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Forming an initial stack of sacrificial word
line layers and insulating layers and
patterning a bridge region, a first
staircase region, and a second staircase
region in the initial stack

S1004

)

Shaping the sacrificial word line layers
and insulating layers in the first staircase
region to form a first step along a first
lateral direction

1006

)

Shaping sacrificial :r;ord line Tayers and
insulating layers in a second staircase
region of the connection region to form a
second stair along the first lateral
direction

S1008

)

Shaping the sacrificial word line layers
and the insulating layers in the first
staircase region to form one or more
stairs along a second lateral direction

S1010

)

Shaping the sacrificial word line layers
and the insulating layers in the second
staircase region to form one or more
stairs with a step-down direction along a
third lateral direction

51012

Forming the first staircase and the
second staircase in the first staircase
region and the second staircase region
respectively
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THREE-DIMENSIONAL NAND MEMORY
DEVICE AND METHOD OF FORMING THE
SAME

RELATED APPLICATION

[0001] This application is a bypass continuation of Inter-
national Application No. PCT/CN2019/127921, filed on
Dec. 24, 2019. The entire disclosure of the prior application
is hereby incorporated by reference in its entirety.

BACKGROUND

[0002] Flash memory devices have recently been through
a rapid development. The flash memory devices are able to
retain the stored data for a very long period of time without
applying a voltage. Further, the reading rate of the flash
memory devices is relatively high, and it is easy to erase
stored data and rewrite data into the flash memory devices.
Thus, the flash memory devices have been widely used in
micro-computers, automatic control systems, and the like.
To increase the bit density and reduce the bit cost of the flash
memory devices, three-dimensional (3D) NAND (Not
AND) flash memory devices have been developed.

[0003] A 3D NAND device can include one or more
memory planes, and each of memory planes can include a
plurality of memory blocks. Each of the memory blocks can
have an array region and one or more staircase regions. In
such 3D NAND devices, each of the memory planes can
have one or more decode structures that are positioned at
boundaries of the plane. The staircase regions can be
coupled to the decode structures through contact structures
formed on the staircase regions. The decode structures are
configured to define a block that is to be accessed and drive
a needed voltage on to word line layers of the block.

SUMMARY

[0004] Ina 3D NAND device, one or more decode struc-
tures can be positioned at boundaries of a memory plane
(also referred to as plane) in the 3D NAND device to drive
memory cells in the plane. Since the decode structures are
positioned at the boundaries of the plane, drive currents
applied to word line layers of the plane by the decode
structures need to flow across an entire plane length in order
to drive each memory cell in the plane. As the 3D NAND
migrates towards high density and high capacity, especially
from 64 layers (64 L) to 128 layers (128 L) architecture,
layer (or film) dimensions of the 3D NAND are accordingly
reduced. The reduced layer (or film) dimensions can result
in an increased sheet resistance, which in turn causes a
resistance-capacitance (RC) delay.

[0005] In present disclosure, the inventive concepts relate
to a novel structure of a 3D NAND device, and more
particularly, to a stair area that is arranged in a middle
position of a plane of the 3D NAND device. The stair area
can be further coupled to a decode structure. The decode
structure accordingly can drive the plane in a range of a half
plane. Therefore, the RC delay issue caused by the reduced
layer (or film) dimensions can be relieved.

[0006] Inthe present disclosure, a semiconductor device is
provided. The semiconductor device can include a stack
formed of word line layers and insulating layers that are
alternatingly stacked over a substrate. A first staircase of a
first block can be formed in the stack and extend between
first array regions of the first block. A second staircase of a
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second block can be formed in the stack and extend between
second array regions of the second block. The semiconduc-
tor device further can have a connection region that is
formed in the stack between the first staircase and second
staircase.

[0007] The first staircase can have stairs extending in a
declining step direction and stairs extending in an opposing
inclining step direction. The stairs of the first staircase can
further extend in a lateral step-down direction that is per-
pendicular to the inclining and declining step directions.
[0008] The second staircase can have stairs extending in
the declining step direction and stairs extending in the
opposing inclining step direction. The stairs of the second
staircase can further extend in a direction opposite to the
lateral step-down direction that is perpendicular to the
declining and inclining step directions.

[0009] The semiconductor device includes channel struc-
tures. The channel structures can be formed in the connec-
tion region, the first array regions, and the second array
regions, where the channel structures extend from the sub-
strate and extend through the word line layers and the
insulating layers of the stack. The semiconductor device can
have first contact structures formed on the first staircase and
connected to the word line layers in the first staircase, and
second contact structures formed on the second staircase and
connected to the word line layers in the second staircase.
[0010] In some embodiments, the first staircase and the
second staircase are coupled to a decode structure through
the first and second contact structures.

[0011] In the semiconductor device, a slit structure can be
positioned in the connection region between the first stair-
case and the second staircase. The slit structure divides the
connection region into a first portion and a second portion.
The first block includes the first portion of the connection
region, the first array regions, and the first staircase, where
the first portion of the connection region is arranged adjacent
the first staircase and connected to the first array regions.
The second block includes the second portion of the con-
nection region, the second array regions, and the second
staircase, where the second portion of the connection region
is arranged adjacent the second staircase and connected to
the second array regions.

