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MEMORY DEVICE AND METHOD FOR FORMING THE SAME

FIELD

[0001] This application generally relates to the field of memory technologies and, more

spectfically, to a memory device and a method for forming the same.
BACKGROUND

[6002] Starrcase structures are often used n 3-dimensional memory devices, such as NAND
memory devices. A staircase structure may include many stawrs of electrodes. Vertical contacts
may be formed on the stairs to electrically connect to corresponding electrodes. Bottom select
gates are electrodes used to select NAND strings and stairs of bottom select gates are at a bottom

of a staircase structure.
SUMMARY

{0003} One aspect of the present disclosure includes a memory device. The memory device
mcludes a bottom-select-gate (BSG) structure, including cut slits formed vertically through the
BS(G structure, on a substrate. A cell-layers structure 1s formed on the BSG structure. Gate-line
shits are formed vertically through the cell-layers structure and the BSG structure, into the
substrate and arranged along a first lateral direction to distinguish a plurality of finger regions.
The gate-line slits include a first gate-line slit between first and second finger regions of the
plurality of finger regions, the first gate-line slit including gate-line sub-slits. The cut shits
include a first cut-shit, formed in the second finger region and connecting to a gate-line sub-shit of
the first gate-line slit to define a BSG in a first portion of the second finger region. The BSG in

the first portion of the second finger region 1s electrically connected to cell strings i the first
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finger region through an inter portion between the one gate-line sub-siit and an adjacent gate-line
sub-slit of the first gate-line shit.

{6004] Optionally, the first cut-shit electrically separates the BSG n the first portion of the
second finger region from a BS(G in a second portion of the second finger region. The BSG in
the second portion of the second finger region 18 electrically connected to cell strings in the
second finger region. The BSG n the first portion of the second finger region and the BSG
the second portion of the second finger region have a same height from the substrate.

{0005} Optionally, the cut shits further include one or more second cut-shits, each connecting
adjacent gate-line sub-slits in a same gate-line sht.

{0006] Optionally, the memory device further includes dummy channels, formed i the
plurality of finger regions over the substrate; and contacts, formed on BSGs of the BSG structure
in the plurality of finger regions excluding the first finger region.

[0007] Optionally, the first finger region 1s defined between a continuous gate-line slit and
the first gate-line shit including the gate-line sub-shits. A wall structure is formed n the first
finger region over the substrate. The wall structure includes a stack structure of alternating
electrode/insulating layer pairs.

{0008] Optionally, an orthogonal projection of the cut shits on the substrate includes straight-
line segments.

{0009] Optionally, the memory device further includes another BSG structure. The
substrate includes a staircase-structure region and a doped well 1s formed in the staircase-
structure region of the substrate. The BSG structure and the another BS(G structure are formed
on the staircase-structure region of the substrate and on opposite sides of the doped well. A top

of the BSG structure and a top of the another BSG structure have different heights from the
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substrate. The substrate further includes a first array region and a second array region, and the
statrcase-structure region s between the first array region and the second array region, arranged
along a second lateral direction.

{0016} Optionally, the cell-layers structure includes a stack structure of alternating
electrode/insulating layer patrs.

{001 1] Optionally, a word line 1n the second finger region over the BSG stracture is
connected to an electrode layer in the first finger region through the inter portion between the
one gate-line sub-slit and the adjacent gate-line sub-shit of the first gate-line shit.

[0012] Optionally, the memory device further includes an insulating material formed in the
cut slits.

{0013} Another aspect of the present disclosure includes a method for forming a memory
device. A bottom-select-gate (BSG) structure 1s formed on a substrate. Cut shits are formed
vertically through the BSG structure on the substrate. A cell-layers structure 15 formed on the
BSG structure. Gate-line slits are formed, vertically through the cell-layers structure and the
BSG structure, into the substrate and arranged along a first lateral direction to distinguish a
plurality of finger regions. The gate-line slits include a first gate-line slit between first and
second finger regions of the plurality of finger regions, the first gate-line slit including gate-line
sub-slits. The cut slits include a first cut-shit, formed in the second finger region and connecting
to a gate-line sub-slit of the first gate-line shit to define a BSG in a first portion of the second
finger region. The BSG in the first portion of the second finger region 15 electrically connected
to cell strings i the first finger region through an mter portion between the one gate-line sub-sht

and an adjacent gate-hine sub-shit of the first gate-line shit.
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[0014] Optionally, the first cut-slit electrically separates the BSG n the first portion of the
second finger region from a BSG in a second portion of the second finger region.

[0015] Optionally, the BSG in the second portion of the second finger region is electrically
connected to cell strings n the second finger region. The BS(G in the {first portion of the second
finger region and the BSG in the second portion of the second finger region have a same height
from the substrate. The cut slits further include one or more second cut-slits, each connecting
adjacent gate-line sub-shits in a same gate-line sht.

{0016} Optionally, dummy channels are formed in the plurality of finger regions over the
substrate; and contacts are formed on BSGs in the plurality of finger regions excluding the first
finger region.

{0017] Optionally, the first finger region 1s defined between a continuous gate-line slit and
the first gate-line shit inchuding the gate-line sub-slits. A wall structure i1s formed n the first
finger region over the substrate. The wall structure includes a stack structure of alternating
electrode/insulating layer pairs.

[0018] Optionally, an orthogonal projection of the cut shits on the substrate includes straight-
line segments.

{0019] Optionally, another BSG structure 15 formed. The substrate inclades a staircase-
structure region and a doped well is formed in the staircase-structure region of the substrate. The
BSG structure and the another BSG structure are formed on the staircase-structure region of the
substrate and on opposite sides of the doped well. A top of the BSG structure and a top of the
another BSG structure have different heights from the substrate. The substrate further includes a
first array region and a second array region, and the staircase-structure region is between the first

array region and the second array region, arranged along a second lateral direction.
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[6026] Optionally, the cell-layers structure includes a stack structure of alternating
sacrificial layer/msulating layer pairs before forming the gate-line slits.

[0021] Optionally, a word line in the second finger region over the BSG structure 1s
connected to an electrode layer in the first finger region through the inter portion between the
one gate-line sub-slit and the adjacent gate-line sub-shit of the first gate-line shit.

{0022} Optionally, an insulating material is deposited in the cut slits,

{0023} Gther aspects of the present disclosure can be understood by those skilled in the ast

in hight of the description, the claims, and the drawings of the present disclosure.
BRIEF BESCRIPTION OF THE BRAWINGS

{0024} FIG 1 illustrates a schematic view of an exemplary three-dimensional (3D} memory
device according to various embodiments of the present disclosure.

{00285} FIG. 2 illustrates a schematic view of a first semiconductor structure of an exemplary
3D memory device according to various embodiments of the present disclosure.

10026} FIG. 3 illustrates an exemplary staircase-structure region in a block of an 3D
memory device according to various embodiments of the present disclosure.

{0627] FIG. 4 illustrates a flowchart of an exemplary method for forming a three-
dimensional memory device according to various embodiments of the present disclosure.

[B028] FIG. 5 illustrates a schematic view of a substrate of an exemplary 3D memory device
according to various embodiments of the present disclosure.

{8029] FIGS. 6 to 9 show structures at certain stages during a process of forming a bottom-
select-gate (BSG) stracture according to various embodiments of the present disclosure.

{0030] FIG. 10 illustrates structures at certain stage{s) during a process of forming cut shits

according to various embodiments of the present disclosure.
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{6031} FIGS. 11 to 16 lustrate structures at certain stages during a process of forming a
cell-layers structure according to various embodiments of the present disclosure.

{6032} FIGS. 17 to 18 dlustrate structures at certain stages during a process of forming
channels according to various embodimentis of the present disclosure.

{0033} FIGS. 19 to 20 illustrate structures at certain stages during a process of forming one
or more gate-line slits according to various embodiments of the present disclosure.

{0034} FI( 21 iltustrates a cross-sectional view along direction C1-C2 in FIG. 19 after
sacrificial lavers in a 3D memory device are removed and a plurality of electrodes are formed
according to various embodiments of the present disclosure.

{0035] FIG. 22 illustrates a schematic view of orthogonal projections of exemplary gate-line
shits and cut slits on the substrate according to various embodiments of the present disclosure.
{0036} FIG. 23 illustrates structures at certain stage during a process of forming contacts
according to various embodiments of the present disclosure.

[0037] FIG. 24 illustrates an exemplary 3D memory device including a second
senmiconductor structure on a first semiconductor structure according to various embodiments of
the present disclosure.

