside of
the semiconductor memory device 100, and receive/transmit the data
DATA from/to the memory controller. The peripheral circuit 140 may
output signals for writing the data DATA to the memory cell array 110 or
reading the data DATA from the memory cell array 110 based on the
command signal CMD, the address signal ADD and the control signal CTRL.
For example, the signals may be the row address X_A and the page buffer
control signal PB_C. The peripheral circuit 140 may generate various
voltages required in the semiconductor memory device 100 including the
operating voltage X_V.

[0036] Hereinbelow, in the accompanying drawings, two directions parallel
to the upper surface of the surface and intersecting with each other are
defined as a first direction FD and a second direction SD. The first
direction FD may correspond to the extending direction of the word lines
or the arrangement direction of the bit lines, and the second direction SD
may correspond to the extending direction of the bit lines or the
arrangement direction of the word lines. The first direction FD and the
second direction SD may intersect substantially perpendicular to each
other. A vertical direction perpendicular to both the first and the second
directions is defined as a third direction FD. In the drawings, a direction
indicated by an arrow and a direction opposite thereto represent the same
direction.

[0037] FIG. 2 is perspective view illustrating a structure of memory strings

of a semiconductor memory device in accordance with an embodiment of
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the present disclosure. Referring to FIG. 2, a memory string may include
a straight type channel layer CH.

[0038] The channel layer CH may extend from the substrate 30 in the
third direction TD. The channel layer CH may be connected between the
substrate 30 and a bit line BL. The channel layer CH may be electrically
connected to the source area of the substrate 30. A plurality of channel
layers CH may be arranged along the first and second directions FD and
SD at regular intervals. A plurality of channel layers CH may be spaced
apart along the first direction FD at a first regular interval. A plurality of
channel layers CH may be spaced apart along the second direction SD at
a second regular interval. The first and second regular intervals may be
the same or different. The second regular interval may be greater than
the first regular interval.

[0039] The channel layer CH is surrounded by conductive layers 41
stacked along the third direction TD while being spaced apart from each
other. The conductive layers 41 are disposed between the substrate 30
and the bit line BL. The conductive layers 41 may include one or more
source select lines SSL, a plurality of word lines WL stacked over the
source select line SSL and one or more drain select lines DSL stacked over
the word lines WL. The conductive layers 41 may be separated into two
groups by a first slit SI1. The drain select line DSL may be separated, by
a second slit SI2, into units smaller than those of the word lines WL and
the source select line SSL. The conductive layers 41 may extend in the

first and second directions FD and SD.
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[0040] Although not shown in FIG. 2, the outer wall of the channel layers
CH may be surrounded by a multi-layered memory layer including a
tunnel insulating layer, a data storage layer, and a blocking insulating
layer. Each of the conductive layers 41 surrounds the channel layers CH
with the multi-layered memory layer interposed therebetween.
According to the above-described structure, a source select transistor is
disposed at an intersection portion of the source select line SSL and the
channel layer CH. Memory cells are disposed at intersection portions of
the word lines WL and the channel layer CH, respectively. A drain select
transistor is disposed at an intersection portion of the drain select line
DSL and the channel layer CH. Accordingly, the source select transistor,
the memory cells and the drain select transistor, which are connected in
series along the channel layer CH, may constitute a straight-type memory
string. The memory string may be connected between the bit line BL and
a source line to constitute a three-dimensional memory device.

[0041] The memory string, which are described in FIG. 2, may be straight-
type, but the present disclosure is not limited thereto. For Example, the
channel layer may be a U-shape. The source selection transistor, the
memory cells and the drain selection transistor may be disposed along the
U-shaped channel layer to form a U-shaped memory string.

[0042] FIG. 3 is a cross-sectional view illustrating a schematic structure of
a semiconductor memory device in accordance with an embodiment of the
present disclosure.

[0043] Referring to FIG. 3, a logic structure 20 is disposed over a lower

11
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substrate 10. An upper substrate 30 is disposed over the logic structure
20. The memory structure 40 may be disposed over the upper substrate
30.

[0044] The lower substrate 10 may also be defined as a base layer. The
upper substrate 30 may be defined as a substrate that is the basis of the
memory structure 40. In the following description, the 'base layer' will
be used in substantially the same meaning as the lower substrate. The
'substrate' will be used in substantially the same meaning as the upper
substrate.

[0045] The logic structure 20 may include a logic circuit and lower wiring
lines connected to the logic circuit. The logic circuit may include the row
decoder 120, the page buffer circuit 130 and peripheral circuitry 140
shown in FIG. 1. The memory structure 40 may include the memory cell
array 110 shown in FIG. 1. The logic circuit including the row decoder 120,
the page buffer circuit 130 and the peripheral circuit 140 may be disposed
under the memory cell array 110. In other words, the semiconductor
memory device 100 may have a PUC (Peri Under Cell) structure.

[0046] FIG. 4 is a plan view showing a schematic structure of a
semiconductor memory device in accordance with an embodiment of the
present disclosure.

[0047] Referring to FIG. 4, at least a portion of the logic structure 20 of
FIG. 3 may be disposed in an overlapping manner with the memory cell
array 110 in the third direction TD. For example, the row decoder 120

and the page buffer circuit 130 may be overlapped with the memory ceil
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array 110.

[0048] The row decoder 120 may be divided into a first sub-row decoder
120A and a second sub-row decoder 120B. The page buffer circuit 130
may be divided into a first sub-page buffer circuit 130A and a second sub-
page buffer circuit 130B.

[0049] The first and second sub-row decoders 120A and 120B may be
arranged to have an elongated shape with the long axis extending along
the second direction SD, which is the arrangement direction of the word
lines. The sum of the length of the first sub-decoder 120A and the length
of the second sub-decoder 120B in the second direction SD may be
substantially the same as the length of the memory cell array 110 in the
second direction SD.

[0050] The first and second sub-page buffer circuits 130 A and 130 B may
be arranged to have an elongated shape with the long axis extending
along the first direction FD, which is an arrangement direction of bit lines.
The sum of the length of the first sub-page buffer circuit 130A and the
length of the second sub-page buffer circuit 130B in the first direction FD
may be substantially the same as the length of the memory cell array 110
in the first direction FD.

[0051] All of the first and second sub-row decoders 120A and 120B and
the first and second sub-page buffer circuits 130A and 130B may be
overlapped with the memory cell array 110 in the third direction TD. More
specifically, the sub-row decoders 120A and 120B, and the sub-page

buffer circuits 130A and 130B may be arranged in an alternating order at
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the four corners of an area overlapping in the third direction TD with the
memory cell array. Hence, as shown in FIG. 4, the first sub-row decoder
120A may be positioned at a right upper corner, the first sub-page buffer
circuit 130A may be positioned at a left upper corner, the second sub-row
decoder 120B may be positioned at a left lower corner, and the second
sub-page buffer circuit 130B may be positioned at a right lower corner of
the area overlapping in the third direction TD with the memory cell array.
This configuration may be referred to herein as a windmill configuration.
Although the present embodiment shows a case where the sub-row
decoders 120A and 120B and the sub-page buffer circuits 130A and 130B
are arranged on the corners of the area overlapping in the third direction
TD with the memory cell array, but the invention is not limited in this way.
[0052] A plurality of input / output pads PAD may be arranged along the
first direction FD at an edge of the base layer 10. The plurality of input /
output pads PAD may be spaced apart along the first direction FD at a
regular interval. The plurality of input/output pads PAD may be in a
single row as shown in FIG. 4, however the invention is not limited in this
way. The input/output pads PAD may be external contacts of the
semiconductor memory device 100 for electrical connection with an
external device. The peripheral circuit 140 may be disposed adjacent to
the input / output pads PAD in the second direction SD. Although not
shown, the peripheral circuit 140 may be electrically connected to the
input / output pads PAD through a plurality of lines.