[0012] According to another aspect of the disclosure, a
method for fabricating a semiconductor device is provided.
In the disclosed method, an initial stack of sacrificial word
line layers and insulating layers is formed over a substrate of
the semiconductor device. The sacrificial word line layers
and the insulating layers are disposed over the substrate
alternately. A connection region, a first staircase region, and
a second staircase region are then patterned in the initial
stack. The first staircase region in the initial stack is subse-
quently shaped to form a first staircase, and the second
staircase region in the initial stack is shaped to form a second
staircase. The first staircase is formed in a first block of the
initial stack and extends between first array regions of the
first block. The second staircase is formed in a second block
of'the initial stack and extends between second array regions
of the second block. The connection region is formed in the
initial stack between the first staircase and second staircase.
[0013] Insomeembodiments, in order to form the first and
second staircases, the sacrificial word line layers and insu-
lating layers in the first staircase region can be shaped to
form a first stair extending in a first lateral step-down
direction, where the first stair divides the sacrificial word
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line layers and the insulating layers in the first staircase
region into a first section and a second section. The sacri-
ficial word line layers and insulating layers in the second
staircase region can be shaped to form a second stair
extending in the first lateral step-down direction, where the
second stair divides the sacrificial word line layers and the
insulating layers in the second staircase region into a third
section and a fourth section. The first and second staircase
regions are separated by the connection region.

[0014] The sacrificial word line layers and the insulating
layers in the first staircase region are further shaped to form
one or more stairs extending in a second lateral step-down
direction, where the second lateral direction is perpendicular
to the first lateral step-down direction. The sacrificial word
line layers and the insulating layers in the second staircase
region are shaped to form one or more stairs extending in a
direction opposite to the second lateral step-down direction
that is perpendicular to the first lateral step-down direction.
A resist trim process and an etching process are then
performed sequentially on the sacrificial word line layers
and the insulating layers in the first and second staircase
regions to form the first staircase and the second staircase in
the first staircase region and the second staircase region
respectively.

[0015] In the disclosed method, channel structures can be
subsequently formed in the connection region, the first array
regions and the second array regions of the initial stack,
where the channel structures extend from the substrate and
extend through the sacrificial word line layers and the
insulating layers in the connection region, the first array
regions and the second array regions of the initial stack. The
sacrificial word line layers can then be replaced with word
line layers that are made of a conductive material. Further,
first contact structures on the first staircase, and second
contact structures on the second can be formed. The first
contact structures are connected to the word line layers in the
first staircase, and the second contact structures are con-
nected to the word line layers in the second staircase.
[0016] According to yet another aspect of the disclosure,
a semiconductor device is provided. The semiconductor
device includes a first portion of a plane of memory cells
formed in a stack of word line layers and insulating layers.
The word line layers and the insulating layers are stacked
alternatingly over a substrate. The semiconductor device
includes a second portion of the plane of memory cells
formed in the stack. In the semiconductor device, a stair area
is formed in the stack, where the stair area is positioned
between the first portion and the second portion of the plane
and coupled to a decode structure. The semiconductor
device further includes a plurality of connection regions
formed in the stack. The connection regions extend across
the stair area between the first portion of the plane and the
second portion of the plane so as to connect the first portion
of the plane and the second portion of the plane, where a
plurality of staircases are disposed in the stair area that are
arranged between the connection regions in an alternating
manner.

[0017] The semiconductor device can also include channel
structures that are disposed in the first and second portions
of the plane, and the connection regions. The channel
structures extend from the substrate and extend through the
word line layers and the insulating layers of the stack.
[0018] In some embodiments, each of the staircases fur-
ther includes stairs extending in a declining step direction
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and stairs extending in an opposing inclining step direction.
The stairs in each of the staircases further extend in a lateral
step-down direction or a direction opposite to the lateral
step-down direction, where the lateral step-down direction is
perpendicular to the inclining and declining step directions.
Moreover, each of the staircases can be positioned between
a first array region of the first portion of the plane and a
second array region of the second portion of the plane.
[0019] In some embodiments, each of the staircases is
coupled to a corresponding decode structure that can drive
the plane. For example, the stairs extending in the declining
step direction can be connected to the first array region and
provide a control to drive the first array region. The stairs
extending in the inclining step direction can be connected to
the second array region and provide a control to drive the
second array region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It is noted that, in accor-
dance with the standard practice in the industry, various
features are not drawn to scale. In fact, the dimensions of the
various features may be arbitrarily increased or reduced for
clarity of discussion.

[0021] FIG. 1 is a schematic view of a related 3D NAND
device, in accordance with exemplary embodiments of the
disclosure.

[0022] FIG. 2 is a schematic view a 3D NAND device, in
accordance with exemplary embodiments of the disclosure.
[0023] FIG. 3 is an expanded schematic view of a 3D
NAND device, in accordance with exemplary embodiments
of the disclosure.

[0024] FIG. 4Ais a top down expanded view of a stair area
in a 3D NAND device, in accordance with exemplary
embodiments of the disclosure.