{0038] FIG. 25 illustrates another exemplary 3D memory device according to various
embodiments of the present disclosure.

{8039] FIG. 26 illustrates another schematic view of orthogonal projections of gate-line slits
and cut shits of a 3D memory device and in a staircase-structure region according to various

embodiments of the present disclosure.
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DETAILED DESCRIPTION OF EMBODIMENTS

{0040] The following describes the technical solutions 11 the embodiments of the present
mvention with reference to the accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same or like parts. Apparently, the
described embodiments are merely some but not all the embodiments of the present invention,
Other embodiments obtained by a person skilled in the art based on the embodiments of the
present invention without creative efforts shall fall within the protection scope of the present
disclosure.

{0041} In the specification, claims, and accompanying drawings of the present disclosure,
the terms “first,” “second,” “third,” “fourth,” and the hike (if exist) are intended to distinguish
between similar objects but do not necessarily indicate an order or sequence. It should be
understood that the embodiments of the present disclosure described herein can be implemented,
for example, in orders other than the order tllustrated or described herein.

[0042] Some or all of the processes may be chosen according to actual needs to achieve
purposes of the present disclosure. Some or all of the components may be chosen according to
actual needs to achieve purposes of the present disclosure.

{0043] The terms “one or more” or the like as used herein may be used to describe any
feature, structure, or characteristic in a singular sense and/or may be used to describe
combinations of features, structures or characteristics i a plural sense. Similarly, terms “a,” “an,
and “the,” or the like may be used to convey a singular usage and/or to convey a plural usage.
{0044] 1t should be understood that the meaning of “on,” “above,” and “over” in the
present disclosure should be nterpreted i the broadest maoner such that “on” not only

means “directly on” something but also includes the meaning of “on” something with an

23
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mtermediate feature or a layer therebetween, and that “above” or “over” not only means the
meaning of “above” or “over” something but can also include the meaning it 1s “above” or
“over” something with no intermediate feature or layer therebetween (1.e., directly on
something).

23 <<

{8045] Further, spatial terms “beneath,” “below,” “lower,” “above,” “upper,” “top,”
“bottom,” and the hike, 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
spatial 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 accordingly.

{0046] The present disclosure provides a three-dimensional (3D) memory device and a
method for forming the same. FIGS. 1 illustrates a schematic view of an exemplary three-
dimensional (3D) memory device according to vartous embodiments of the present disclosure,
FIG. 2 sllustrates a schematic view of a first semiconductor structure of an exemplary 3D
memory device according to various embodiments of the present disclosure. FIG. 3 illustrates an
exemplary staircase-structure region 1n a block of an 3D memory device according to various
embodiments of the present disclosure. FIG. 4 dllustrates a flowchart of an exemplary method
for forming a 3D memory device. FIGS. 5 to 24 illustrate schematic views of structures at
certain stages of forming an exemplary 3D memory device. For example, FIGS. S5to 15 and 17
to 23 illustrate schematic views of structures of an exemplary 3D memory device and in a
staircase-structure region, and FIG. 16 tllustrates a schematic view of structures in an exemplary

array region. FIG. 25 illustrates another exemplary 3D memory device according 1o various
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embodiments of the present disclosure. FIG. 26 illustrates another schematic view of orthogonal
projections of gate-hine shits and cut slits of a 3D memory device and i a staircase-structure
region on the substrate.

{00471 FIG 1 illustrates a schematic view of an exemplary three-dimensional (3D} memory
device according to various embodiments of the present disclosure. A 3D memory device 100
mcludes a first semiconductor structure 110 and a second semiconductor structure 210, The first
semiconductor structure 110 may include a substrate 120. A first direction in or parallel to a
surface plane of the substrate is denoted as X direction. A second direction in or parallel to a
surface plane of the substrate is denoted as Y direction, and a symbol near letter “Y” and
showing a combination of a circle and a cross indicates that Y direction in FIG. 1 points inward
with respect to the drawing sheet of the figure. A third direction that is normal to the surface
plane of the substrate i1s denoted as Z direction.

[B048] A vertical direction with respect to the substrate may be a direction along the third
direction (e.g., £ direction). A lateral or horizontal direction with respect to the substrate may be
a direction {e.g., X and/or Y direction) that is parallel to the surface plane of the substrate. A
lateral or horizontal plane may be a plane that 1s parallel to the surface plane of the substrate.
{0049] The first semiconductor structure 110 may include memory cells, word lines,
contacts, channels, botiom select gates, top select gates, staircases, etc. A staircase may mclude
one or more staits or stairsteps. A bottom select gate can also be referred to as a “bottom-select-
gate” or a “BSG”. A top select gate can also be referred to as a “top-select-gate™ or a “TSG™.
The second semiconductor device 210 may include back-end-of-line interconnect layver. In some
embodiments, the second semiconductor structure 210 may be directly formed on the first

semiconductor struciure 110, In other embodimenis, the second semiconductor siructure 210
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may be formed separately with respected to the first senmiiconductor structure 110, and further
bonded with the first semiconductor structure 110,

{0050] FIG. 2 illustrates a schematic top view of a first semiconductor structure of an
exemplary 3D memory device according to various embodiments of the present disclosure. For
example, first semiconductor structure 110 may include one or more blocks, such as block B-1,
block B-2, and so on. Block B-N indicates Nth block, where N may be a positive integer. The
blocks may be arranged along Y direction and each may extend along X direction. Each block of
the first semiconductor structure 110 may nchude a first array region, denoted as “AR-1," a
second array region, denoted as “AR-2.” and a staircase-structure region, denoted as “SSR,)”
which is a central region between the first array region and the second array region in each block
and include stairs. A region in both AR-1 and B-1, 1.e. a first array region in block B-1, 18
denoted as region (AR-1, B-1}. A region in both SSR and B-1, 1.e,, a statrcase-structure region
in block B-1, 1s denoted as region (S8R, B-1). A region in both AR-2 and B-1, 1.e. a second
array region in block B-1, 1s denoted as region (AR-2, B-1}). A region in both AR-1 and B-N, 1.e.
a first array region in block B-N, 1s denoted as region (AR-1, B-N).

[0051] FIG. 3 illustrates an exemplary staircase-structure region in a block of an 3D
memory device according to vanous embodiments of the present disclosure. The staircase-
structure region may nclude a doped well region, denoted as region “R-07; a first BSG region,
denoted as region “R-17; a second BSG region, denoted as region “R-27; a first word-hine-stair
region, denoted as region “R-37; a second word-line-stair region, denoted as region “R-47.
Regions R-0, R-1, R-2, R-3, and R-4 may extend from the substrate 110 in £ direction from the
substrate or from a position inside the substrate. One or more stairs for bottom select gates may

be formed 1n regions R-1 and R-2; and one or more stairs for word lines and/or top select gates

10
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may be formed o regions R-3 and R-4. Region R1 may nclude a first sub-region R-11 and a
second sub-region R-12. Region R2 may nclude a first sub-region R-21 and a second sub-
region R-22. Regions F-1, F-2, F-3 are a first finger region, a second finger region, and a third
finger region of a block 1n the 3D memory device, respectively. Region (R-1, F-1}refersto a
region in both the first finger region and the first BSG region, 1e, an overlapped region of the
first finger region and the {irst BSG region. Region {R-m, F-n) refers to a region 1n region R-m
and region F-n, 1.e., an overlapped region of region R-m and region F-n, where m and n arg
suitable numbers, such as positive integers. For example, if m=2 and n=3, region (R-m, F-n}) is
region {R-2, F-3), which 15 a region in both region R-2 and region F-3, 1.e., an overlapped region
of region R-2 and region F-3.

{0052] In some embodiments, the staircase-structure region {SSR)} may include a first word-
line-~stair region (R-3} that includes word-line stairs, a first BSG region (R-1} that includes
bottom select gates and BSG stairs, a doped well region (R-0) that includes a doped well, a
second BSG region (R-2) that include bottom select gates and BSG stairs, and a second word-
line-stair region (R-4) that includes word-line stairs. The first word-line-stair region {(R-3}, the
first BSG region (R-1), the doped well region (R-0), the second BSG region (R-2), and the
second word-line-stair region {R-4) may be, for example, arranged along the first direction from

one region to another region, and may each extend along the first direction and/or the second

direction.
{0053] In the present disclosure, the number of finger regions in a block may be chosen

according to various application scenarios. The number of finger regions may be, for example, 2,

3, 4, or any other suitable numbers.

11
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[0054] FIG. 4 illustrates a flowchart of an exemplary method for forming a 3D memory
device according to various embodiments of the present disclosure. Referring to FIG. 4, a first
serniconductor structure 1s formed (S610}.