[0053] As described above, the memory cell array 110 may be overlapped

14
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with the row decoder 120 in the third direction TD. The memory cell
array 110 may include a plurality of memory strings. The memory
strings may have the structure described with reference to FIG. 2. Each of
the conductive layers 41 in FIG. 2 of the memory cell array 110 may have
a pad region which is exposed by another conductive film 41 disposed
thereon and also of any interlayer insulating layer 42 so that vertical
contacts may be landed on the pad regions of the conductive layers 41
and connected to the conductive layers, respectively. Routing lines
electrically connected to the pass transistors (not shown) of the row
decoder 120 may be connected to the contacts. Accordingly, the
conductive layers 41 of the memory cell array 110 may be connected to
the pass transistors of the row decoder 120 through the contacts and the
routing lines. The memory cell array 110 may have a plurality of stepped
grooves (See R1 to R4 in FIGS. 5 and 6) for exposing the pad regions of
the conductive layers 41.

[0054] The memory cell array 110 may be overlapped with the logic circuit
such as a row decoder 120 and a page buffer circuit 130. A lower wiring
line UM (FIG. 7) electrically connected to the logic circuit may be disposed
under the memory cell array 110. An upper wiring line TM (FIG. 7) may
be disposed on the memory cell array 110. The upper wiring line TM may
be connected to the lower wiring line UM through a contact plug CP. In
other words, a contact plug CP may connect between the upper and lower
wiring lines. This embodiment may have an opening portion in the

memory cell array 110 to provide a space through which the contact plug
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passes.

[0055] FIG. 5 is a plan view showing a semiconductor memory device in
accordance with an embodiment of the present disclosure. FIG. 6 shows
a cross-sectional views taken along lines I-I 'and II-IT' of FIG. 5.

[0056] Referring to FIGS. 5 and 6, the semiconductor memory device in
accordance with an embodiment of the present disclosure may include
stacked structure SA, stepped grooves R1 to R4 and opening portion OP.
[0057] The stacked structure SA may include first and second memory
blocks MB1 and MB2 disposed adjacent one another in the second
direction SD. The first and the second memory blocks MB1 and MB2 may
be separated each other by a slit SI extending in the first direction FD
when viewed from the top. Each of the first and the second memory
blocks MB1 and MB2 may include a plurality of conductive layers 41 and a
plurality of interlayer insulating layers 42, which are alternately stacked
along the third direction TD on a substrate 30.

[0058] The substrate 30 may include a pair of first connection regions
CNR1, a plurality of cell regions CR, and a plurality of second connection
regions CNR2. The first connection regions CNR1 are spaced apart each
other and positioned at opposite ends of the substrate 30. The cell
regions CR and the second connection regions CNR2 are alternately
disposed between the first connection regions CNR1l. In FIG. 5, the
regions CNR1, CR, CNR2, CNR2, CR, CNR2 and CNR1 are arranged
consecutively in the stated order along the first direction FD.

[0059] The first and the second memory blocks MB1 and MB2 are disposed

16
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on the cell regions CR, the first and the second connection regions CNR1
and CNR2. Both ends of the first and the second blocks MB1 and MB2
may be located at the first connection regions CNR1.

[0060] The stepped grooves R 1 to R 4 and the opening portions OP are
disposed in the stacked structure SA. For example, the first and second
memory blocks MB1 and MB2 may be provided with a plurality of stepped
grooves R 1 to R 4 and an opening portions OP. The stepped grooves R1
to R4 may be disposed in the first connection regions CNR1. The opening
portions OP may be disposed over the second connection regions CNR2.
[0061] Each of the stepped grooves R1 to R4 may include step structures
P with a plurality of steps ST on both side surfaces of each groove in the
first direction FD. The step structures P on both sides of each grove may
include the same number of steps. The height H of each of the steps ST
may be the same as the vertical pitch of the conductive layers 41. Stated
otherwise, the height of each step is equal to the sum of the thicknesses
of one conductive layer 41 and an interlayer insulating layer 42.
Hereinafter, for convenience of description, the stepped grooves R1 to R4
will be referred to as first to fourth stepped grooves.

[0062] The first to the fourth stepped grooves R1 to R4 may have different
depths from each other. The first stepped groove R1 may have a first
depth of D1. The second stepped groove R2 may have a depth
corresponding to the sum of the first depth D1 and a second depth D2.
The second depth D2 may correspond to the difference between the depth

of the second stepped groove R2 and the depth of the first stepped
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groove R1. The third stepped groove R3 may have a depth corresponding
to the sum of the first depth D1, the second depth D2 and a third depth
D3. The third depth D3 may correspond to the difference between the
depth of the third stepped groove R3 and the depth of the second stepped
groove R2. The fourth stepped groove R4 may have a depth
corresponding to the sum of the first depth D1, the second depth D2, the
third depth D3 and a fourth depth D4. The fourth depth D4 may
correspond to the difference between the depth of the fourth stepped
groove R4 and the depth of the third stepped groove R3.

[0063] The second stepped groove R2 may have one side step Al on the
both side walls in the first direction FD. The side step A1 may have a
height equal to the first depth D1. The opening width of the second
stepped groove R2 in the first direction may be greater than the opening
width of the first stepped groove R1 in the first direction.

[0064] The third stepped groove R3 may have two side steps A2 on the
both side walls in the first direction FD. The two side steps A2 may have
heights corresponding to the first depth D1 and the second depth D2,
respectively. The opening width of the third stepped groove R3 in the first
direction may be greater than the opening width of the second stepped
groove R2 in the first direction.

[0065] The fourth stepped groove R4 may have three side steps A3 on the
both side walls in the first direction FD. The three side steps A3 may have
heights corresponding to the first depth D1, the second depth D2 and the

third depth D3, respectively. The opening width of the fourth stepped
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groove R4 in the first direction may be greater than the opening width of
the third stepped groove R3 in the first direction. It is noted that
opening width refers to the largest width of a groove in the first direction.
[0066] In the above-described embodiment the number of the stepped
grooves R1 to R4 is four, and the number of the steps of each step
structures P is four, however, the invention is not limited in this way. Also,
in the above-described embodiment the number of the steps of the step
structures P is equal to each other, however, it is noted that in variations
of this embodiment the number of the steps of the step structures P in
each groove may be different from each other.

[0067] Each of the opening portions OP may be connected to the substrate
30 ‘through the first and the second memory blocks MB1 and MB2. Each
opening portion OP may provide space for a contact plug CP to pass
through. The contact plug CP may connect the upper wiring line TM (FIG.
7) over the first and second memory blocks MB1 and MB2 to the lower
wiring line UM (FIG. 7) under the first and second memory blocks MB1
and MB2. The contact plug CP may connect the upper wiring line TM over
the first and second memory blocks MB1 and MB2 to the substrate 30
under the first and second memory blocks MB1 and MB2.

[0068] When the opening portion OP is formed by a process different from
the stepped grooves R1 to R4, a mask forming process and an etching
process must be separately performed to form the opening portion OP,
thereby the number of process steps will be increase. Increasing the

number of process steps may result in an increased manufacturing time,
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a lower through put, and an increased manufacturing cost.

[0069] In addition, when the opening portion OP penetrating through the
first and the second memory blocks MB1 and MB2 is formed by a single
etching process, the pattern around the opening portion OP may be
collapsed during the etching process, which may lead to an increase of
the defect rate and a decrease of the yield.

[0070] In accordance with an embodiment of the present invention, the
opening portion OP may be formed through a process for etching the
second to fourth stepped grooves R2 to R4. Due to this manufacturing
feature, the opening portion OP may include four side steps A4 on the
side wall, each of which has a height corresponding to the depth
differences between the second to the fourth stepped grooves R2 to R4,
respectively. The four side steps A4 may be provided on sidewalls of the
opening portion OP. Specifically, the four side steps A4 may have a height
corresponding to the first depth D1, the second depth D2, the third depth
D3 and the fourth depth D4, respectively.