[0025] FIG. 4B is a schematic diagram of flow paths of
driven currents in a stair area of a 3D NAND device, in
accordance with exemplary embodiments of the disclosure.
[0026] FIG. 5 is a three-dimensional expanded view of a
stair area in a 3D NAND device, in accordance with
exemplary embodiments of the disclosure.

[0027] FIGS. 6 through 9 are three-dimensional views of
various intermediate steps of manufacturing a 3D NAND
device, in accordance with exemplary embodiments of the
disclosure.

[0028] FIG. 10 is a flowchart of a process for manufac-
turing a 3D NAND device, in accordance with exemplary
embodiments of the disclosure.

DETAILED DESCRIPTION

[0029] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments in
which the first and second features are formed features may
be in direct contact, and may also include embodiments in
which additional features may be formed between the first
and second features, such that the first and second features
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may not be in direct contact. In addition, the present dis-
closure may repeat reference numerals and/or letters in the
various examples. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a rela-
tionship between the various embodiments and/or configu-
rations discussed.

[0030] Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. The spatially relative terms are
intended to encompass different orientations of the device in
use or operation in addition to the orientation depicted in the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

[0031] FIG. 1 is a schematic view of a related 3D NAND
device 100. As shown in FIG. 1, the device 100 includes a
memory portion 102 that are formed of three-dimensional
(3D) memory cells. The memory portion 102 can include
one or more memory planes (also referred to as planes) 104,
and each of memory planes 104 can include a plurality of
memory blocks (also referred to blocks) 106. In some
examples, concurrent operations can take place at the
memory planes 104. In some embodiments, each of the
memory blocks 106 is the smallest unit to carry out erase
operations.

[0032] In the FIG. 1 example, the memory portion 102
includes two memory planes 104 and each of the two
memory planes 104 includes eight memory blocks 106.
Each of the memory blocks 106 can include a plurality of
memory cells, and each memory cell can be addressed
through interconnections, such as bit lines and word lines. In
some examples, the bit lines and word lines can be laid out
perpendicularly, forming an array of metal lines. For
example, the word lines extend in the X direction, and the bit
lines extend in the Y direction.

[0033] Still referring to FIG. 1, each of memory planes
104 can include one or more decode structures that are
positioned at boundaries of the memory plane. For example,
a first decode structure 110 is positioned at an upper left
corner of the memory plane 104, and a second decode
structure 108 is positioned at a lower right corner of the
memory plane 104. The decode structures 108-110 can be
circuitries to select which block in the memory plane is to be
accessed and drive a needed voltage on to word line layers
of the memory plane. Since the decode structures are posi-
tioned at the boundaries of the plane, drive currents (e.g.,
112) applied to the word line layers of the plane by the
decode structures need to flow across the entire plane in
order to drive each memory cell in the plane. As the 3D
NAND migrates towards high density and high capacity,
especially from 64L to 128L architecture, layer (or film)
dimensions of the 3D NAND are accordingly reduced. The
reduced layer (or film) dimensions can result in a sheet
resistance reduction, which in turn causes a resistance-
capacitance (RC) delay.

[0034] FIG. 2 is atop down view of a disclosed 3D NAND
device 200, in accordance with some embodiments of the
present disclosure. As shown in FIG. 2, the device 200
includes a memory portion 202 that are formed of three-
dimensional (3D) memory cells. The memory portion 202
can include one or more memory planes 204 that are formed

.
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in a stack of word line layers and insulating layers, where the
word line layers and the insulating layers are stacked alter-
natingly over a substrate of the 3D NAND device. In an
exemplary embodiment of FIG. 2, two memory planes are
included in the memory portion 202.

[0035] Still referring to FIG. 2, each of the memory planes
204 can have a first portion 204A, a second portion 204B
and a stair area 206. The stair area 206 can be positioned
between the first portion 204A and the second portion 204B
of the plane 204 and coupled to a decode structure (not
shown). In an example, the decode structure can be posi-
tioned in the stair area 206. In another example, the decode
structure can be positioned in a dedicated location (e.g., a
periphery location) of the 3D NAND device 200. In some
embodiments, a dummy stair area 208 can be formed
surrounding the plane 204. The dummy stair area can be
formed in a steep manner so as to save a layout area of the
plane. In some embodiments, the dummy stair area can be
configured to separate the planes 204 in the 3D NAND
device 200 from one another.

[0036] In the stair area, a plurality of staircases are
formed. The staircases are formed in the stack of word line
layers and insulating layers, and coupled to the decode
structure through a plurality of contact structures that can be
shown in FIG. 4. Accordingly, the decode structures can
apply drive voltage on to the word lines of the plane through
the staircases in the stair area. Since the stair area is disposed
in a middle position of the plane, drive currents generated by
the decode structures only need to flow across a half plane
length in order to drive each memory cell in the plane. For
example, the plane 204 can be driven by a drive current 210
that flows across the first portion 204A and a drive current
212 that flows across the second portion 204B. In the 3D
NAND device 200, each of the planes is driven along a
direction from the middle position of the plane to two sides
of the plane, and an effective flow length of the driven
current is accordingly reduced by half. Thus a total resis-
tance can be reduced by the reduced flow length, which in
turns compensates an increased sheet resistance due to the
reduced layer (or film) dimensions.