{0055} For forming the first semiconductor structure, a substrate is provided (5611).
Correspondingly, FIG. 5 illustrates a schematic view of a substrate of an exemplary 3D memory
device according to various embodiments of the present disclosure.

{0056} In FIG. 5, the substrate 120 includes a doped well 121. The doped well 121 may
extend along Y direction. The substrate 120 may include silicon, such as single-crystaliine
stlicon, silicon germanium, gallium arsenide, germanium (Ge), or any other suitable materials.
The doped well 121 may be fully or partially doped with n-type and/or p-type dopants. The
doped well may be, for example, a p-well, 1.e., a well doped with p-type dopants, or a n-well, a
well doped with n-type dopants. For illustrative purposes, only structures in region S8R are
partially shown in FIG 5. The substrate may include other regions, such as array regions AR-1
and AR-2.

[0057] Returrung to FIG. 4, a bottom-select-gate (BSG) structure 15 formed on the substrate
(S612). Correspondingly, FIGS. 6 to 9 show structures at certain stages during a process of
formung the BSG structure.

[B038] Referrimg to FIG. 6, a stack structure including alternatingly arranged sacrificial
layers 132 and msulating layers 131 for the BSG structure 18 formed on the substrate 120 An
msulating layer 131 and an adjacent sacrificial layer 132 form a tier or a pair, such as an
msulating layver/sacrificial layer pair. The paus may be at different heights with respect to a

reference surface, e.g., a substrate surface. In some embodiments, each pair may have a same

thickness. In other embodiments, each pair may have different thicknesses.
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[6059] In some embodiments, the sacrificial layer may include, for example, poly-silicon,
poly-germanium, and/or stlicon nitride. In some embodiments, the insulating layer may include,
for example, an oxide material, such as silicon oxide.

{0060} In some embodiments, the sacrificial layer may include any suitable matenal
different from the insulating layer. For example, the sacrificial layer may be nitride, the
msulating layer may be oxide, and the sacrificial laver/insulating layer pair may be a nitride-
oxide pair.

{0061] The number of pairs may be chosen according to various application scenarios. The
number of pairs may be, for example, 1, 2, 3, 4, or any other suitable numbers.

10062} In some embodiments, the stack structure may include one or more sacrificial
layer/insulating layer pairs, and may further include a bottom nsulating layer and/or a top
msulating laver. For example, the stack structure may include a bottom insulating layer and one
or more sacrificial layer/insulating layer pairs, and the bottom msulating layer i1s in contact with a
sacrificial layer of an adjacent pair. In some embodiments, in a sacrificial layer/insulating layer
pair, the sacrificial layer may be above the mnsulating layer. In other embodiments, in a
sacrificial layer/insulating layer pawr, the insulating layer may be above the sacrificial layer.
{8063} FIGS. 7 to 9 illustrate an exemplary BSG structure imcluding exemplary BSG stairs
on a substrate. FIG. 8 15 a top view, and FIG. 7 18 a cross-sectional view along direction A1-Al
m FIG. &

{0064] Referrng to FIGS. 7 and 8, a BSG structure 130 may include, for example, a first
BSG structure and a second BSG structure formed on the staircase-structure region {85R) of the

substrate 120 and on opposite sides of the doped well 121. In some embodiments, a top of the

13
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first BSG structure and a top of the second BSG structure may have a same height or different
heights from the substrate 120

{0065] Stairs are formed in the BSG structure 130, For example, the 131-1/132-1 pair forms
a stair {or a stawrstep); and the 131-2/132-2 pair forms another stair. The 131-1/ 132-1 stair and
the 131-2/132-2 stair have different heights. A height of a stair may be a distance along Z
direction from a reference plane to a surface of the stair. The surface of the stair may be, for
example, a top surface of the stair or a top surface of a layer of the stair. The reference plane
may be, for example, a surface plane of the substrate.

{0066} Stairs 1n the BSG structure may be formed on two sides of a central plane O1-02 of
the staircase-structure region {(SSR). The central plane may be, for example, a plane parallel to
the second direction and the third direction and at a central location of the staircase-structure
region in the first direction. The 131-11/132-11 stair and the 131-21/132-21 stair may be on one
side of the central plane O1-02, and the 131-12/132-12 stair and the 131-22/132-22 stair may be
on another side of the central plane O1-02.

[0067] Step edges of the 131-11/132-11 stair and the 131-21/132-21 stair may be at different
locations with respected to each other along X direction. The 131-11/132-11 stair extends mnto
first sub-region R-11, and the 131-21/132-21 stair extends mto second sub-region R-12. That 1s,
the step edge of the 131-11/132-11 stair 1s in the first sub-region R-11, and the step edge of the
131-21/132-21 stair 1s i the second sub-region R-12.

{B068] In some embodiments, the BSG stairs may be formed by etching to remove portions
of alternatingly arranged sacrificial layers and insulating layers, such as dry etch or wet etch.
{6069} Referring to FIG. 9, insulating layers 134 are formed in the BSG structure 130, The

msulating fayer may include, for example, oxide. The mnsulating layers 134 may be formed by
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depositing insulating materials 1o empty regions in the BSG structure, e.g., regions between the
statrs of the BSG stracture 130, via a deposition process, such as a chemical vapor deposition
(CVD) process, a physical vapor deposition (PVD) process, and/or an atomic layer deposition
(ALD) process; and removing excess insulating materials via a planarization process, such as a
chemical-mechanical-planarization (CMP).

{0670} Referring to FIG. 4, cut shits, e.g., BSG cut shits, are formed in the BSG structure
(5613). Correspondingly, FIG. 10 illustrates structures at certain stage(s) of the process of
forming cut shits according to various embodiments of the present disclosure.

{0071} Referning to FIG. 10, a plurality of cut slits are formed in the region SSR. Cut slit
135-1 may be formed, for example, in region (R-1, F-2) and may separate structures of the BSG
structure 130 n region (R-1, F-2) into at least two portions. For example, stairs of the BSG
structure 130 n region (R-1, F-2) may be divided into at least two portions by the cut slit 135-1.
[0072] In some embodiments, different stairs of the BSG structure 130 at different heights
may extend into the first sub-region R-11 and the second sub-region R-12. For example,
referring to FIGS. 7, 9and 10, the 131-21/132-21 stair of extending into the region R-12 has a
height different from a height of the 131-11/132-11 stawr extending into the region R-11; and
accordingly, 1n the region {R1, F-2), the cut shit 135-1 may separate the 131-21/132-21 stair into
two portions, and separate the 131-11/132-11 stair into two portions,

{0073] Cut shit 135-2 15 1n region {R-2, F-2}, 1.¢,, a second BSG region R-2 of the second
finger region F-2, and separate structure of the BSG structure 130 mn region (R-2, F-2) into at
least two portions. For example, stairs of the BSG structure 130 i region (R-2, F-2} may be

divided into two portions.
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{0074] In some embodiments, different stairs of the BSG structure 130 at different heights
may extend into the first sub-region R-21 and the second sub-region R-22. For example,
referring to FIGS. 7, 9, and 10, the 131-22/132-22 stair extending mnto the region R-22 has a
height different from a height of the 131-12/132-12 stair extending into the region R-21.
Accordingly, in the region (R2, F-2}, the cut slit 135-2 may separate the 131-22/132-22 stair into
two portions and separate the 131-12/132-12 stair into two portions.

{0075} Referring to FIG. 10, a cut slit 136-1 1s at a boundary between regions F-1 and F-2
and in the region R-3; and a cut slit 136-2 1s 1n at a boundary between regions F-1 and F-2 and in
the region R-4. A cutshit 137-1 15 at a boundary between regions F-2 and F-3 and in the region
R-3; and a cut slit 137-2 1s in at a boundary between regions F-2 and F-3 and in the region R-4.
{0076} In some embodiments, the cut slits of the BSG structure 130 may extend from a top
of the BSG structure 130 to a portion of the substrate 120. In some embodiments, the cut slits of
the BSG structure 130 may be formed by forming trenches in the BSG structure and the substrate
and filling the trenches with an msulating material via a deposition process. The trenches may
be formed, for example, by forming a mask laver over the BSG structure; patterning the mask
layer by using photolithography to form operungs corresponding to the trenches, and removing
portions of the BSG structure and the substrate exposed by the openings until the trenches reach
a preset depth m the substrate. The deposition process may include, for example, CVD, PVD,
and/or ALD. The msulating matenial can mclude silicon oxide, silicon mitnde, silicon oxynitride,
and/or any other switable msulating materials. In some embodiments, a chemical-mechanical
planarization (CMP) may be used to remove excessive insulating material over after the

deposition.
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{0677} Returning to FIG. 4, a cell-lavers structure including alternatingly arranged layers 13
formed on the BSG structure (S614). Correspondingly, FIGS. 11 to 16 illustrate structures at
certain stages of the process of forming a cell-layers structure.