[0071] The opening portion OP may have an inverted pyramid shape in
which the width of the first and the second direction FD and SD increase
as the vertical distance from the substrate 30 increases. Due to an
inverted pyramid shape of the opening portion OP, the conductive layers
41 and the interlayer insulating layers 42 around the opening portion OP
may be structurally stable. Therefore, the collapse of the conductive
layers 41 and the interlayer insulating layers 42 around the opening

portion OP may be suppressed and the defects may be reduced.
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[0072] Since, the opening portion OP is simultaneously formed through the
process of etching the second to fourth stepped grooves R2 to R4, a
separate mask forming process and a separate etching process are not
required to form the opening portion OP. Therefore, the number of
process steps is reduced, the manufacturing time and manufacturing cost
of the semiconductor memory device can be decreased. Since the opening
portions OP are formed by several etching processes, the depth required
to be etched in the single etching process is reduced, so that pattern
collapse that occurs during the etching process can be suppressed and the
yield of the semiconductor memory device can be improved.

[0073] In an embodiment, the opening portions OP are exposed at the
sides of the first and second memory blocks MB1 and MB2, and are
contacted with the slit SI for separating the first and second memory
blocks MB1 and MB2. In this specification, the structure of such an
opening portion OP will be defined as an open structure.

[0074] The opening portion OP extends in the second direction SD from
one side of the first memory block MB1 which is in contact with the slit SI
towards the opposite side of the first memory block MB1 but and does not
reach the opposite side thereof. The opening portion OP also extends in
the second direction SD from one side of the second memory block MB2
which is in contact with the slit SI towards the opposite side of the second
memory block MB2 but and does not reach the opposite side thereof.
The slit SI cuts the opening OP in two equal parts in the second direction.

The size of the opening portion OP in the second direction is only a small
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fraction of the width of each memory block MB1 and MB2 and, although,
its size may vary by design choice, the opening portion OP does not divide
the conductive layers 41 and the interlayer insulating layers 42 of the first
and second memory blocks MB1 and MB2 in the second direction SD.
[0075] Unlike the opening portion OP, the first to fourth stepped grooves
R1 to R4 may cross the first and second memory blocks MB1 and MB2 in
the second direction SD and may divide some of the conductive layers 41
and the interlayer insulating layers 42 included in the first and second
memory blocks MB1 and MB2 in the second direction SD. The conductive
layers 41 of the cell regions CR in the single memory block must have the
same potential as those located in the same layer. Accordingly, in the case
where the first to fourth stepped grooves R1 to R4 are disposed at the
second connection region CNR1 between the cell regions CR, and the
conductive layers 41 are divided by the the first to fourth stepped grooves
R1 to R4, the additional wiring lines for connecting between the divided
conductive layers 41 are required. When the first to fourth stepped
grooves R1 to R4 are disposed at the end of the first and second memory
blocks MB1 and MB2 arranged on the first connection region CNR1 as in
the present embodiment, even if the conductive layers 41 of the first and
second memory blocks MB1 and MB2 are divided by the first to fourth
stepped grooves R1 to R4, it is not necessary to connect between the
divided conductive layers 41. Therefore, no additional wiring line for
connecting between the divided conductive layers 41 is required.

[0076] FIG. 7 is a cross-sectional view of a semiconductor memory device
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in accordance with an embodiment of the present disclosure.

[0077] Referring to FIG. 7, a semiconductor memory device in accordance
with an embodiment of the present disclosure may include a memory
structure 40, a logic structure 20, stepped grooves R1 to R4, an opening
portion OP and a contact plug CP.

[0078] The logic structure 20 may be disposed on a base layer 10. The
base layer 10 may be a semiconductor substrate having a first type
conductivity, for example, a P-type conductivity. The semiconductor
substrate as the base layer may include, for example, at least one
selected from the group including a monocrystalline silicon layer, an SOI
(silicon on insulator), a silicon layer formed on a silicon germanium (SiGe)
layer, a monocrystalline silicon layer formed on an insulating layer and a
polysilicon layer formed on an insulating layer.

[0079] The logic structure 20 may include, for example, a logic circuit LC,
lower wiring lines UM and lower contacts UCT electrically connected to the
logic circuit LC, and lower insulating layers 21 to 23.

[0080] The logic circuit LC may include a plurality of transistors TR. The
transistors TR may constitute the row decoder 120, the page buffer circuit
130 and the peripheral circuit 140 described above with reference to FIGS.
1 and 4. The transistors TR may be disposed in the active region defined
by the isolation layer 10A.

[0081] The lower insulating layers 21 to 23 may be provided on the base
layer 10 to cover the logic circuit LC. The lower insulating layer 21 to 23

may include a silicon oxide layer, a silicon nitride layer, or a silicon
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oxynitride layer. The lower insulating layers 21 to 23 may include first to
third lower insulating layers 21 to 23, but the present disclosure is not
limited thereto.

The lower insulating layers 21 to 23 may be stacked one on top of the
other with the lower insulating layer 21 formed on the base layer 10, the
lower insulating layer 22 formed on the lower insulating layer 21, and the
lower insulating layer 23 formed on the lower insulating layer 22.

[0082] The lower wiring lines UM may be disposed on the lower insulating
layers 21 and 22. More specifically, some of the lower wiring lines UM may
be disposed on the lower insulating layer 21 and some may be disposed
on the lower insulating layer 22. The lower wiring lines UM may be
connected to the logic circuit LC through the lower contacts UCT passing
through the lower insulating layers 21 and 22. The lower contacts UCT
may be elongated members extending in the third direction TD. Some of
the lower wiring lines UM that are disposed on the lower insulating layer
22 may be connected with at least one lower wiring line UM disposed on
the lower insulating layer 21 via a lower contact UCT. It is further noted
that the configuration of the lower wiring lines UM and the lower contacts
UCT may change by design and is not limited in the one shown in FIG. 7.
The lower wiring lines UM and the lower contacts UCT may be formed of
any suitable conductive material. A suitable conductive material may be
a tungsten or a metal containing tungsten.

[0083] The substrate 30 may be disposed on the third lower insulating

layer 23. The substrate 30 may be composed of silicon such as
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polycrystalline silicon. Unlike the base layer 10 in which monocrystalline
silicon can be used, the substrate 30 may be composed of polycrystalline
silicon since it must be formed on the third lower insulating layer 23.
[0084] The memory structure 40 may be disposed on the substrate 30.
The memory structure 40 may include a plurality of channel structures CS
projecting in the third direction TD on the substrate 30 through the stack
of conductive layers 41 and interlayer insulating layers 42. The plurality
of conductive layers 41 and the plurality of interlayer insulating layers 42
may be alternately stacked along the channel structure CS on the
substrate 30.

[0085] The first to fourth stepped grooves R1 to R4 and the opening
portion OP may be provided in the conductive layers 41 and the interlayer
insulating layers 42. Since the first to fourth stepped grooves R1 to R4
and the opening portion OP have been already described with reference to
FIGS. 5 and 6, a duplicate description of the same configuration will be
omitted.

[0086] The substrate 30 may have an opening 30A for exposing the third
lower insulating layer 23 in an area overlapping with the opening portion
OP in the vertical direction. Insulating layer 31 may fill the space of the
opening 30A

[0087] The upper insulating layer 43 may be provided on the memory
structure 40. The first to fourth stepped grooves R 1 to R 4 may be filled
with the upper insulating layer 43.

[0088] The channel structures CS may rise above the top interlayer
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insulating layer 42 and may have a top surface at the same height as the
top surface of the upper insulating layer 43. The channel structures CS
may pass through the upper insulating layer 43, the stack of alternating
conductive layers 41 and interlayer insulating layers 42 and may be
connected to the substrate 30. The channel structures CS may pass
through the upper insulating layer 43, the conductive layers 41 and the
interlayer insulating layers 42 in the third direction TD to contact the top
surface of the substrate 30. Each of the channel structures CS may
include a channel layer CH and a gate insulating layer GI. The channel
layer CH may be made of any suitable material including polysilicon or
monocrystalline silicon, and may also include in some regions thereof an
impurity such as a P-type impurity, for example, boron (B). The channel
layer CH may have the shape of a pillar or the shape of a solid cylinder
which is completely filled up to its center. While not shown, in a variation
of the illustrated embodiment, the channel layer CH may have the shape
of a tube having an open center region. A buried insulating layer may be
formed in the open center region of the channel layer CH. The channel
layer CH may have a gradually tapered shape having its largest cross-
section at its top surface and its smallest cross-section at its bottom
surface. The cross-section of the channel layer may be cylindrical,
however, the invention is not limited in this way and other cross-sectional
shapes may also be employed.