[0037] FIG. 3 is an expanded schematic view of a plane in
the 3D NAND device 200. As shown in FIG. 3, a plurality
of connection regions 302 can be formed in the stack and
extend across the stair area 206 between the first portion
204A and the second portion 204B of the plane 204 so as to
connect the first and second portions 204A-204B. In addi-
tion, a plurality of staircases 304 can be disposed in the stair
area 206, and arranged between the connection regions 302
in an alternating manner. In order to form the connection
regions and the staircases, a block layer (e.g., a TiN layer)
can be deposited over the stair area 206. A patterning
process, such as a combination of a photolithography pro-
cess and an etching process, can be subsequently applied to
remove portions of the block layer to form a plurality of
uncovered regions in the stair area, and remaining portions
of the block layer become the connection regions 302. A
resist trim process and an etching process can be applied
sequentially in the uncovered regions of the stair area to
form the staircases 304. The intermediate steps to form the
staircases can be illustrated in FIGS. 6-9.

[0038] FIG.4A is a top down expanded view of a stair area
in a 3D NAND device, in accordance with exemplary
embodiments of the disclosure. The expanded view can be
taken from an area 300 of the stair area 206 that is illustrated
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in FIG. 3. The area 300 can include two first array regions
402a-4025, and a first staircase 404 that is positioned
between the two first array regions 402a-402b6. The first
array regions 402a-4025 and the first staircase 404 can be
included in a first block, block N, where the N can be a
positive integer. The area 300 can also include two second
array regions 406a-4065, and a second staircase 408 that is
positioned between the two second array regions 406a-4065.
The second array regions 406a-4065 and the second stair-
case 408 can be included in a second block, block N+1.

[0039] A connection region 302 is positioned between the
first staircase 404 and the second staircase 408. A slit
structure 422 is positioned in the connection region 302
between the first staircase 404 and the second staircase 408
and divides the connection region 302 into a first portion
302a and a second portion 3025. The first block (e.g., block
N) includes the first portion 302a of the connection region
302, the first array regions 402a-402b, and the first staircase
404, where the first portion 3024 of the connection region is
arranged adjacent the first staircase 404 and connected to the
first array regions 42a-40256. The second block (e.g., block
N+1) includes the second portion 3025 of the connection
region 302, the second array regions 4064-4065, and the
second staircase 408, where the second portion 3025 of the
connection region 302 is arranged adjacent the second
staircase 408 and connected to the first array regions 406a-
406b.

[0040] The first and second staircases 404 and 408 can
have a plurality of dummy channel structures 414. The
dummy channel structures can be disposed at suitable places
for process variation control during fabrication and/or for
additional mechanical support. The first and second stair-
cases 404 and 408 can also have a plurality contact struc-
tures 412 that are positioned on the stairs of the first and
second staircases and connected to the word line layers of
the first and second staircases. The contact structures 412
can extend from the stairs of the first and second staircases
and further be connected to metal layers (e.g., M0 layer, M1
layer) of the backend of line (BEOL ), where the metal layers
are stacked over the contact structures 414. In some embodi-
ments, the contact structures 412 can connect the first and
second staircases to the decode structure so that the decode
structure can apply the drive voltage onto the word line
layers in the first and second staircases.

[0041] In the connection region 302, the first array regions
402a-402b and the second array regions 406a-406b, a plu-
rality of channel structures 410 are disposed. The channel
structures 410 can extend from the substrate and extend
through the word line layers so as to form an array of vertical
memory cell strings. Each of the vertical memory cell string
can include a corresponding channel structure that is
coupled to the word line layers to form one or more bottom
select transistors (BSTs), a plurality of memory cells (MCs),
and one or more top select transistors (TSTs). The BSTs,
MCs and TSTs are disposed sequentially and in series over
the substrate. Each of the channel structures can further
include a channel layer, a tunneling layer that surrounds the
channel layer, a charge trapping layer that surrounds the
tunneling layer, and a barrier layer that surrounds the charge
trapping layer and further is in direct contact to the word line
layers. In some embodiments, a high-K layer, such as HfO,
or AlO, can be disposed between the word line layers and the
barrier layer.
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[0042] The area 300 can have a plurality of slit structures
(or gate line slits) 416-428. The slit structures can have a
trench profile, and extend from the substrate and extend
through the stack 600. In some embodiments, the slit struc-
tures can be made of conductive materials and positioned on
array common source (ACS) regions to serve as contacts,
where the ACS regions are formed in the substrate to sever
as common sources. In some embodiments, the slit struc-
tures can be made of dielectric materials to serve as sepa-
ration structures.

