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(144) that are alternatingly stacked over each other. The channel structures are formed
through the layer stack (140). The isolation structure is formed in one or more of the iso-
lation regions (104), and includes second dielectric layers (141) and third dielectric layers
(142) that are alternatingly stacked over each other.
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THREE-DIMENSIONAL MEMORY DEVICE AND FABRICATION METHOD
THEREQOF

FIELD OF THE TECHNOLOGY

[0001] This application relates to the field of semiconductor technology and, specifically,

to a three-dimensional (3D) memory device and fabrication method thereof.
BACKGROUND OF THE DISCLOSURE

[0002] An NAND memory is a non-volatile type of memory that does not require power
to retain stored data. The growing demands of consumer electronics, cloud computing, and big
data bring about a constant need of NAND memories of larger capacity and better performance.
As conventional two-dimensional (2D) NAND memory approaches its physical limits, three-
dimensional (3D) NAND memory is now playing an important role. 3D NAND memory uses
multiple stack layers on a single die to achieve higher density, higher capacity, faster
performance, lower power consumption, and better cost efficiency.

[0003] A 3D NAND structure is built on a substrate of a memory die. The 3D NAND
structure includes multiple memory planes, each memory plane includes multiple memory blocks,
and each memory block includes a great number of NAND memory cells. The memory planes
are effective areas of the memory die. It is desirable to increase the effective area of the memory
die, or to increase the percentage of the die area used for the memory plane.

[0004] The disclosed devices and methods are directed to solve one or more problems set

forth above and other problems.
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SUMMARY

[0005] In one aspect of the present disclosure, a 3D NAND memory device includes a
substrate, core regions, isolation regions, a layer stack, channel structures, and an isolation
structure. The core regions and isolation regions are arranged over the substrate. Each core
region is surrounded by one or more of the isolation regions. The layer stack is formed in each
core region over the substrate and includes first dielectric layers and conductor layers that are
alternatingly stacked over each other. The channel structures are formed through the layer stack
over the substrate. The isolation structure is formed over the substrate in at least a part of the one
or more of the isolation regions. The isolation structure includes second dielectric layers and
third dielectric layers that are alternatingly stacked over each other.

[0006] In another aspect of the present disclosure, a fabrication method for a 3D NAND
memory device includes providing a substrate for the 3D memory device, arranging core regions
and isolation regions over the substrate, forming in each core region a layer stack that includes
first dielectric layers and second dielectric layers, forming channel structures through the layer
stack over the substrate, etching partially the first dielectric layers to form an isolation structure
in at least a part of the one or more of the isolation regions, and filling cavities left by etching
partially the first dielectric layers with an electrically conductive material to form conductor
layers. Each core region is surrounded by one or more of the isolation regions. The first
dielectric layers and second dielectric layers are stacked over each other alternately. The
isolation structure includes third dielectric layers and fourth dielectric layers that are stacked
over each other alternatingly.

[0007] In another aspect of the present disclosure, a 3D NAND memory device includes

a substrate, a layer stack, channel structures, gate line slit structures, and a dummy channel hole
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structure. The layer stack is formed over the substrate and includes first dielectric layers and
conductor layers that are alternatingly stacked over each other. The channel structures are
formed through the layer stack over the substrate. The gate line slit structures are formed
through the layer stack in a vertical direction over the substrate and in parallel with each other
along a first lateral direction with respect to the substrate. The dummy channel hole structure is
formed through the layer stack over the substrate, adjoins an end of one of the gate line slit
structures, and extends away from the end over a distance that is related to a configuration of
adjacent gate line slit structures.

[0008] Other aspects of the present disclosure can be understood by those skilled in the

art in light of the description, the claims, and the drawings of the present disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIGs. 1A and 1B illustrate top views of an exemplary three-dimensional (3D)
memory device according to various embodiments of the present disclosure;

[0010] FIG. 2 illustrates a cross-sectional view of the 3D memory device shown in FIGs.
1A and 1B at certain stages during an exemplary fabrication process according to various
embodiments of the present disclosure;

[0011] FIG. 3 illustrates a cross-sectional view of an exemplary portion of the 3D
memory device shown in FIG. 2 at certain stage during the exemplary fabrication process
according to various embodiments of the present disclosure;

[0012] FIGs. 4 and 5 illustrate cross-sectional views of exemplary portions of the 3D
memory device shown in FIG. 3 after channel holes are formed according to various

embodiments of the present disclosure;
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[0013] FIG. 6 illustrates a top view of an exemplary portion of the 3D memory device
shown in FIGs. 4 and 5 after dummy channel holes and gate line slits are formed according to
various embodiments of the present disclosure;