[0089] The gate insulating layer GI may be formed conformally on the

channel layer CH and may surround the entire outer surface of the
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channel layer CH. The gate insulating layer GI may have the shape of a
straw or a cylinder shell which surrounds the outer wall of the channel
layer CH. The gate insulating layer GI may include a tunnel insulating
layer, a charge storage layer and a blocking layer sequentially stacked
from the outer wall of the channel layer CH all of which are well known in
the art, thus, they will not be described herein in detail. For example, in
some embodiments, the gate insulating layer GI may have an ONO
(oxide-nitride-oxide) stack structure in which an oxide layer, a nitride
layer and an oxide layer are sequentially stacked.

[0090] The upper wiring lines TM may be disposed on the upper insulating
layer 43. The upper wring lines TM may be connected with the lower
wiring lines UM by the contact plug CP passing through an upper
insulating layer 43 filled in the opening portion OP, the insulating layer 31
and the third lower insulating layer 23.

[0091] FIGS. 8 to 17 are plan views showing a semiconductor memory
device in accordance with various embodiments of the present disclosure.
[0092] Referring to FIG. 8, the opening portion OP may be disposed both
inside the first and second memory block MB1 or MB2. Also, as
illustrated in FIG. 8 the opening portion OP may not be exposed to the
sides of the first and second memory blocks MB1 and MB2. In this case,
the opening portion OP is not connected to the slit SI separating the first
and second memory blocks MB1 and MB2. The conductive layers 41 and
the interlayer insulating layers 42 of the first and second memory blocks

MB1 and MB2 may not be divided by opening portion OP. In this
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specification, the structure of such an opening portion OP will be defined
as a closed structure.

[0093] Referring to FIG. 9, the opening portions OP and the stepped-
grooves R1 to R4 may be disposed at the end portions of the first and
second memory blocks MB1 and MB2 in the first connection region CNR1.
The opening portions OP and the stepped grooves R1 to R4 may be
alternately arranged along the first direction FD.

[0094] The opening portions OP may be disposed inside the first and
second memory blocks MB1 and MB2 and may not be exposed to the
sides of the first and second memory blocks MB1 and MB2. The opening
portions OP may have the above-mentioned closed structure.

[0095] The stepped grooves R1 to R4 may pass through the first and
second memory blocks MB1 and MB2 in the second direction SD. The first
to the fourth stepped grooves R1 to R4 may divide at least one conductive
layer 41 included in the first and second memory blocks MB1 and MB2.
When the first to the fourth stepped grooves R1 to R4 are disposed at the
end portions of the first and second memory blocks MB1 and MB2 as
described with reference to FIG. 5, even if the conductive layers 41 of the
first and second memory blocks MB1 and MB2 are divided by the fourth
stepped grooves R1 to R4, there is no need to connect between the
divided conductive layers 41. Therefore, no additional wiring line for
connecting between the divided conductive layers 41 is required.

[0096] Referring to 10, the opening portions OP and the stepped grooves

R1 to R4 are disposed at the end portions of the first and second memory
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blocks MB1 and MB2 in the first connection region CNR1.

[0097] The stepped grooves R1 to R4 may be arranged along the first
direction FD. The opening portions OP are disposed on both sides of the
stepped grooves R1 to R4 in the second direction SD and may be
connected to the stepped grooves R1 to R4. The opening portions OP may
be exposed at the sides of the first and second memory blocks MB1 and
MB2, and connected to a slit SI which separates the first and second
memory blocks MB1 and MB2. The opening portions OP may have the
above-mentioned open structure. Each of the opening portions OP of FIG.
10 has an elongated shape extending in the first direction FD adjacent
one side of the stepped grooves R1 to R4. More specifically, in accordance
with the embodiment of FIG. 10, each pair of memory blocks MB1 and
MB2, the memory blocks MB1 and MB2 are divided by the slit SI, each
memory block MB1 and MB2 has four stepped grooves R1 to R4 arranged
along the first direction in the connection region CNR1, and an elongated
open structure opening portion OP extends in the first direction FD over
the slit SI. The opening portion OP is substantially co-extensive with the
stepped grooves R1 to R4 along the first direction FD.

[0098] Referring to 11, the opening portions OP and the stepped grooves
R1 to R4 may be disposed in the first and second memory blocks MB1 and
MB2 of the second connection region CNR2 between the cell regions CR.
The opening portions OP and the stepped grooves R1 to R4 may be
alternately arranged along the first direction FD.

[0099] The opening portions OP may be disposed inside the first and
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second memory blocks MB1 and MB2 and may not be exposed to the
sides of the first and second memory blocks MB1 and MB2. The opening
portions OP may have the above-mentioned closed structure. Similar to
the opening portions OP, the stepped grooves R1 to R4 may also be
disposed inside the first and second memory blocks MB1 and MB2 and
may not be exposed to the sides of the first and second memory blocks
MB1 and MB2. In accordance with the illustrated embodiment of FIG. 11,
in the second connection region CNR2, a closed structure opening portion
is provided between every two consecutive stepped grooves in each of the
memory blocks MB1 and MB2 with a total of three opening portions OP in
each of the memory blocks MB1 and MB2. Each opening portion OP may
be co-extensive in the second direction SD with the stepped grooves R1
to R4. Also, the length of each opening portion OP in the first direction
may be the same, while the length of each stepped groove may be
different. For example, as shown in FIG. 11, the second groove R2 may
be longer than the first groove R1, the third groove R3 may be longer
than the second groove R2, and the fourth groove R4 may be longer than
the third groove R3 in the first direction FD. It is also noted that in
accordance with the embodiment of FIG. 11, the opening portions OP and
the stepped grooves R1 to R4 do not divide the conductive layers 41 and
the interlayer insulating layers 42 of the first and second memory blocks
MB1 and MB2.

[00100] When the stepped grooves R1 to R4 are disposed in the first

and second memory blocks MB1 and MB2 of the second connection region
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CNR2 between the cell regions CR, if the conductive layers 41 of the first
and second memory blocks MB1 and MB2 are divided by the stepped
grooves R1 to R4, the additional wiring line for connecting between the
divided conductive layers 41 will be required. In the present embodiment,
the conductive layers 41 of the first and second memory blocks MB1 and
MB2 are not divided by the stepped grooves R1 to R4, therefore no
additional wiring line for connecting between the divided conductive layers
41 is required.

[00101] Referring to FIG. 12, the opening portions OP and stepped
grooves R1 to R4 may be disposed in the first and second memory blocks
MB1 and MB2 of the second connection region CNR2 between the cell
regions CR. The openings OP and the stepped grooves R1 to R4 may be
alternately arranged along the first direction FD.

[00102] The stepped grooves R1 to R4 may be disposed inside the
first and second memory blocks MB1 and MB2 and may not be exposed to
the sides of the first and second memory blocks MB1 and MB2. In this
case, the stepped grooves R1 to R4 may not divide the conductive layers
41 and the interlayer insulating layers 42 of the first and second memory
blocks MB1 and MB2. The opening portions OP may be exposed at the
sides of the first and second memory blocks MB1 and MB2 and may be
connected to a slit SI separating the first and second memory blocks MB1
and MB2. The openings OP may have the above-mentioned open
structure. Each opening portion OP may have an elongated shape

extending in the second direction SD.
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[00103] Referring to FIG. 13, the opening portion OP and the stepped
grooves R1 to R4 may be disposed in the first and second memory blocks
MB1 and MB2 of the second connection region CNR2 between the cell
regions CR.

[00104] The stepped grooves R1 to R4 may be disposed inside the
first and second memory blocks MB1 and MB2 and may not be exposed to
the sides of the first and second memory blocks MB1 and MB2. In this
case, the stepped grooves R1 to R4 do not divide the conductive layers 41
and the interlayer insulating layers 42 of the first and second memory
blocks MB1 and MB2.