[0043] The slit structure 422 can be a shared slit structure
by the block N and the block N+1, and separate the block N
and the block N+1 from one another. The slit structures
416-420 can be included in the block N. The slit structure
416 is position at a bottom boundary of the block N with a
continuous configuration. The slit structures 418 and 420 are
disposed within the block N with a discontinuous configu-
ration, where one or more gaps (e.g., 430) are disposed in the
slit structures 418-420. Accordingly, the channel structures
in the block N can be coupled to each other. Similarly, the
slit structures 424-428 can be included in the block N+1. The
slit structure 424 is position at a top boundary of the block
N+1 with a continuous configuration. The slit structures 426
and 428 are disposed within the block N+1 with a discon-
tinuous configuration, where one or more gaps are disposed
in the slit structures 426-428. Accordingly, the channel
structures in the block N+1 can be coupled to each other.
[0044] FIG. 4B is a schematic diagram of flow paths of
driven currents in the area 300 of the stair area 206. As
shown in FIG. 4B, the first staircase 404 can have a first
group of stairs 404 A and a second group of stairs 404B. The
second staircase 408 can have a third group of stairs 408 A
and a fourth group of stairs 408B. In some embodiments, the
first group of stairs 404A can provide a control to the first
array region 402a, and the second group of stairs 404B can
provide a control to the first array region 4025. The third
group of stairs 408A can provide a control to the second
array region 406a, and the fourth group of stairs 408B can
provide a control to the second array region 4065. The first
portion 302a of the connection region 302 can be configured
to couple the controls to the first array regions 402a-4025,
and the second portion 3026 of the connection region 302
can be configured to couple the controls to the second array
regions 406a-406b.

[0045] Still referring to FIG. 4B, for simplicity and clarity,
the flow paths of the driven currents generated by the decode
structure are illustrated in the block N+1. When drive
voltages are applied by the decode structures (not shown)
onto the word line layers in the second staircase 408 through
the contact structures 412, the generated drive currents can
have a first current portion 430 and a second current portion
432. The first current portion 430 can flow from the third
group of stairs 408 A toward to the second array region 406a.
The first current portion 430 can further flow through the
gaps of the slit structures 426 and 428, and flow to the
second array region 4065 via the second portion 3025 of the
connection region 302.

[0046] Similarly, the second current portion 432 can flow
from the fourth group of stairs 408B toward to the second
array region 4065. The second current portion 432 can
further flow through the gaps of the slit structures 426 and
428, and flow to the second array region 406a via the second
portion 3025 of the connection region 302. In some embodi-
ments, the second array region 406a can be included in the
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first portion 204A of the plane 204 in FIG. 3, and the second
array region 4065 can be included in the second portion
204B of the plane 204. Thus, the drive currents can flow
from the stair area to the first and second portions of the
plain simultaneously, and drive the memory cells in the plain
in a reduced flow range comparing to a related 3D NAND
device (e.g., the 3D NAND device 100 in FIG. 1).

[0047] FIG. 5 is a three-dimensional view of the area 300
obtained from the stair area 206 in the 3D NAND device.
For simplicity and clarity, the channel structures 410, the
dummy channel structures 414, and the contact structures
412 are not included in FIG.5. As shown in FIG. 5, the first
staircase 404 can have the first group of stairs 404 A extend-
ing in a declining step direction (e.g., X direction) and a
second group of stairs 404B extending in an opposing
inclining step direction (e.g., X direction). In addition, the
first group of stairs and the second group of stairs in the first
staircase further extend in a lateral step-down direction (e.g.,
-Y direction) that is perpendicular to the inclining and
declining step directions. In an exemplary embodiment of
FIG. 5, the first group of stairs and the second group of stairs
can have four steps along the lateral step-down direction.
The four steps can accordingly divide the first group of stairs
and the second group of stairs into four divided regions
along the lateral step-down direction.

[0048] Similarly, the second staircase 408 can have the
third group of stairs 408A extending in the declining step
direction (e.g., X direction) and the fourth group of stairs
408B extending in the opposing inclining step direction
(e.g., X direction). The third group of stairs and the fourth
group of stairs in the second staircase further extend in a
direction opposite to the lateral step-down direction (e.g., Y
direction) that is perpendicular to the inclining and declining
step directions.

[0049] It should be noted that FIGS. 4 and 5 are merely an
example, and the first and second staircases 404 and 408 can
have any number of groups of stairs. In addition, each of the
groups of stairs can have any number of stairs according to
the device structure.

[0050] FIGS. 6 through 9 are three-dimensional views of
various intermediate steps of manufacturing a 3D NAND
device. In FIG. 6, a stack 600 of word line layers and
insulating layers are provided. The word line layers and the
insulating layers are disposed alternatingly over a substrate
(not shown). In some embodiments, the word line layers
formed in the stack 600 can be sacrificial word line layers,
and the sacrificial word line layers can be replaced with a
conductive material to form word line layers in subsequent
manufacturing steps. In some embodiments, the sacrificial
word line layers can be made of SiN, and the insulating
layers can be made of SiO. Any suitable deposition process
can be applied to form the sacrificial word line layers and the
insulating layers. For example, a chemical vapor deposition
(CVD) process, a physical vapor deposition (PVD) process,
a diffusion process, an atomic layer deposition (ALD) pro-
cess, or other suitable deposition processes can be applied.
[0051] Still referring to FIG. 6, a connection region 602,
a first staircase region 604, and a second staircase region 606
can be formed in the initial stack through a patterning
process. For example, a block layer (not shown), such as a
TiN layer, can be deposited over a top surface of the initial
stack 600. A photolithography process can be applied to
form a patterned mask layer (e.g., a patterned photoresist
layer) that exposes the block layer in the first staircase region
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604 and the second staircase region 606. An etching process
can be subsequently applied to remove the block layer in the
first staircase region 604 and the second staircase region 606
so that the word line layers in the first and second staircase
regions 604-606 are uncovered. Accordingly, a region with
the remaining block layer becomes the connection region
602.