{00738} FIGS. 11 to 12 illustrate an exemplary stack structure including aliernatingly
arranged sacrificial layers and insulating layers for a celi-layers structure on a BSG structure and
a substrate. FIG. 12 15 a top view, and FIG. 11 s a cross-sectional view along direction A1-A2
n FIG. 12,

{0679} Referring to FIGS. 11 and 12, a stack structure including alternatingly arranged
sacrificial layers 142 and msulating layers 141 for the cell-layers structure is deposited on the
BSG structure 130, An insulating layer and an adjacent sacrificial layer may form a tier or a pair.
In some embodiments, the sacrificial layer may include, for example, poly-silicon, poly-
germanium, and/or silicon nitride. In some embodiments, the insulating material may include,
for example, an oxide matenal, such as silicon oxide.

[0080] The number of pairs may be chosen according to various application scenarios. The
number of pairs may be, for example, a positive integer. The number of pairs may be, for
example, 6, 16, 18, 32, 34, 64, 66, 132, 134 or any other suitable numbers, such as a suitable
posiiive integer.

{0081] In some embodiments, the stack structure may include one or more sacrificial
layver/insulating layer pairs, and further may inchude a bottom nsulating layer and/or a top
msulating fayer. For example, the stack may mclude a bottom msulating laver and one or more
sacrificial layer/insulating layer pairs, and the bottom msulating layer 1s in contact with a

sacrificial layer of an adjacent pair. In some embodiments, in a sacrificial layer/imnsulating laver
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pair, the sacrificial layer may be above the insulating layer. In other embodiments, m a
sacrificial layer/insulating layer pair, the insulating layer may be above the sacrificial layer.
[0082] In some embodiments, the cell-layers structure may be a structure that includes
alternating sacrificial fayer/insulating layer pairs that extend to memory cells of the three-
dimensional memory device or alternating electrode/insulating layer pairs that extend to memory
cells of the three-dimensional memory device, if sacrificial layers are replaced with electrodes.
The electrode may be, for example, metal electrodes.

{0083} FIGS. 13 to 15 iHustrate an exemplary cell-layers structure including stairs according
to various embodiments of the present disclosure. FIG. 13 illustrates a top view of the
exemplary cell-layers structure including stairs. FIG. 14 illustrates a cross-sectional view along
direction B1-B2 in FIG. 13, FIG. 15 15 a cross-sectional view along direction C1-C2 n FIG. 13.
C1-C2 1s in the wall region for forming a wall structure, 1 e, region F-1, of the first
semiconductor structure 110

[0084] Referring to FIGS. 13, 14, and 15, portions of the sacrificial layer/insulating layer
pairs of the cell-lavers structure in regions F-2 and F-3 are removed to form layer pairs 141-
12/142-12, 141-22/142-22, 141-32/142-32, 141-42/142-42, and 141-52/142-52 in regions {R-~4,
F-2} and (R-4, F-3), and layer pairs 141-11/142-11, 141-21/142-21, 141-31/142-31, and 141-
41/142-41 o regions (R-3, F-2} and (R-3, F-3).

{8085} Referring to FIGS. 13 and 15, in region F-1, the sacrificial layer 142/insulating layer
141 pairs of the cell-layers structure in region (R-3, F-1} are connected to the sacrificial layer
142/msulating layer 141 pawrs of the cell-layers structure in region (R-4, F-1}. That 15, in region
F-1, the sacrificial layer/insulating layer pairs of the cell-layers structure n region (R-3, F-1)

extend to the sacrificial layer/insulating layer pairs of the cell-layers structure in region (R-4, F-
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1} Accordingly, the sacrificial layer /insulating layer pairs of the cell-layers structure i the first
array region, 1.¢., region AR-1, are connected with the sacrificial layer/insulating layer pairs of
the cell-layers structure in the second array region, L.e., region AR-2 (not shown in FIG. 13).
Region F-1 may be a wall region for forming a wall structure, in which layers of the cell-lavers
structure in region (R-3, F-1) may extend to the layers of the cell-layers structure in region {R-4,
F-1).

{0036} In some embodiments, layer pairs 141-12/142-12, 141-32/142-32, and 141-52/142-
52 may form stairs; and layer pairs 141-21/142-21 and 141-41/142-41 may form stairs. With the
above-described connections in region F-1, region R-3 and region R-4 may share stairs. For
example, layer pair 141-12/142-12 may serve as a stair for itself and for layer pair 141-11/142-11;
layer pair 141-32/142-32 may serve as a stair for tiself and for layer pair 141-31/142-31; laver
pair 141-21/142-21 may serve as a stair for uself and for layer pair 141-22/142-22; and layer pair
141-41/142-41 may serve as a stair for itself and for layer pair 141-42/142-42. The sharing of
the stairs may reduce the number of stairs and, thus, reduce lengths of the staircases.

{0087] In other embodiments, laver pairs on one side of central plane O1-0O2 may each form
a stair, and layer pairs on another side of central plane O1-02 may each form a stawr.

{B088] In some embodiments, the stairs in the cell-layers structure may include stairs for
word hines. In some embodiments, the stairs in the cell-layers structure may mclude stairs for
word lines and/or stairs for one or more top select gates. In some embodiments, the stairs i the
cell-layers structure may include stairs for word lines, and stairs for one or more top select gates
may be further formed over the stawrs for word lines.

{6089} Forming the cell-layers structure (8614} may further include forming one or more

msulating fayers. The insulating layers may be formed over the alternatingly arranged sacrificial
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lavers and mmsulating layers of the celi-lavers structure; and space between the stairs of the cell-
lavers structure. The insulating layer may include, for example, oxide. The insulating layers
may be formed by depositing msulating materials via a deposition process, such as a chemical
vapor deposition (CVE) process, a physical vapor deposition (PVE} process, and/or an atomic
layer deposttion {ALD) process; and removing excess insulating materials via a planarization
process, such as a chemical-mechanical-planarization (CMP).

{0090} The cell-layers structure may further include NAND strings in the first and second
array regions. A NAND string may be, for example, a memory string including NAND memory
cells. FIG. 16 illustrates a schematic view of structures in an exemplary array region. The array
region of the cell-layers structure includes a plurality of NAND strings 152, The array region
may be, for example, the first array region or the second array region.

{009 1] The plurality of NAND strings 152 may be formed on a doped region 122 of the
substrate 120 and may extend vertically through alternatingly arranged sacrificial layers 142 and
msulating layers 141 and an msulating layer 143, The NAND string 152 may include an
epitaxial layer 1353, a semiconductor channel 135, and a dielectric layer 156, and an insulating
layer 154. The epitaxial layer 153 may be at the lower end of the NAND string 152 and may
contact both the semiconductor channel 155 and a doped region 122 of substrate 120, The
epitaxial fayer 153 may serve as a chanunel controlled by a select gate at the lower end of the
NANID string, such as a bottom select gate. In some embodiments, the semiconductor

channel 155 may include silicon, such as amorphous silicon, polysilicon, and/or single
crystalline silicon. In some embodiments, the dielectric layer 156 may include a tunneling laver,
a storage layer, and a blocking layer. The NAND string 152 may have, for example, a cylinder

shape. In some embodiments, the tunneling layer, the storage layer, and the blocking layer may
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be arranged in such order from a center toward the outer surface of the cylinder. For example,
the tunneling layer may be close to the semiconductor channel 155, the storage layer 1s farther
from the semiconductor channel 155 than the tunneling layer 1s; and the blocking layer 15 farther
from the semiconductor channel 155 than the storage laver. The NAND string 152 may be in
contact with the alternatingly arranged sacrificial layers 142 and insulating layers 141, and
alternatingly arranged sacrificial layers 132 and msulating layers 131,

{0092} Returning to FIG. 4, channels extending through the BSG structure and the cell-
layers structure are formed (8615}, Correspondingly, FIGS. 17 to 18 show structures at certain
stages of the process of forming channels. FIG. 17 illustrates a top view. FIG. 18 is a cross-
sectional view along direction E1-E2 in FIG. 16

{0093} Referring to FIGS. 17 and 18, a plurality of channels 151 are formed. Referring to
FIG. 18, the plurality of channels 151 may extend through the BSG structure and the cell-layers
structure from a top portion of the cell-layers structure 130 to a portion of the substrate 120, For
example, the plurality of channels 151 may extend from an msulating layer 143 at a top portion
of the cell-layers structure 130 to a portion of the substrate 120, In some embodiments, the
plurality of channels may inchude dunmuny channels, such as duromy channels in the region SSR.
The dummy channels may support one or more stacks and layers during removal of sacrificial
layers.