[00105] The openings OP may be disposed on both sides of the
stepped grooves R1-R4 in the second direction SD and may be exposed to
the sides of the first and second memory blocks MB1 and MB2. The
openings OP may have the above-mentioned open structure. Each
opening portion may have an elongated shape extending in the first
direction FD similar to the shape of the opening portion OP of FIG. 10.
[00106] Referring to FIG. 14, in a first connection region CNR1 where
the ends of the first and second memory blocks MB1 and MB2 are located,
a plurality of active areas ACT may be disposed on a base layer (not
shown) under each memory block MB1 and MB2. Gate lines G extending
in the first direction FD across active areas ACT may be disposed over the
base layer.

[00107] The active regions ACT may be arranged along the first

direction FD under each of the first and second memory blocks MB1 and
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MB2, respectively. The gate lines G may have a line shape extending in
the first direction FD across the active regions ACT. Impurity ions may be
implanted into the active region ACT on both sides of the gate line G to
form a source and a drain. The gate line G, the source and the drain
may constitute a pass transistor (PTR) of the row decoder 120 in Fig. 1.
As described above, the pass transistor PTR may function to transfer the
operating voltage to the conductive layers of the first and second memory
blocks MB1 and MB2.

[00108] The opening portion OP may be provided in the first and
second memory blocks MB1 and MB2 of the first connection region CNR1.
The lower wiring line UM connected to the pass transistors PTR may be
disposed below the first and second memory blocks MB1 and MB2. The
upper wiring line TM may be disposed above the first and second memory
blocks MB1 and MB2. The lower wiring line UM may extend in the first
direction FD. The upper wiring line TM may extend in the second
direction SD. The lower wiring line UM and the upper wiring line TM may
intersect from each other in the region where the opening portion OP is
located.

[00109] The contact plug CP may be provided at an intersection
between the lower wiring line UM and the upper wiring line TM. The
contact plug CP may connect the upper wiring line TM and the lower
wiring line UM through the opening portion OP. The opening portions OP
can function as a passage for the contact plugs CP.

[00110] Two gate lines G may be positioned within the opening
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portion OP as viewed from the top. The opening portion OP may be
aligned with respect to the gate lines G of the pass transistors PTR. The
gate lines G may function as an align key in the process of forming the
openings OP.

[00111] Referring to FIG. 15, the pass transistors PTR may be
disposed in the second connection region CNR2 between the cell regions
CR. The opening OP may be provided in the first and second memory
blocks MB1 and MB2 in the second connection region CNR2. The opening
OP may be aligned with respect to the gate lines G of the pass transistors
PTR.

[00112] Referring to FIG. 16, the opening portion OP may be aligned
with respect to a portion of the isolation layer between the active regions
ACT under the first memory block MB1 and the active regions ACT under
the second memory block MB2. The portion of the isolation layer between
the active regions ACT under the first memory block MB1 and the active
regions ACT under the second memory block MB2 may function as an
align key in the process of forming the openings OP. In this case, the
opening portion OP may be connected to the slit SI that divides the first
memory block MB1 and the second memory block MB2. The opening OP
may have the above-mentioned open structure.

[00113] Referring to FIG. 17, the memory block MB may be disposed
in cell regions CR and second connection regions CNR2 alternately
arranged along the first direction FD.

[00114] Page buffer units PBU may be disposed in the cell regions CR
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under the memory block MB, respectively. The page buffer units PBU
may be configured by dividing the page buffers into a predetermined unit
(for example, 4 KB). The page buffers PB may constitute the page buffer
circuit 220 described with reference to FIG. 1. The opening portions OP
may be provided in the first and second memory blocks MB1 and MB2 in
the second connection regions CNR2.

[00115] The lower wiring line UM connected to the page buffer units
PBU may be disposed under the memory block MB. The upper wiring line
TM may be disposed above the memory block MB. The lower wiring line
UM and the upper wiring line TM may extend in the first direction FD and
overlap each other in the third direction TD so that contact plugs CP
passing through the opening portions OP in the third direction may
connect the upper wiring line TM with the lower wiring line UM.

[00116] The lower wiring lines UM may be configured to have a
physical property which may not show a process failure (for example,
hillock) at a maximum temperature (hereinafter referred to as process
threshold temperature) in the process of forming the memory block MB.
For example, , the lower wiring lines UM may be formed of conductive
materials with suitable heat resistance characteristics at the process
threshold temperature. For example, the bottom wiring lines UM may
comprise a material having a melting point that is higher than the process
threshold temperature, such as tungsten.

[00117] The conductive material constituting the upper wiring lines

TM may have a lower resistivity than the conductive material constituting
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the lower wiring lines UM. For example, the material constituting the
upper wiring lines TM may comprise a material having a low resistivity
than tungsten. For example, the material constituting the upper wiring
lines TM may comprise copper or aluminum. Since the upper wiring lines
TM are formed after forming the memory block MB, a material having a
low melting point and a low resistivity can be used as the conductive
material constituting the upper wiring lines TM.

[00118] The resistivity of the lower wiring lines UM may have a
relatively larger value than that of the upper wiring lines TM due to the
manufacturing process limitations as described above. This may cause
the electrical characteristics of the semiconductor memory device to
deteriorate.

[00119] In accordance with an embodiment of the present disclosure,
the page buffer units PBU may be configured by dividing the page buffers
PB included in the page buffer circuit 220 into a predetermined unit (for
example, 4 KB). The page buffer units PBU may be arranged in a plurality
of cell regions CR, the opening portions OP may be arranged in a plurality
of second connection regions CNR2 between the cell regions CR. And,
contact plugs CP passing through the opening portions OP may connect
between the upper wiring line TM and the lower wiring line UM. According
to the above-described configuration, the length of the lower wiring UM
can be reduced to less than the length of the cell region CR in the first
direction FD or the page buffer unit PBU in the first direction FD.

[00120] In other words, the lower wiring line UM may have a length
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smaller than the length of the cell region CR in the first direction FD or
the page buffer unit PBU in the first direction FD. For example, the
length of the lower wiring lines UM may be half the length of the cell
region CR in the first direction FD or the page buffer units PBU in the first
direction FD. As a result, the resistance of the lower wiring lines (UM)
may be reduced, so that the electrical characteristics of the
semiconductor memory device may be improved.

[00121] In the embodiment described with reference to FIG. 17, the
page buffer circuit 220 is distributed and arranged in a plurality of cell
regions CR, but the present disclosure is not limited thereto. Elements
constituting logic circuits except for the page buffer circuit 220, for
example, the row decoder 210, may be distributed and arranged in the
cell regions CR.

[00122] FIG. 18 is a cross-sectional view showing a semiconductor
memory device in accordance with an embodiment of the present
disclosure.

[00123] Referring to FIG. 18, the memory structure 40 may be
disposed on a substrate 30. Four stepped grooves R1 to R4 and an
opening portion OP may be provided in the conductive layers 41 and the
interlayer insulating layers 42 of the memory structure 40. An upper
insulating layer 43 may be disposed on the substrate 30 to cover the
memory structure 40 and fill the first to the fourth stepped grooves R1 to
R4 and the opening portion OP. The memory structure 40, the first to the

fourth stepped grooves R1 to R4, the opening portion OP and the upper
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insulating layer 43 may have the same configuration described earlier
with reference to FIG. 7.

[00124] The upper wiring line TM may be disposed on the upper
insulating layer 43. The upper wiring line TM may be connected to the
substrate 30 through the contact plug CP passing through the upper
insulating layer 43 filled in the opening port OP. The contact plug CP may
function to transfer a source voltage to be loaded to the upper wiring line
TM to the substrate 30.