[0052] In FIG. 7, the photolithography process and the
etching process can further be applied to form a first stair
608 in the first staircase region 604 and a second stair 610
in the second staircase region 606. The sacrificial word line
layers and insulating layers in the first staircase region 604
can be shaped to form the first stair 608 extending in a first
lateral step-down direction (e.g., -X direction) parallel to the
substrate, where the first stair 608 divides the sacrificial
word line layers and the insulating layers in the first staircase
region 604 into a first section 604A and a second section
604B. In addition, the sacrificial word line layers and
insulating layers in the second staircase region 606 of the
stack 600 can be shaped to form the second stair 610
extending in the first lateral step-down direction, where the
second stair 610 divides the sacrificial word line layers and
the insulating layers in the second staircase region 606 into
a third section 606A and a fourth section 606B.

[0053] In order to form the first and second stairs 608 and
610, the photolithography process can apply a patterned
mask layer over the top surface of the stack 600, where the
patterned mask layer exposes the first section 604A of the
first staircase region 604 and the third section 606A of the
second staircase region 606. The etching process can be
applied subsequently to remove portions of the sacrificial
word line layers and insulating layers in the first section
604A of the first staircase region 604 and in the third section
606 A of the second staircase region 606 respectively. The
stairs 608 and 610 can be formed accordingly upon the
completion of the etching process.

[0054] In FIG. 8, the sacrificial word line layers and the
insulating layers in the first staircase region 604 can be
shaped to form one or more stairs extending in a second
lateral step-down direction (e.g., —Y direction), where the
second lateral step-down direction is perpendicular to the
first lateral step-down direction (e.g., -X direction). For
example, as shown in FIG. 8, three stairs can be formed in
the first and second sections 604A-604B of the first staircase
region 604 along the -Y direction. Moreover, the sacrificial
word line layers and the insulating layers in the second
staircase region 606 can be shaped to form one or more stairs
extending in a third lateral step-down direction opposite to
the second lateral step-down direction (e.g., Y direction).
[0055] In order to form the one or more stairs along the
second and third lateral step-down directions in the first and
second staircase regions, a resist trim and an etching process
can be operated sequentially. For example, a resist layer can
be deposited on the first section 604A of the first staircase
region 604. A photolithography process can expose a first
part S1 of the first section 604A along the second lateral
step-down direction (e.g., =Y direction). A plasma etching
process can be applied to remove portion of the word line
layers and insulating layers in the exposed first part S1. A
resist trim process, such as a plasma ashing process, can be
subsequently applied to expose a second part S2 of the first
section 604A along the second lateral step-down direction,
and the plasm etching process can be applied to remove
portions of the word line layers and insulating layers in the
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exposed second part S2 and the exposed first part S1. The
plasma ashing process can be applied again to remove a
remaining resist layer. Once the remaining resist layer is
removed, three stairs can be formed in the first section 604A
of the first staircase region 604 along the second lateral
step-down direction (=Y direction).

[0056] In FIG. 9, the resist trim process and the etching
process can be sequentially applied on the sacrificial word
line layers and the insulating layers in the first and second
staircase regions 604-606 to form a first staircase 904 and a
second staircase 908 in the first staircase region 604 and the
second staircase region 606 respectively. As shown in FIG.
9, when the resist trim process and the etching process are
completed, the stack 600 can have a similar configuration to
the stack 300 in FIG. 5.

[0057] For example, as shown in FIG. 9, the first staircase
904 includes a first group of stairs 904A extending in a
declining step direction (e.g., X direction) in the first section
604A, and a second group of stairs 904B extending in an
inclining step direction (e.g., X direction) in the second
section 604B. The second staircase 908 has a third group of
stairs 908 A extending in the declining step direction (e.g., X
direction) in the third section 606A, and a fourth group of
stairs 908B extending in the inclining step direction (e.g., X
direction) in the fourth section 606B. In addition, the first
staircase 904 can extend in a lateral step-down direction
(e.g., =Y direction) and the second staircase 908 can extend
in a direction opposite to the lateral step-down direction
(e.g., Y direction).

[0058] Furthermore, a connection region 912 that is
formed based on the connection region 602 can be arranged
between the first and second staircases 904 and 908. A slit
structure 910 can be positioned in the connection region 912
and between the first and second staircases 904 and 908. A
block N can include first array regions 902a-9025, a first
portion 912a of the connection region 912, and the first
staircase 904. A block N+1 can include second array regions
906a-906b, a second portion 9125 of the connection region
912, and the second staircase 908.