{0094] In some embodiments, an insulating layver may be further formed on the cell-layers
structure. For details about forming insulating layer, references can be made to the above
descriptions.

{0695] Returning to FIG. 4, one or more gate-line slits are formed between a plurality of

finger regions of the threg-dimensional memory device (5616). FIGS. 19 to 20 show structures
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at certain stages of the process of forming one or more gate-hine shts. FIG. 19 15 a top view and
FIG. 20 13 a cross-sectional view along direction G1-G2 m FIG. 19,

{0696] Referring to FIGS. 19 and 20, a gate-tine slit 161 1s formed between regions F-1 and
F-2, so as to distinguish the two finger regions. The gate-line shit 161 mcludes a plurality of
gate-line sub-slits 161-1, 161-2, 161-3, 161-4, 161-5 and 161-6, each extending vertically
through BSG structure and the cell-layers structure and extending into a portion of the substrate
120. For example, the plurality of gate-line sub-slits 161-1, 161-2, 161-3, 161-4, 161-5 and 161-
6 may extend along Z direction or -Z direction from an insulating layer 144 mto the substrate
120. Between the plurality of gate-line sub-slits 161-1, 161-2, 161-3, 161-4, 161-5 and 161-6,
there are a plurality of inter portions or inter-sub-slit portions 162-0, 162-1, 162-2, 162-3, 162-4,
and 162-5. If alternatingly arranged sacrificial layers and insulating layers of the cell-layers
structure exist on both the first finger region and the second finger region and adjacent to an
inter~sub-slit portion, the alternatingly arranged sacrificial lavers and insulating layers of the cell-
layers structure in the first finger region may be connected to the alternatingly arranged
sacrificial layers and insulating layers of the celi-lavers structure in the second finger region via
the inter-sub-shit portion. For example, insulating layer 141/sacrificial layer 142 pairs in the first
finger region may be connected to mmsulating layer 141/sacnificial layer 142 pawrs 1o the second
finger region via the inter-sub-sht portion 162-4. Similarly, insulating layer 141/sacnificial layer
142 pawrs in the first finger region may be connected to insulating laver 141 /sacrificial layer 142
pairs in the second finger region via the nter-sub-shit portion 162-3. Adjacent to mter-sub-slit
portion 162-0, 162-1, and 162-2, insulating layer 141/sacrificial layer 142 pairs may exist in the
first finger region, and insulating layer 141/sacrificial layer 142 pairs may be removed in the
second finger region.

37



10

WO 2021/237403 PCT/CN2020/092081

{0697] In some embodiments, the cut slit 136-1 may be between one or more 1nsulating
layer/sacrificial layer pairs of the BSG structure n region (R3, F-1) and one or more imnsulating
layer/sacrificial layer pairs of the BSG structure n region (R3, F-2}. Accordingly, at the cut shit
136-1, one or more msulating layer/sacrificial laver pairs of the BSG structure in region (R3, F-1)
may be separated from one or more insulating layer/sacrificial layer pairs of the BRG structure in
regton (R3, F-2) by the cut slit 136-1.

{0098} In some embodiments, the cut slit 136-2 may be between one or more insulating
layer/sacrificial layer pairs of the BSG structure in region (R4, F-1} and one or more insulating
layer/sacrificial layer pairs of the BSG structure in region (R4, F-2). Accordingly, at the cut slit
136-2, the one or more insulating layer/sacrificial layer pairs of the BSG structure in region (R4,
F-1) may be separated from the one or more insulating layer/sacrificial layer pairs of the BSG
structure in region (R4, F-2) by the cut shit 136-2.

[0099] In some embodiments, sacrificial layers in the BSG structure and sacrificial layers m
the cell-layers structure may be removed to form horizontal trenches between msulating layers in
the BSG structure and horizontal trenches between insulating layers o the cell-layers structure.
Further, a plurality of electrodes may be formed in horizontal trenches. The plurality of
electrodes may mclude a plurality of word lines, and one or more bottom select gates. In some
embodiments, the plurality of electrodes may further include, for example, one or more top select
gates. FIG. 21 illustrates a cross-sectional view along direction GI1-G2 in FIG. 19 after
sacrificial layers in a 3D memory device are removed and a plurality of electrodes are formed.
{00108]  Referrimg to FIGS. 19 and 21, the gate-line shit 161 1s between regions F-1 and F-2,

so as to distinguish regions F-1 and F-2.
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{00161]  For electrodes 142e and msulating layers 141 of the cell-layers structure existing
both region F-1 and the region F-2, adjacent to an mter-sub-sht portion, and at same heights with
respect to a substrate surface, the electrodes and mmsulating layers of the cell-layers structure in
the first finger region may be connected to the electrodes and insulating layers of the cell-lavers
structure in the second finger region at the inter-sub-slit portion.

{001062] Insome embodiments, the electrodes 142¢ of the cell-lavers structure may include,
for example, one or more word lines. In some embodiments, the electrodes 142¢ of the cell-
layers structure may include, for example, one or more word lines and/or ong or more top select
zates.

{001083]  In some embodiments, electrode 142e/insulating layer 141 pairs in the first finger
region may be connected to electrode 142e/insulating layer 141 pairs in the second finger region
at the inter-sub-slit portion 162-4. Accordingly, word lines in the first finger region may be
connected to, e.g., electrically connected to, word lines in the second finger region at the inter-
sub-slit portion 162-4.

[00104]  Insome embodiments, electrode 142e/mnsulating laver 141 pairs in the first finger
region may be connected to electrode 142e/insulating layer 141 pairs in the second finger region
at the mter-sub-shit portion 162-3. Accordingly, word ines 10 the region first finger region may
be connected to, e.g., electrically connected to, word hines in the second finger region at the
mter~-sub-slit portion 162-3.

{881058]  One or more electrode/insulating layer pairs in the BSG structure 130 may include,
for example, an electrode 132-1¢ /insulating layer 131-1 pair and/or an electrode 132~
Ze/insulating layer 131-2 pair. The electrode 132-1e and the electrode 132-2e may be bottom

select gates.
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{00106] Insome embodiments, a cut slit may be between one or more electrode/nsulating
faver pairs in the BRG structure 1n the region F-1 and one or more electrode/insulating layer pairs
m the BSG structure 1n the region F-2; and at the cut slit, the cut shit may separate the one or
more electrode/insulating layer pairs i the BSG structure in region F-1 from the one or more
electrode/insulating layer patrs in the BSG structure in region F-2, and accordingly separate
bottom select gates in the BSG structure in region F-1 from bottom select gates in the BSG
structure in region F-2.

{00187} Insome embodiments, a cut slit may be between one or more electrode/insulating
layer pairs in the BSG structure in the region F-2 and one or more electrode/insulating layer pairs
in the BSG structure in the region F-3; and at the cut slit, the cut shit may separate the one or
more electrode/insulating laver pairs in the BSG structure in region F-2 from the one or more
electrode/insulating layer pairs in the BSG structure in region F-3, and accordingly separate
bottom select gates in the BSG structure n region F-2 from bottom select gates in the BSG
structure in region F-3.