[00125] FIG. 19 is a cross-sectional view of a semiconductor memory
device in accordance with an embodiment of the present disclosure.
[00126] Referring to FIG. 19, the memory structure 40 is disposed on
a substrate 30. First to fourth stepped grooves R1 to R4 and opening
portion OP may be disposed in the conductive layers 41 and the interlayer
insulating layers 42 of the memory structure 40. An upper insulating
layer 43 may be disposed on the substrate 30 to cover the memory
structure 40 and fill the first to the fourth stepped grooves R1 to R4.
[00127] The upper insulating layer 43 may expose the opening
portion OP. The opening portion OP may be filled with the contact plug
CP. A sidewall insulating layer SP surrounding the outer wall of the
contact plug CP may be disposed on the side wall of the contact plug CP
to electrically isolate the conductive plugs 41 of the memory structure 40
from the contact plug CP. The sidewall insulating layer SP may have a
uniform thickness along the surface curvature of the steps on the sidewall

of the opening portion OP. The upper wiring line TM connected to the
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contact plug CP may also be disposed on the upper insulating layer 43.
[00128] FIGS. 20A to 20G are cross-sectional views for explaining a
method of forming a semiconductor memory device in accordance with an
embodiment of the present disclosure.

[00129] Hereinafter, for convenience of description, a region where
the stepped grooves R1-R4 are formed may be defined as first to fourth
stepped regions SR1 to SR4. A region where the opening portion OP is
formed may be defined as the contact open region COR. In the
accompanying drawings, the case where the contact open region COR is
disposed on one side of the first to fourth stepped regions SR1 to SR4 in
the first direction FD, but the present disclosure is not limited thereto.
The contact open region COR may be disposed on one side of the first to
fourth stepped regions SR1 to SR4 in the second direction SD. A plurality
of contact open regions COR may be disposed in a plurality of regions
between the first to the fourth stepped regions SR1 to SR4, respectively.
[00130] Referring to FIG. 20A, pre-stack ML may be formed by
alternately stacking the first material layers 51 and the second material
layers 52 on a substrate 30.

[00131] The first material layers 51 and the second material layers
52 may be formed of different materials from each other. For example,
the second material layers 52 may be formed of a dielectric material that
is suitable for interlayer dielectric layers. The first material layers 51 may
be used as sacrificial layers and be formed of a dielectric material which

has an etching selectivity with respect to the second material layers 52.
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For example, the first material layers 51 may be formed as silicon nitride.
The second material layers 52 may be formed as silicon oxide.

[00132] A first mask pattern PR1 with a plurality of openings may be
formed on the pre-stack ML. The first mask pattern PR1 may include four
openings for respectively exposing the first to the fourth step regions SR1
to SR4. The first mask pattern PR1 may cover the contact open region
COR.

[00133] The first mask pattern PR1 may be formed by forming a
photoresist on the pre-stack ML, and patterning the photoresist by
photolithography so as to expose portions of the first to fourth step
regions SR1 to SR4, respectively.

[00134] Thereafter, the pre-stack ML may be etched by a pad etching
process using the first mask pattern PR1 as an etch mask. The etching
thickness of the pad etching process may correspond to the vertical pitch
of the first material layers 51.

[00135] Then, a trimming process may be performed for the first
mask pattern PR1. Namely, the isotropic etching process may be
performed for the first mask pattern PR1. The trimming process may be
performed using an etchant capable of removing the first mask pattern
PR1. Accordingly, the height and width of the first mask pattern PR1 can
be reduced, and the width of the openings can be widened by reducing
the width of the first mask pattern PR1.

[00136] The pad etching process and the trimming process can

constitute one cycle for forming one step ST in the first to fourth step
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regions SR 1 to SR 4.

[00137] Referring to FIG. 20B, the first stepped grooves R1 and
preliminary second to fourth stepped grooves R2’ to R4’ may be formed in
the first to fourth step regions SR1 to SR4, by repeating the cycle N times
(N is a natural number of 2 or more).

[00138] Each of the first stepped groove R1 and preliminary second
to fourth stepped grooves R2’ to R4’ may have a stepped structure P
having a plurality of steps ST on both sides facing in the first direction FD.
The stepped structures P of the first stepped groove R1 and the
preliminary second to fourth stepped grooves R2’ to R4’ may include the
same number of steps ST from each other. The height of each of the steps
ST may have a size corresponding to the vertical pitch of the first material
layers 51.

[00139] The first mask pattern PR1 may be removed after formation
of the first stepped groove R1 and the preliminary second to fourth
stepped grooves R2’ to R4’

[00140] Referring to FIG. 20C, through a first recess etching process,
the second stepped groove R2 having a depth greater than that of the
preliminary second stepped groove R2’ by the first depth d1 may be
formed in the second stepped region SR2, a depth of the preliminary
fourth stepped groove R4' in the second stepped region SR2 may be
increased by the first depth d1, and a first trench T1 having the first
depth d1 may be formed in the contact open region COR.

[00141] Here, the first depth d1 may be K times the vertical pitch of
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the first material layers 51. The K is a natural number which is greater
than 2 and less than N + 1. The N is the number of the cycle repetitions.
The first recess etching process may be performed in the following
manner.

[00142] First, a second mask pattern PR2 including a plurality of
openings exposing the preliminary second and fourth stepped grooves R2’
and R4’ and a portion of the contact open region COR may be formed on
the pre-stack ML.

[00143] The preliminary second and fourth stepped grooves R2’ and
R4’ may be used as an alignment key in forming the openings of the
second mask pattern PR2. For this purpose, the openings of the second
mask pattern PR2, which exposes the preliminary second and fourth
stepped grooves R2’ and R4’ may have an area larger than the entrance
of preliminary second and fourth stepped grooves R2’ and R4
respectively. Subsequently, the pre-stack ML may be etched by the first
depth d1 using the second mask pattern PR2 as an etching barrier.

[00144] The second mask pattern PR2 may be formed using a
photolithographic process and may be removed after the first recess
etching process.

[00145] Referring to FIG. 20D, through a second recess etching
process, depths of the preliminary stepped grooves, i.e., the preliminary
third and fourth stepped grooves R3’ and R4' may be increased by the
second depth d2, and a second trench T2 having a depth greater than

that of the first trench T1 by the second depth d2 may be formed in the
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contact open region COR.

[00146] The second depth d2 may be K times the vertical pitch of the
first material layers 51. The K is a natural number which is greater 2 and
less than N + 1. The N is the number of the cycle repetitions. In this
embodiment, the case where the second depth d2 is equal to the first
depth d1 is shown, however, the invention may not be limited in this way
and d2 may be different than D1 by design.

[00147] The second recess etching process may be performed in the
following manner. First, a third mask pattern PR3 including a plurality of
openings is formed on the pre-stack ML. For example, there is formed the
third mask pattern PR3 having openings exposing the preliminary third
and fourth stepped grooves R3’ and R4’ and the first trench T1 on the
pre-stack ML.

[00148] The preliminary third and fourth stepped grooves R3’ and R4/,
and the first trench T1 may be used as an alignment key in forming the
openings of the third mask pattern PR3. For this purpose, the openings
of the third mask pattern PR3, which exposes the preliminary third and
fourth stepped groove R3’ and R4’, and the first trench T1 may have an
area larger than the entrance of the preliminary third and fourth stepped
groove R3’ and R4’, and the first trench T1, respectively.

[00149] Next, the pre-stack ML is etched by the second depth d2
using the third mask pattern PR3 as an etching barrier. Thus, a step
having a height corresponding to the second depth d2 is formed on the

sidewalls of the preliminary third stepped groove R3', the preliminary
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fourth stepped groove R4', and the second trench T2.

[00150] Due to the difference between the opening area of the third
mask pattern PR3 exposing the preliminary third stepped groove R3’ and
the entrance area of the preliminary third stepped groove R3’, the width
of the preliminary third stepped groove R3’ in the first direction FD may
be increased as the distance from the substrate 30 is increased. Due to
the difference between the opening area of the third mask pattern PR3
exposing the preliminary fourth stepped groove R4’ and the entrance area
of the preliminary fourth stepped groove R4’, the width of the preliminary
fourth stepped groove R4' in the first direction FD may be increased as
the distance from the substrate 30 may be increased. And, due to the
difference between the opening area of the third mask pattern PR3
exposing the first trench T1 and the entrance area of the first trench T1,
the widths of the second trench T2 in the first and the SD may be
increased.