[0059] FIG. 10 is a flowchart of a process 1000 for
manufacturing the disclosed 3D NAND device in accor-
dance with some embodiments of the present disclosure. The
process 1000 begins at step 1004 where an initial stack of
sacrificial word line layers and insulating layers can be
formed over a substrate of the 3D NAND device. A con-
nection region, a first staircase region, and a second staircase
region can be patterned in the initial stack subsequently
through a patterning process. The connection region can be
positioned between the first staircase region and the second
staircase region. In some embodiments, the step 1004 can be
performed as illustrated with reference to FIG. 6.

[0060] The process 1000 then proceeds to step 1006 where
the sacrificial word line layers and insulating layers in the
first staircase region can be shaped to form a first stair
extending in a first lateral step-down direction (e.g., =X
direction), where the first stair divides the sacrificial word
line layers and the insulating layers in the first staircase
region into a first section and a second section. In step 1008
of the process 1000, sacrificial word line layers and insu-
lating layers can be shaped in a second staircase region to
form a second stair extending in the first lateral step-down
direction, where the second stair divides the sacrificial word
line layers and the insulating layers in the second staircase
region into a third section and a fourth section. In some
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embodiments, the steps 1006 and 1008 can be performed as
illustrated with reference to FIG. 7.

[0061] In step 1010 of the process 1100, the sacrificial
word line layers and the insulating layers in the first staircase
region can be shaped to form one or more stairs extending
in a second lateral step-down direction (e.g., Y direction),
where the second lateral step-down direction is perpendicu-
lar to the first lateral step-down direction (e.g., -X direc-
tion). In step 1012 of the process 1000, the sacrificial word
line layers and the insulating layers in the second staircase
region can be shaped to form one or more stairs extending
in a direction opposite to the second lateral step-down
direction (e.g., Y direction). In some embodiments, the steps
1010 and 1012 can be performed as illustrated with refer-
ence to FIG. 8.

[0062] The process 1000 then proceed to step 1014 where
a resist trim process and an etching process can be operated
sequentially on the sacrificial word line layers and the
insulating layers in the first and second staircase regions to
form the first staircase and the second staircase in the first
staircase region and the second staircase region respectively.
In some embodiments, the step 1014 can be performed as
illustrated with reference to FIG. 9.

[0063] It should be noted that additional steps can be
provided before, during, and after the process 1000, and
some of the steps described can be replaced, eliminated, or
performed in different order for additional embodiments of
the process 1000. For example, in subsequent process steps,
channel structures can be formed in two array regions of the
initial stack, where the channel structures extend from the
substrate and extend through the sacrificial word line layers
and the insulating layers in the two array regions, and the
connection region of the initial stack. A plurality of slit
structures can be formed, and the sacrificial word line layers
can be replaced with a conductive material to form word line
layers. Further, first contact structures can be formed on the
first staircase, and second contact structures can be formed
on the second staircase. The first contact structures are
connected to the word line layers in the first staircase, and
the second contact structures are connected to the word line
layers in the second staircase.

[0064] Moreover, various additional interconnect struc-
tures (e.g., metallization layers having conductive lines
and/or vias) may be formed over the first and second contact
structures of the 3D NAND device. Such interconnect
structures electrically connect the 3D NAND device with
other contact structures and/or active devices to form func-
tional circuits. Additional device features such as passiva-
tion layers, input/output structures, and the like may also be
formed.

[0065] The various embodiments described herein offer
several advantages over related memory devices. For
example, in the present disclosure, the 3D NAND device can
have a plurality of memory planes. Each of the memory
planes can have a corresponding decode structure disposed
at a middle position of the memory plane. Thus each of the
memory planes can be driven by the corresponding decode
structure along a direction from the middle position of the
memory plane to two sides of the memory plane, and an
effective flow length of the driven currents is accordingly
reduced by half comparing to a driven current in a related 3D
NAND device. Thus, a total resistance can be reduced by the
reduced flow length, which in turns compensates an
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increased sheet resistance due to the reduced layer (or film)
dimensions in the 3D NAND device.

[0066] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. A semiconductor device, comprising:

a stack including word line layers and insulating layers

that are alternatingly stacked over a substrate;

a first block having a first staircase formed in the stack

that extends between first array regions;

a second block having a second staircase formed in the

stack that extends between second array regions; and

a connection region formed in the stack between the first

staircase and the second staircase.

2. The semiconductor device of claim 1, wherein

the first staircase has stairs extending in a declining step

direction and stairs extending in an opposing inclining
step direction.

3. The semiconductor device of claim 2, wherein the stairs
of the first staircase further extend in a lateral step-down
direction that is perpendicular to the inclining and declining
step directions.

4. The semiconductor device of claim 3, wherein the
second staircase has stairs extending in the declining step
direction and stairs extending in the opposing inclining step
direction.

5. The semiconductor device of claim 4, wherein the stairs
of the second staircase further extend in a direction opposite
to the lateral step-down direction that is perpendicular to the
declining and inclining step directions.

6. The semiconductor device of claim 1, further compris-
ing:

channel structures formed in the connection region, the

first array regions, and the second array regions, the
channel structures extending from the substrate and
extending through the word line layers and the insu-
lating layers of the stack;

first contact structures formed on the first staircase and

connected to the word line layers in the first staircase;
and

second contact structures formed on the second staircase

and connected to the word line layers in the second
staircase.