[00108]  For example, referring to FIG. 20, the cut shit 136-1 may be between one or more
electrode/insulating layer pairs in the BSG structure in region (R3, F-1) and one or more
electrode/insulating layer pairs n the BSG structure 1 region {R3, F-2). Accordingly, at the cut
stit 136-1, the one or more electrode/insulating layer pairs of the BSG structure in region (R3, F-
1) may be separated from the one or more electrode/msulating layer pairs of the BSG structure o
region {R3, F-2) by the cut slit 136-1; and at the cut slit 136-1, bottor select gates n region (R3,
F-1) may be separated from bottom select gates in region (R3, F-2) by the cut slit 136-1,

{06109]  As another example, the cut slit 136-2 may be between one or more

electrode/insulating layer pairs in the BSG structure in region (R4, F-1) and one or more
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electrode/insulating layer pairs in the BSG structure in region (R4, F-2). Accordingly, at the cut
shit 136-2, the one or more electrode/insulating layer patrs of the BSG structure in region (R4, F-
1) may be separated from the one or more electrode/insulating layer pairs of the BSG structure in
region (R4, F-2) by the cut shit 136-2; and at the cut shit 136-2, bottom select gates in region (R4,
F-1) may be separated from bottom select gates 1n region (R4, F-2) by the cut shit 136-2,

{00118}  FIG 22 illustrates a schematic view of orthogonal projections of exemplary gate-line
shits and cut slits on the substrate according to various embodiments of the present disclosure.
The cut shits, such as cut-slits 135-1, 135-2, 136-1, 136-1, 137-1, and 137-2, may extend
vertically through the BSG structure, e g, extend vertically from a top of the BSG structure to a
portion of the substrate. Accordingly, a cut slit may separate layers, stairs, and/or electrodes in
the BSG structure on two sides of the cut slit. That 1s, layers, stairs, and/or electrodes in the BSG
structure on one side of the cut shit are separated from layers, stairs, and/or electrodes in the BSG
structure on another side of the cut slit. A plurality of gate-line slits, such as gate-line slits 161,
163, 165, and 167 may extend vertically through the cell-layers structure and the BSG, and may
extend vertically into a portion of the substrate. The gate-line slit 161 may mclude a plurality of
gate line sub-slits 161-1, 161-2, 161-3, 161-4, 161-3, and 161-6; and the gate-line slit 163 may
mclude gate line sub-shits 163-1, 163-2, 163-3, and 163-4.

{86111] Insome embodiments, one or more gate-line shits may extend vertically through the
BSG structure and the cell-layers structure, and extend vertically into a portion of the substrate,
to distinguish a plurality of finger regions of the three-dimensional memory device.

[80112]  Insome embodiments, referring to FIG. 22, at an inter~-sub-shit portion between gate
line sub-slits 161-1 and 161-3, one or more bottom select gates of the first finger region n

regions R-1 may be connected to one or more bottom select gates in a {irst portion P11 of the
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second finger region. Accordingly, the one or more bottom select gates o the first finger region
and the one or more bottom select gates 1n the first portion P11 of the second finger region may
be connected to NAND strings of the first array region {region AR-~1) in the first finger region,
and server as bottom select gates for the NAND strings of the first array region {region AR-1}
and in the first finger region.

{08113}  The one or more bottom select gates in the first portion P11 of the second finger
region include BSG stairs suitable for forming contacts thereon, and contacts may be formed on
the one or more bottom select gates in the first portion P11 of the second finger region and for
the NAND strings of the first array region in the first finger region. That is, contacts may be
formed on stairs of the one or more bottom select gates in the first portion P11 of the second
finger region; the stairs of the one or more bottom select gates in the first portion P11 of the
second finger region may correspond to the NAND strings of the first array region in the first
finger region; and the contacts may be for the NAND strings of the first array region in the first
finger region.

[80114] In some embodiments, the first portion of the second finger region may be in region
R-1. In other embodiments, the first portion of the second finger region may be in regions R-1
and R-3.

{801158]  The one or more bottom select gates in the first portion P11 of the second finger
region may be separated from one or more bottom select gates in the second portion P21 of the
second finger region by cut slits 135-1 and 136-1 and gate-line sub-shits 161-3, and 161-5.
{88116]  The one or more bottom select gates in the second portion P21 of the second finger

region may be connected to NAND sirings of the region AR-1 in the second finger region, and

3]
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server as bottom select gates for the NAND strings of the region AR-1 and 1u the second finger
region.

{60117]  Contacts may be formed on the one or more bottom select gates in the second portion
P21 of the second finger region, for the NAND strings of the region AR-1 n the second finger
region. That is, contacts may be formed on stairs of the one or more bottom select gates in the
second portion P21 of the second finger region, for the NAND strings of the region AR-1 in the
second finger region; the stairs of the one or more bottom select gates in the second portion P21
of the second finger region may correspond to the NAND strings of the region AR-1 in the
second finger region; and the contacts may be for the NAND strings of the region AR-1 in the
second finger region.

{00118} At an inter-sub-slit portion between gate line sub-shits 161-3 and 161-5, a plurality of
word lines in the first finger region may be connected to, e.g., electrically connected to, a
plurality of word lines 1n the second finger region.

[00119]  One or more bottom select gates in the second portion P21 of the second finger
region may be separated from one or more bottom select gates of the third finger region 1n
regions R-1 and R-3 by cut slit 137-1 and gate-line sub-shits 163-1 and 161-3.

{80128]  The one or more bottom select gates of the thurd finger region 1 regions R-1 and R-3
may be connected to NAND strings of the region AR-1 in the third finger region, and server as
bottom select gates for the NAND strings of the region AR-1 in the third finger region.

{80121]  The one or more bottom select gates in region R-1 may include, for example, a first
bottom select gate extending into region R-11, and a second bottom select gate extending into
region R-12. A stair of the first bottom select gate may extend into region R-11, and a stair of

the second bottom select gate may extend into region R-12.
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[00122] At an mter-sub-slit portion between gate line sub-shits 163-1 and 163-3, a plurality of
word hines i the second finger region may be connected to, e.g., electrically connected o, a
plurality of word hines 1n the third finger region in regions R-1 and R-3.

{00123] Insome embodiments , referring to FIG. 22, at an inter-sub-slit portion between gate
line sub-shits 161-2 and 161-4, one or more bottom select gates of the first finger region in
regions R-2 and R-4 may be connected to one or more bottom select gates in a first portion P12
of the second finger region. Accordingly, the one or more bottom select gates in the first finger
region and the one or more bottom select gates in the first portion P12 of the second finger
region may be connected to NAND strings of the region AR-2 in the first finger region, and
server as bottom select gates for the NAND strings of the region AR-2 in the first finger region.
{00124]  The one or more bottom select gates in the first portion P12 of the second finger
region may include BSG stairs suttable for forming contacts thereon, and contacts may be
formed on the one or more bottom select gates 1o the first portion P12 of the second finger region
and for the NAND strings of the region AR-2 in the first finger region. That 1s, contacts may be
formed on stairs of the one or more bottom select gates in the first portion P12 of the second
finger region; the stairs of the one or more bottom select gates in the first portion P12 of the
second finger region may correspond to the NAND strings of the region AR-2 in the first finger
region; and the contacts may be for the NAND strings of the region AR-2 in the first finger
Fegion.

{80123]  In some embodiments, the first portion, such as P12, of the second finger region may
be m region R-2. In other embodiments, the first portion of the second finger region may be in

regions R-2 and R-4.
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[00126]  The one or more bottom select gates 1n the first portion P12 of the second finger
region may be separated from one or more bottom select gates in the second portion P22 of the
second finger region by cut shits 135-2 and 136-2 and gate-line sub-shits 161-4 and 161-6.
{08127}  The one or more bottom select gates in the second portion P22 of the second finger
region may be connected to NAND strings of the region AR-2 in the second finger region, and
server as bottom select gates for the NAND strings of the region AR-2 in the second finger
region.

{00128]  Contacts may be formed on the one or more bottom select gates in the second portion
P22 of the second finger region, for the NAND strings of the region AR-2 in the second finger
region. That is, contacts may be formed on stairs of the one or more bottom select gates in the
second portion P22 of the second finger region, for the NAND strings of the region AR-2 in the
second finger region; the stairs of the one or more bottom select gates in the second portion P22
of the second finger region may correspond to the NAND strings of the region AR-2 in the
second finger region; and the contacts may be for the NAND strings of the region AR-2 in the
second finger region.

[00129] At an inter~-sub-slit portion between gate line sub-slits 161-4 and 161-6, a plurality of
word lings n the first finger region may be connected to, e.g., electrically connected to, a
plurabity of word lines in the second finger region.

{88133]  One or more bottom select gates 1n the second portion P22 of the second finger
region may be separated from one or more bottom select gates in the third finger region in

regions R-2 and R-4 by cut shit 137-2 and gate-line sub-shits 163-2 and 163-4.
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[00131]  The one or more bottom select gates 1n the third finger region and in regions R-2 and
R-4 may be connected to NAND strings of the region AR-2 in the third finger region, and server
as bottom select gates for the NAND strings of the region AR-2 in the third finger region.
{00132]  The one or more bottom select gates in region R-2 may include, for example, a first
bottom select gate extending into region R-21, and a second bottom select gate extending into
region R-22. That is, a stair of the first bottom select gate may extend into region R-21, and a
stair of the second bottom select gate may extend into region R-22.