[00151] Referring to FIG. 20E, through a third recess etching process,
depths of the preliminary third and fourth stepped grooves R3’, R4’ and
the second trench T2 may be increased by the third depth d3, so that a
third stepped groove R3 having a depth greater than that of the
preliminary third stepped grooves R3’ may be formed in the third stepped
region SR3, a fourth stepped groove R4 having a depth greater than that
of the preliminary fourth stepped groove R4’ may be formed in the fourth
stepped region SR4, and a third trench T3 having a depth greater than

that of the second trench T2 may be formed in the contact open region
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COR.

[00152] The third depth d3 may be K times the vertical pitch of the
first material layers 51. The K is a natural number which is greater than 2
and less than N + 1 or less. The N is the number of the cycle repetitions.
In this embodiment, the case where the third depth d3 is equal to the first
depth d1 is shown, however, the invention may not be limited in this way
and the third depth d3 may be formed different than the first depth di by
design.

[00153] The third recess etching process may be performed in the
following manner. First, a trimming process for widening the opening
width of the third mask pattern PR3 is performed. By the trimming
process, the opening of the third mask pattern PR3 exposing the
preliminary third stepped groove R3' will have an area larger than the
entrance of the preliminary third stepped groove R3', the opening of the
third mask pattern PR3 exposing the preliminary stepped groove R4’ will
have an area larger than the entrance of the preliminary fourth stepped
groove R4’, and the opening of the third mask pattern PR3 exposing the
second trench T2 will have an area larger than the entrance of the second
trench T2.

[00154] Next, the pre-stack ML may be etched by the third depth d3
using the trimmed third mask pattern PR3 as an etching barrier, so the
third and fourth stepped grooves R3 and R4 and third trench T3 may be
formed. Thus, the step having a height corresponding to the third depth

d3 is formed on the sidewalls of the third and fourth stepped grooves R3
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and R4 and third trench T3, respectively.

[00155] Due to the difference between the opening area of the
trimmed third mask pattern PR3 exposing the preliminary third stepped
groove R3’ and the entrance area of the preliminary third stepped groove
R3’, the width of the third stepped groove R3 in the first direction FD may
be increased as the distance from the substrate 30 is increased. Due to
the difference between the opening area of the trimmed third mask
pattern PR3 exposing the preliminary fourth stepped groove R4’ and the
entrance area of the preliminary fourth stepped groove R4’, the width of
the fourth stepped groove R4 in the first direction FD may be increased as
the distance from the substrate 30 may be increased. And, due to the
difference between the opening area of the trimmed third mask pattern
PR3 exposing the second trench T2 and the entrance area of the second
trench T2, the widths of the third trench T3 in the first and the second
directions FD and SD may be increased.

[00156] The third mask pattern PR3 may be formed using a
photolithographic process and may be removed after the second recess
etching process.

[00157] Referring to 20F, through a fourth recess etching process,
the opening portion OP exposing the substrate 30 may be formed in the
contact open region COR.

[00158] The fourth recess etching process can be performed in the
following manner. First, a fourth mask pattern PR4 having an opening

exposing the third trench T3 is formed on the pre-stack ML. The opening
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of fourth mask pattern PR4 exposing the third trench T3 may have an
area larger than the entrance of the third trench T3.

[00159] Next, the pre-stack ML may be etched using the fourth mask
pattern PR4 as an etching barrier to form the opening portion OP
exposing the substrate 30.

[00160] Channel structures (not shown) vertically penetrating the
pre-stack ML may be formed, the first material films 51 used as the
sacrificial layer may be removed, and then the conductive layers 41 are
formed by filling conductive material into the space where the first
material films 51 are removed.

[00161] As described above, in accordance with the present
embodiment, the opening portion OP is simultaneously formed through
the process of etching the second to fourth stepped grooves R2 to R4 so
that a mask forming process and an etching process are not separately
required to form the opening portion OP. Since there is no need to add a
separate mask forming process and etching process, the number of
process steps is reduced so that the manufacturing time and
manufacturing cost of the semiconductor memory device can be
decreased.

[00162] Since the opening portions OP are formed by etching the
pre-stack ML several times, the depth required to be etched in the single
etching process is reduced so that pattern collapse occurring in the
etching process can be suppressed and the yield of the semiconductor

memory device can be improved.
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[00163] The embodiments described with reference to FIGS. 4 to
20G illustrate the case where the number of the stepped grooves (R1 to
R4) is four, but the present invention is not limited thereto. It shouid be
understood that the number of the stepped grooves may be changed by
design.

[00164] The present disclosure may include all cases with two or
more stepped grooves. In the embodiments described with reference to
FIGS. 4 to 20G, the stepped grooves R1 having the lowest depth are
disposed at the leftmost side in the first direction FD, and the stepped
grooves R1 to R4 are sequentially deepened from left to right, and the
stepped grooves R4 having the deepest depth are disposed on the
rightmost side in the first direction FD. However, the present disclosure is
not limited thereto. For example, in a variation of the described
embodiments, the stepped grooves having the deepest depth may be
disposed at the leftmost side in the first direction FD and the depths of
the stepped grooves may be gradually reduced from left to right so that
the stepped groove having the lowest depth may be disposed on the
rightmost side in the first direction (FD). In yet another variation of the
described embodiments, the stepped grooves may be randomly arranged
regardless of their depth.

[00165] FIG. 21 is a simplified block diagram schematically
illustrating a memory system in accordance with yet another embodiment
of the present disclosure.

[00166] Referring to FIG. 21, a memory system 600 in accordance
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with may include semiconductor memory device 610 and memory
controller 620.

[00167] The semiconductor memory device 610 may be comprised of
the semiconductor memory device in accordance with the embodiments of
the disclosure as described above and may be operated in the manner
described above, referred to FIGS. 1 to 20. The memory controller 620
may control the semiconductor memory device 610. For example, the
combination of the semiconductor memory device 610 and the memory
controller 620 may be configured as a memory card or a solid state disk
(SSD).

[00168] The memory controller 620 may include a working memory
621, a processor 622, an external device interface 623, an error
correction circuit ECC block 624, and a memory interface 625.

[00169] The working memory 621 may be used as the operation
memory of the processor 622. The external device interface 623 may
include a data exchange protocol of an external device coupled with the
memory system 600.

[00170] The ECC block 624 may detect and correct an error included
in the data read out from the semiconductor memory device 610.

[00171] The memory interface 625 may interface with the
semiconductor memory device 610. The processor 622 may perform
general control operations for data exchange of the memory controller
620.

[00172] Although not shown, it should become apparent to a person
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skilled in the art that the memory system 600 may further be provided
with a ROM which stores code data for interfacing with the external device.
The semiconductor memory device 610 may be provided as a multi-chip
package constructed by a plurality of flash memory chips.

[00173] The memory system 600 may be used as a storage medium
of high reliability having a low probability of an error occurring. The
semiconductor memory device 610 may be provided for a memory system
such as a solid state disk (SSD). The memory controller 620 may
communicate with an external device (for example, the host) through one
of various interface protocols such as a USB (universal serial bus) protocol,
an MMC (multimedia card) protocol, a PCI-E (peripheral component
interconnection express) protocol, an SATA (serial advanced technology
attachment) protocol, a PATA (parallel advanced technology attachment)
protocol, an SCSI (small computer system interface) protocol, an ESDI
(enhanced small disk interface) protocol and an IDE (integrated device
electronics) protocol and the like.

[00174] FIG. 22 is a simplified block diagram schematically
illustrating a computing system in accordance with yet another
embodiment of the present disclosure.

[00175] Referring to FIG. 22, a computing system 700 may include a
memory system 710, a processor 720, a RAM 730, a user interface 740,
and a modem 750 such as a baseband chipset all of which may be
electrically coupled to a system bus 760. The computing system 700

may be a mobile device, in which case a battery (not shown) for

50



10

15

20

25

supplying the operating voltage of the computing system 700 may be
additionally provided. Although not shown in the drawing, it should
become apparent to a person skilled in the art that the computing system
700 may further comprise an application chipset, a CMOS image sensor
(CIS), a mobile DRAM, and so on.