7. The semiconductor device of claim 6, wherein the first
staircase and the second staircase are coupled to a decode
structure through the first contact structures and the second
contact structures.

8. The semiconductor device of claim 1, further compris-
ing

a slit structure positioned in the connection region

between the first staircase and the second staircase that
divides the connection region into a first portion and a
second portion, wherein
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the first block includes the first portion of the connec-
tion region, the first array regions, and the first
staircase, the first portion of the connection region
being arranged adjacent the first staircase and con-
nected to the first array regions, and
the second block includes the second portion of the
connection region, the second array regions, and the
second staircase, the second portion of the connec-
tion region being arranged adjacent the second stair-
case and connected to the second array regions.
9. A method for fabricating a semiconductor device,
comprising:
forming an initial stack of sacrificial word line layers and
insulating layers that are alternatingly disposed over a
substrate of the semiconductor device;
patterning a connection region, a first staircase region, and
a second staircase region in the initial stack;
shaping the first staircase region in the initial stack to form
a first staircase; and
shaping the second staircase region in the initial stack to
form a second staircase, wherein
the first staircase is formed in a first block of the initial
stack and extends between first array regions of the
first block,
the second staircase is formed in a second block of the
initial stack and extends between second array
regions of the second block, and
the connection region is formed in the initial stack
between the first staircase and the second staircase.
10. The method of claim 9, wherein the shaping the first
staircase region and the second staircase region further
comprises:
shaping the sacrificial word line layers and the insulating
layers in the first staircase region to form a first stair
extending in a first lateral step-down direction, the first
stair dividing the sacrificial word line layers and the
insulating layers in the first staircase region into a first
section and a second section;
shaping the sacrificial word line layers and the insulating
layers in the second staircase region to form a second
stair extending in the first lateral step-down direction,
the second stair dividing the sacrificial word line layers
and the insulating layers in the second staircase region
into a third section and a fourth section, the first and
second staircase regions being separated by the con-
nection region;
shaping the sacrificial word line layers and the insulating
layers in the first staircase region to form one or more
stairs extending in a second lateral step-down direction,
the second lateral step-down direction being perpen-
dicular to the first lateral step-down direction;
shaping the sacrificial word line layers and the insulating
layers in the second staircase region to form one or
more stairs extending in a direction opposite to the
second lateral step-down direction that is perpendicular
to the first lateral step-down direction; and
performing a resist trim process and an etching process
sequentially on the sacrificial word line layers and the
insulating layers in the first and second staircase
regions to form the first staircase and the second
staircase in the first staircase region and the second
staircase region respectively.
11. The method of claim 10, wherein the first staircase
comprises stairs extending in a declining step direction in
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the first section, and stairs extending in an opposing inclin-
ing step direction in the second section.

12. The method of claim 11, wherein the stairs of the first
staircase further extend in the second lateral step-down
direction that is perpendicular to the inclining and declining
step directions.

13. The method of claim 12, wherein the second staircase
has stairs extending in the declining step direction and stairs
extending in the opposing inclining step-down direction.

14. The method of claim 13, wherein the stairs of the
second staircase further extend in the direction opposite to
the second lateral step-down direction that is perpendicular
to the declining and inclining step directions.

15. The method of claim 9, further comprising:

forming channel structures in the connection region, the

first array regions and the second array regions of the
initial stack, the channel structures extending from the
substrate and extending through the sacrificial word
line layers and the insulating layers in the connection
region, the first array regions and the second array
regions of the initial stack;

replacing the sacrificial word line layers with word line

layers; and

forming first contact structures on the first staircase,

second contact structures on the second staircase, the
first contact structures being connected to the word line
layers in the first staircase, the second contact struc-
tures being connected to the word line layers in the
second staircase.

16. A semiconductor device, comprising:

a first portion of a plane of memory cells formed in a stack

of word line layers and insulating layers that are
stacked alternatingly over a substrate;
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a second portion of the plane of memory cells formed in
the stack;

a stair area formed in the stack that is positioned between
the first portion and the second portion of the plane and
coupled to a decode structure; and

a plurality of connection regions formed in the stack that
extend across the stair area between the first portion of
the plane and the second portion of the plane so as to
connect the first portion of the plane and the second
portion of the plane, wherein

a plurality of staircases are disposed in the stair area that
are arranged between the connection regions in an
alternating manner.

17. The semiconductor device of claim 16, further com-

prising:

channel structures that are disposed in the first and second
portions of the plane, and the connection regions, the
channel structures extending from the substrate and
extend through the word line layers and the insulating
layers of the stack.

18. The semiconductor device of claim 16, wherein each
of the staircases further comprises stairs extending in a
declining step direction and stairs extending in an opposing
inclining step direction.

19. The semiconductor device of claim 18, wherein the
stairs in each of the staircases further extend in a lateral
step-down direction or a direction opposite to the lateral
step-down direction, the lateral step-down direction being
perpendicular to the inclining and declining step directions.

20. The semiconductor device of claim 16, wherein each
of the staircases is positioned between a first array region of
the first portion of the plane and a second array region of the
second portion of the plane.
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