{00133]  Atan inter-sub-slit portion between gate line sub-shits 163-2 and 163-4, a plurality of
word lines in the second finger region may be connected to, e.g., electrically connected to, a
plurality of word lines in the third finger region in regions R-2 and R-4.

{00134]  In some embodiments, gate-line slits or gate-line sub-slits may be symmetric with
respect to the central plane O1-02 of the staircase-structure region. For example, referring to
FIG. 22, gate-line sub-slus 161-1 and 161-2 are symmetric with respect to the central plane O1-
Q2 of the staircase-structure region; gate-line sub-slits 161-3 and 161-4 are symmetric with
respect to the central plane O1-02; gate-line sub-slits 161-5 and 161-6 are symmetric with
respect to the central plane O1-02; gate-line sub-slits 163-1 and 163-2 are symmetric with
respect to the central plane O1-02; and gate-line sub-slits 163-3 and 163-4 are symmetric with
respect to the central plane O1-02.

{80133]  Insome embodiments, cut slits may be symmetric with respect to the central plane
(01-02. For example, referring to FIG. 22, cut slits 135-1 and 135-2 are symmetric with respect
to the central plane O1-02; cut slits 136-1 and 136-2 are symmetric with respect to the central
plane O1-02; and cut shits 137-1 and 137-2 are symmetric with respect to the central plane O1-

02,
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{80136]  Insome embodiments, an orthogonal projection of a cut slit on the substrate may
melude one or more straight-line segments. For example, the orthogonal projection of cut slit
136-1 15 a straght-line segment. In some embodiments, the orthogonal projection of a cut shit,
such as cut slit 135-1 or 135-2, may include two straight line segments, and an angle between the
two straight line segments may be approximately 90 degrees. In other embodiments, two
straight line segments of an orthogonal projection of a cut slit may be approximately 70 degrees,
75 degrees, 80 degrees, 85 degrees, 90 degrees, 95 degrees, 100 degrees, 105 degrees, 110
degrees, or any other suitable angles.

{00137}  Returning to FIG 4, contacts are formed m the BSG structure and the cell-layers
structure (8617). Correspondingly, FIG. 23 illustrates structures at certain stage of the process of
forming contacts.

[00138]  Referring to FIG. 23, a plurality of contacts 171 may be formed m the second finger
region and the third finger region in the region SSR. The plurality of contacts may be formed in
region R-0, R~-1, R-2, R-3, and R-4 of the second finger region and the third finger region. The
plurality of contacts may vertically extend, for example, from a top portion of the celi-layers
structure to various depths in the first semiconductor structure 110,

{86139]  Insome embodiments, the contacts 171 may not be formed in the first finger (F-1)
region. For example, the wall structure may be formed 1o the first finger region and may not
mclude contacts formed therein. The wall structure may contain dummy channels {as shown in
FIG. 7).

[80148]  In some embodiments, one or more contacts may extend from a top portion of the
cell-layers structure to stairs of word lines in the cell-layers siructure. In some embodiments,

one or more contacts may extend from a top portion of the cell-layers structure to stairs of
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bottom select gates 1n the BSG structure. In some embodiments, one or more contacts may
extend from a top portion of the cell-layers structure to the substrate 120, e g, to the doped well
121,

{00141} Returning to FIG. 4, a second semiconductor structure including a back-end-of-line
(BEQOL) interconnect layer 13 formed on the first semiconductor structure (8620).
Correspondingly, FIG. 24 illustrates an exemplary 3D memory device including a second
semiconductor structure on a first semiconductor structure according to various embodiments of
the present disclosure.

{00142]  Referring to FIG. 24, the second semiconductor structure 210 1s formed on the first
semiconductor structure 110, The first semiconductor structure 110 may include memory cells,
stairs for word-lines, contacts, channels, bottom select gates, top select gates, staircases etc. A
staircase may include one or more stairs, 1 €. stairsteps. The second semiconductor device 210
may 1nclude a back-end-of-line interconnect layer 211, Electrical connections may be formed
between contacts in the first semiconductor structure 110 and the back-end-of-line interconnect
layer 211,

{00143} The present disclosure provides a 3D memory device. FIG. 24 dlustrates an
exemplary 3D memory device 100 according to various embodiments of the present disclosure.
{00144] Referrmg to FIG. 24, the 3D memory device 100 mcludes a first senuconductor
structure 110 and a second semiconductor structure 210, The second semiconductor structure
210 1s formed on the first semiconductor structure 110, The first semiconductor structure 110
may include, for example, memory cells, NAND strings, stairs for word lines, contacts, channels,
bottom select gates, top select gates, stairs for bottom select gates, stairs for top select gates, etc.

The second semiconductor device 210 may include a back-end-of-line interconnect layer 211.
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Electrical connections may be formed between contacts in the first semiconductor structure 110
and the back-end-of-line 1nterconnect layer 211

[00145] In some embodiments, a finger region, such as a first finger region, a second finger
region, of a third finger region, may include one or more rows of NAND strings.

{00146]  For details of the 3D memory device 100, references can be made to above-
descriptions of method embodiments and structures, such as descriptions related to FIGS. 1-23.
For example, the first semiconductor structure 110 may include gate-line siits and cut slits as
described 1n related to FIG. 22.

{00147}  FIG 25 illustrates another exemplary 3D memory device according to various
embodiments of the present disclosure. Referring to FIG. 25, the 3D memory device 100°
includes a first semiconductor structure 1107 and a second semiconductor structure 210°. The
second semiconductor structure 2107 1s formed on the first semiconductor structure 110°. The
first semiconductor structure 110” may include , for example, memory cells, NAND strings,
stairs for word hines, contacts, channels, bottom select gates, top select gates, staurs for bottom
select gates, stairs for top select gates, etc. The second semiconductor device 2107 may include
a back-end-of-line interconnect layer 2117, Electrical connections may be formed between
contacts in the first semiconductor structure 1107 and the back-end-of-line mterconnect layer
211,

[80148]  Some structures of the 3D memory device 100” may be same as or similar to
structures of the 3D memory device 100, For details of the 3D memory device 1007, references
can be made to above descriptions for method and device embodiments, such as descriptions

about the 3D memory device 100
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[00148]  FIG. 26 llustrates another schematic view of orthogonal projections of gate-line slits
and cut shits of a 3D memory device and in a staircase-structure region on the substrate according
to various embodiments of the present disclosure. The 3D memory device may be, for example,
the 3D memory device 100’

{00150} The cut shits, such as cut-shits 135-1°, 135-27, 136-17, 136-2°, 137-1", and 137-2°,
may extend, for example, vertically through a BS(G structure of first semiconductor structure 110’
and along Z direction from a top of the BSG structure to a portion of a substrate. Accordingly, a
cut shit may separate layers, stairs, and/or electrodes m the BSG structure on two sides of the cut
sht. That s, layers, stairs, and/or electrodes in the BSG structure on one side of the cut slit are
separated from layers, stairs, and/or electrodes in the BSG structure on another side of the cut shit.
A plurality of gate-line slits, such as gate-line slits 1617, 163, 165, and 167", may, for example,
extend vertically through a cell-layers structure and a BSG structure of first semiconductor
structure 110° and extend 1nto a portion of the substrate. The gate-line slit 1617 may mclude a
plurality of gate line sub-shits 161-1°, 161-27, 161-37, 161-4°, 161-57, and 161-6"; and the gate-
line slit 163” may include gate line sub-shits 163-17, 163-2° 163-37, and 163-4",

[00131]  Insome embodiments, an orthogonal projection of a cut slit, such as the cut sht 136-
17, on the substrate, may include one or more hine segments. In some embodiments, an
orthogonal projection of a cut slit, such as the cut shit 135-1°, on the substrate, may mclude one
or more curve segments. In some embodiments, an orthogonal projection of a cut shi, such as
the cut slit 135-27, on the substrate, may include one or more zig-zag segments. In some
embodiments, an orthogonal projection of a cut slit on the substrate may include one or more hine

segments and one or more curve segments. In some embodiments, an orthogonal projection of a
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cut shit may nclude any combination of the above-described shapes and/or any other suitable
shapes.

[00182]  Insome embodiments, cut shits on two sides of a central plane 01-02 may be
asymmetric with respect to the ceniral plane 01-02. For example, cut slits 136-1” and 136-2
are asymmetric with respect to the central plane 01-02. The distance from the cut slit 136-1" to
the central plane (31-02 1s different from the distance from the cut shit 136-2 to the central plane
01-02. A lateral length of the cut slit 136-17 1s different from a lateral length of the cut slit 136-
2.