[00176] The memory system 710 may be comprised of the memory
system 600 with a memory device 610 and a memory controller 620 in
accordance with embodiment of FIG. 21 and may be operated in the
manner described above with reference to FIG. 21.

[00177] The memory system 710 may be configured in a number of
different ways such as, for example, as an SSD (solid state drive/disk)
which uses a nonvolatile memory to store data, or, as another example,
as a fusion flash memory (for example, a NAND or a NOR flash memory).

[00178] It is not intended that the above-described embodiments are
realized only by a device and a method, but they may be realized also by
a program which performs a function corresponding to the configuration
of each embodiment or a recording medium on which the program is
recorded. Such realization may be easily derived from the descriptions of
the above-described embodiments by a person skilled in the art to which
the embodiments pertain.

[00179] Although various embodiments have been described for
illustrative purposes, it will be apparent to those skilled in the art that
various changes and modifications may be made without departing from

the spirit and scope of the invention as defined in the following claims.

51



10

15

20

WHAT IS CLAIMED IS:

1. A semiconductor memory device comprising:

a stacked structure including a plurality of conductive layers and a
plurality of interlayer insulating layers, which are alternately stacked on a
substrate;

stepped grooves provided in the stacked structure, the stepped
grooves having different depths from each other; and

an opening portion penetrating through the stacked structure to
expose the substrate, the opening portion having at least one step on a
sidewall thereof having a height corresponding to a depth difference

between two of the stepped grooves.

2. The semiconductor memory device of claim 1, wherein the
opening portion penetrates the stacked structure in a third direction and
wherein the opening portion has a larger width in a first direction and in a
second direction as the distance from the substrate increases in the third

direction.

3. The semiconductor memory device of claim 1, wherein each of
the stepped grooves includes a step structure with a plurality of steps,
each of the steps having the same height as the vertical pitch of the
conductive layers, and

a depth difference between the stepped grooves has a size of K
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times of the vertical pitch of the conductive layers,

wherein K is a natural number which is greater than 2 and less
than N + 1,

wherein each of the stepped grooves has a step structure including
a plurality of steps, and N is the number of the steps included in the step

structure.

4. The semiconductor memory device of claim 1, further comprising
a slit separating the stacked structure into first and second memory

blocks, and wherein the opening portion is connected to the slit.

5. The semiconductor memory device of claim 4, wherein the
opening portion does not divide the interlayer insulating layers and the

conductive layers of the first and second memory blocks.

6. The semiconductor memory device of claim 1,

wherein the substrate comprises a cell region where a plurality of
channel layers penetrating the stacked structure is located and a first
connection region where one end of the stacked structure is located, and

wherein the stepped grooves and the openiﬁg portion are disposed

at the first connection region.

7. The semiconductor memory device of claim 1,

wherein the substrate comprises first and second cell regions
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spaced apart from each other in a first direction where a plurality of
channel layers penetrating the stacked structure is located, and a second
connection region which is disposed between the first and the second cell
regions, and

wherein the stepped grooves and the opening portion are disposed

at the first connection region.

8. The semiconductor memory device of claim 7, further comprising
a slit extending along the first direction and separating the stacked
structure into first and second memory blocks, and

wherein the stepped grooves and the opening portion do not divide
the interlayer insulating layers and the conductive layers of the first and

second memory blocks.

9. The semiconductor memory device of claim 1, further comprising
an insulating layer filling in the opening portion; and

a contact plug penetrating the insulating layer and connected to
either the substrate or a lower wiring line provided over a base layer

under-laying the substrate.

10. A semiconductor memory device comprising:
a memory structure including a plurality of channel layers
protruding in a vertical direction on a substrate, a plurality of interlayer

insulating layers and a plurality of conductive layers which are alternately
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stacked along the channel layers on the substrate;

a logic structure disposed on a base layer under the substrate, the
logic structure including a logic circuit and lower wiring lines electrically
connected to the logic circuit;

stepped grooves provided in a stacked structure including the
interlayer insulating layers and the conductive layers, the stepped grooves
having different depths from each other;

an opening portion penetrating the stacked structure to contact the
substrate and including steps on sidewalls, the steps having heights
corresponding to depth differences between the stepped grooves; and

a contact plug penetrating an insulating layer filling in the opening

portion, the contact plug contacting one of the lower wiring lines.

11. The semiconductor memory device of claim 10, wherein the
substrate includes a plurality of cell regions and connection regions
alternately disposed along a first direction on the substrate, and

wherein the channel layers are disposed in the cell region and the

opening portion is disposed in one of the connection regions.

12. The semiconductor memory device of claim 11, wherein
elements included in the logic circuit are distributively disposed at the
plurality of cell regions,

wherein the lower wiring lines are connected to the elements

included in the logic circuit, and
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wherein the length of each of the lower wiring lines in the first
direction is shorter than the length of each of the cell regions in the first

direction.

13. A method of manufacturing a semiconductor device, the
method comprising:

forming a pre-stack by alternately stacking first material layers and
second material layers on a substrate;

forming a plurality of stepped grooves each having a step structure
in the pre-stack;

recessing the stepped grooves to have different depths from each
other;

forming an opening portion in the pre-stack, the opening portion
having steps with heights corresponding to depth differences between the

stepped grooves on sidewalls.

14. The method of claim 13, wherein the recessing the stepped
grooves and the forming the opening portion are simultaneously

performed.

15. The method of claim 13, wherein the forming of the stepped
grooves includes:
forming a first mask pattern including a plurality of first openings

on the pre-stack;
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etching the pre-stack by using the first mask pattern; and

performing a trimming process widening the widths of the first
openings,

wherein the etching of the pre-stack and the performing of the

trimming process are alternately repeated.

16. The method of claim 15, wherein in the etching of the pre-stack,

the etching depth corresponds to a vertical pitch of the first material layer.

17. The method of claim 13, wherein the forming of the opening
portion includes;

forming a second mask pattern including second openings exposing
at positions corresponding to at least one of the stepped grooves and the
opening portion;

increasing depths of the stepped grooves exposed by the second
mask pattern by a first depth and forming a trench of the first depth at a
position corresponding to the opening portion, by first etching the pre-
stack using the second mask pattern as an etch mask;

forming a third mask pattern including third openings exposing at
least one of the stepped grooves and the trench; and

increasing depths of the trench and stepped grooves exposed by
the third mask pattern by a second depth, by second etching the pre-

stack using the third mask pattern as an etch mask.
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18. The method of claim 17, wherein an area of the second opening
of the second mask pattern exposing the stepped groove is larger than an

entrance area of the stepped groove.

19. The method of claim 17, wherein an area of the third opening
of the third mask pattern exposing the recessed stepped groove is larger
than an entrance area of the recessed stepped groove, and the area of
the third opening of the third mask pattern exposing the trench is larger

than an entrance of the trench.

20. The method of claim 17, wherein the etching depths of the first
etching and the second etching are K times the vertical pitch of the first
material layer,

wherein K is a natural number which is greater than 2 and less
than N + 1, and

wherein N is the number of steps of the step structure.

21. A semiconductor memory device comprising:

first and second memory blocks separated by a slit, each memory
block including a stacked structure including a plurality of conductive
layers and a plurality of interlayer insulating layers alternately stacked on
a substrate;

a plurality of stepped grooves formed in a first connection region of
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the stacked structure of each memory block, the stepped grooves having
different depths from each other ; and

a plurality of opening portions penetrating through the stacked
structure of each memory block to expose the substrate, the opening
portions having at least one step on a sidewall thereof having a height
corresponding to a depth difference between two of the stepped grooves
and disposed between consecutive stepped grooves,

at least one contact plug extending through each of the opening
portions to connect an upper wiring line formed above the stacked

structure with a lower wiring line formed below the stacked structure.
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