{00153]  As another example, cut shits 135-1” and 135-2” are asymmetric with respect to the
central plane O1-02. A shape of the cut slit 135-1" 1s different from a shape of the cut slit 135-
2.

{00154]  In some embodiments, gate-line slits or gate-line sub-slits on two sides of the central
plane O1-02 may be asymmetric with respect to the central plane 01-02. For example, gate-
line sub-slits 161-3" and 161-4’ are asymmetric with respect to the central plane O1-02. The
distance from the gate-line sub-slit 161-3” to the central plane O1-02 1s different from the
distance from the gate-line sub-slit 161-4” to the central plane 01-02. A lateral length of the
gate-line sub-slit 161-3” 13 different from A lateral length of the gate-line sub-sht 161-4",
{B0183]  The present disclosure provides a central driver structure. The central driver
structure may mclude a structure in the statrcase-structure region of a three-dimensional memory
device consistent with the present disclosure, such as a staircase-structure region i the above
descriptions. The present disclosure provides a method for a central driver structure. For details
of the method for the central driver structure, references can be made to above descriptions, such

as descriptions associated with FIG. 4,
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{00156} Although the principles and implementations of the present disclosure are
described by using specific embodiments i the specification, the foregomng descriptions of the
embodiments are only intended to help understand the method and core 1dea of the method of the
present disclosure. Meanwhile, a person of ordinary skill in the art may make modifications to
the specific implementations and application range according to the 1dea of the present disclosure.
In conclusion, the content of the specification should not be construed as a limitation to the

present disclosure.
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CLAIMS

What is claimed 1s:

1. A memory device, comprising;
a bottom-select-gate (BS(G) structure, including cut slits formed vertically through the BSG
structure, on a substrate;
a cell-layers structure, formed on the BSG structure; and
gate-line slits, formed vertically through the cell-layers structure and the BSG structure, into
the substrate and arranged along a first lateral direction to distinguish a plurality of finger regions,
wherein:
the gate-line shits include a first gate-line shit between first and second finger regions of
the plurality of finger regions, the first gate-line slit including gate-line sub-shits, and
the cut slits include a first cut-slit, formed in the second finger region and connecting to
a gate-line sub-slit of the first gate-line slit to define a BSG in a first portion of the second
finger region, wherein:
the BSG n the first portion of the second finger region 1s electrically connected to
cell strings in the first finger region through an inter portion between the one gate-line

sub-shit and an adjacent gate-line sub-slit of the first gate-hine sht.

2. The device according to claim 1, wheremn:

the first cut-slit electrically separates the BSG in the first portion of the second finger region

from a BSG in a second portion of the second finger region.

38



WO 2021/237403 PCT/CN2020/092081

3. The device according to claim 2, wherein:
the BS(G n the second portion of the second finger region 1s electrically connected to cell

strings in the second finger region.

4. The device according to claim 3, wherein:
the BS(G in the first portion of the second finger region and the BSG in the second portion

of the second finger region have a same height from the substrate.

5. The device according to claim 1, wherein:
the cut shits further include one or more second cut-slits, each connecting adjacent gate-line

sub-slits in a same gate-line sht.

6.  The device according to claim 1, further including:
dummy channels, formed 1n the plurality of finger regions over the substrate; and
contacts, formed on BSGs of the BSG structure in the plurality of finger regions excluding

the first finger region.

7. The device according to claim 1, wherein:

the first finger region ts defined between a continuous gate-hine shit and the first gate-ling

stit including the gate-line sub-shits.

&  The device according to claim 7, wherein:

a wall structure is formed in the first finger region over the substrate, wherein the wall

39



WO 2021/237403 PCT/CN2020/092081

structure mcludes a stack structure of alternating electrode/msulating layer pairs.

9. The device according to claim 1, wherem:

an orthogonal projection of the cut slits on the substrate includes straight-line segments.

10.  The device according to claim 1, further including:
another BSG structure, wherein:
the substrate includes a staircase-structure region and a doped well is formed in the
staircase-structure region of the substrate, and
the BSG structure and the another BSG structure are formed on the staircase-structure

region of the substrate and on opposite sides of the doped well.

11. The device according to claim 10, wherem:
a top of the BSG structure and a top of the another BSG structure have different heights

from the substrate.

12. The device according to claim 10, wherein:
the substrate further mncludes a first array region and a second array region, and
the staircase-structure region 1s between the first array region and the second array region,

arranged along a second lateral direction.

13. The device according to claim 1, wherein:

the cell-layers structure includes a stack structure of alternating electrode/insulating layer
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paus.

14, The device according to clammn 1, wherein:
a word line in the second finger region over the BSG structure 1s connected to an electrode
layer in the first finger region through the inter portion between the one gate-hine sub-shit and the

adjacent gate-line sub-shit of the first gate-line sht.

15. The device according to claim 1, further including:

an msulating material formed in the cut slits.

16. A method for forming a memory device, comprising;
forming a bottom-select-gate (BSG) structure on a substrate;
formung cut shits vertically through the BSG structure on the substrate;
formung a cell-layers structure on the BSG structure; and
formung gate-line slits that are vertically through the cell-lavers structure and the BSG
structure, into the substrate and arranged along a first lateral direction to distinguish a plurality of
finger regions, wherein:
the gate-line shits nclude a first gate-line shit between first and second finger regions of
the plurality of finger regions, the first gate-line slit including gate-line sub-shits, and
the cut shits include a first cut-slit, formed 1o the second finger region and connecting to
a gate-line sub-slit of the first gate-line shit to define a BSG in a first portion of the second
finger region, wherein:

the BSG in the first portion of the second finger region is electrically connected to
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cell strings n the first finger region through an inter portion between the one gate-tine

sub-slit and an adjacent gate-line sub-siit of the first gate-line shit.

17. The method according to claim 16, wherein:
the first cut-slit electrically separates the BSG in the first portion of the second finger region

from a BSG v a second portion of the second finger region.

18. The method according to claim 17, wherein:
the BSG in the second portion of the second finger region is electrically connected to cell

strings 1n the second finger region.

19. The method according to claim 18, wherein:
the BSG n the first portion of the second finger region and the BSG in the second portion

of the second finger region have a same height from the substrate.

20. The method according to claim 16, wherein:
the cut slits further mnclude one or more second cut-shits, each connecting adjacent gate-line

sub-slits 10 a same gate-line shit.

21, The method according to claim 19, further including:
forming dummy channels in the plorality of finger regions over the substrate; and

forming contacts on BSGs in the plurality of finger regions excluding the first finger region.
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22, The method according to claim 16, wheren:
the first finger region 1s defined between a continucus gate-hine sht and the first gate-hine

shit including the gate-line sub-shts.

23. The method according to claim 22, wherein:
a wall structure 1s formed in the first finger region over the substrate, wherein the wall

structure mncludes a stack structure of alternating electrode/insulating layer pairs.

24. The method according to claim 16, wherein:

an orthogonal projection of the cut slits on the substrate includes straight-line segments.

25. The method according to claim 16, further including;
forming another BSG structure, wheremn:
the substrate includes a staircase-structure region and a doped well 1s formed in the
statrcase-structure region of the substrate, and
the BSG structure and the another BSG structure are formed on the staircase-structure

region of the substrate and on opposite sides of the doped well.

26. The method according to claim 25, wherem:

a top of the BSG structure and a top of the another BSG structure have different heights

from the subsirate.
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27. The method according to claim 25, wheren:
the substrate further mcludes a first array region and a second array region, and
the staircase-structure region 1s between the first array region and the second array region,

arranged along a second lateral direction.

28. The method according to claim 16, wherein:
the cell-layers structure includes a stack structure of alternating sacrificial layer/insulating

layer pairs before forming the gate-line slits.

29. The method according to claim 16, wherein:
a word line in the second finger region over the BSG structure 1s connected to an electrode
layer in the first finger region through the inter portion between the one gate-line sub-slit and the

adjacent gate-line sub-shit of the first gate-hine sht.

30. The method according to claim 16, further including;

depositing an insulating material in the cut slus.
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Form a first semiconductor structure

Provide a substrate

Form a BSG structure on the substrate

Form cut slits i the BSG structure

Form a cell-layers structure mcluding alternatingly arranged layers on the
BSG structure

Form channels extending through the BSG structure and the cell-lavers structure

Forming one or more gate-line slits between a plurality of finger regions of the
three-dimensional memory device

Form contacts in the BSG structure and the cell-layers structure

Form a second semiconductor structure mcluding a back-end-of-line
(BEOL) mterconnect layer
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