[0014] FIG. 7 illustrates a cross-sectional view of an exemplary portion of the 3D
memory device shown in FIGs. 4 and 5 after dummy channel holes and gate line slits are formed
according to various embodiments of the present disclosure;

[0015] FIGs. 8, 9, and 10 illustrate cross-sectional views of exemplary portions of the 3D
memory device shown in FIGs. 6 and 7 at certain stage according to various embodiments of the
present disclosure;

[0016] FIGs. 11, 12, and 13 illustrate cross-sectional views of exemplary portions of the
3D memory device shown in FIGs. 8-10 after certain fabrication steps according to various
embodiments of the present disclosure;

[0017] FIGs. 14 and 15 illustrate cross-sectional views of two exemplary portions of the
3D memory device shown in FIGs. 8-10 after certain fabrication steps according to various
embodiments of the present disclosure;

[0018] FIG. 16 illustrates a cross-sectional view of an exemplary portion of the 3D
memory device shown in FIG. 11 after certain fabrication steps according to various
embodiments of the present disclosure;

[0019] FIG. 17 illustrates a schematic flow chart of fabrication of a 3D memory device
according to various embodiments of the present disclosure;

[0020] FIG. 18 illustrates a top view of an exemplary portion of the 3D memory device
shown in FIGs. 4 and 5 after certain fabrication steps according to various embodiments of the

present disclosure;
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[0021] FIGs. 19 and 20 illustrate a top view and a cross-sectional view of an exemplary
portion of the 3D memory device shown in FIGs. 4 and 5 after certain fabrication steps
according to various embodiments of the present disclosure;

[0022] FIG. 21 illustrates a top view of an exemplary 3D memory structure according to
various embodiments of the present disclosure; and

[0023] FIGs. 22 and 23 illustrate cross-sectional views of two exemplary portions of the
3D memory structure shown in FIG. 21 according to various embodiments of the present

disclosure.

DETAILED DESCRIPTION

[0024] The following describes the technical solutions in the embodiments of the present
disclosure 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 of the embodiments of the present disclosure.
Features in various embodiments may be exchanged and/or combined. Other embodiments
obtained by a person skilled in the art based on the embodiments of the present disclosure
without creative efforts shall fall within the scope of the present disclosure.

[0025] FIGs. 1A, 1B, and 2-16 schematically show fabrication processes of an exemplary
3D memory device 100 according to embodiments of the present disclosure. Among the figures,
top views are in an X-Y plane and cross-sectional views are in an X-Z plane or a Y-Z plane. As
shown in FIGs. 1A and 1B, the 3D memory device 100 includes a 3D memory die 101. The die
101 may include multiple memory planes 102 that may form a 2D array along the X direction
and Y direction with respect to the substrate. The planes 102 may exemplarily include planes 1-

8 as illustrated in FIG. 1A, although any number, more or less than 8, of planes may be included
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in the disclosed memory die. The memory planes may be considered as the core regions of the
3D memory device 100.

[0026] Memory planes are often separated from each other by a dielectric layer in a
staircase region or a dummy staircase region. The dielectric layer is arranged between staircase
structures or between dummy staircase structures. A memory plane may need a staircase
structure for configuring word line contacts. As dummy staircase structures do not provide any
function, a dummy staircase region may be replaced by an isolation region that occupies a
smaller area. As disclosed, isolation regions 104 and 1041, which do not contain dummy
staircase structures, may be formed in the die 101. Since the isolation regions 104 and 1041
occupy a smaller area than a dummy staircase region, as illustrated in descriptions below, the
effective die area and memory density of the 3D memory device 100 may be increased. In some
embodiments, the die 101 may include two staircase regions 103 and isolation regions 104 and
1041, instead of staircase regions 103 and dummy staircase regions, to electrically isolate the
memory planes 102 from each other. The isolation regions 103 and 104 extend between memory
planes along the Y direction, and the isolation region 1041 extends between memory planes
along the X direction. For example, the planes 1 and 2 may be separated by the staircase region
103, the planes 2 and 3 may be separated by the isolation region 104, and the planes 1 and 5 may
be separated by the isolation region 1041.

[0027] As shown in FIGs. 1A and 1B, the die 101 may include regions 105, 106, 107,
and 108. Different structures may be formed in the regions 105-108. Cross-sectional views
along lines AA’ of the region 105, BB’ of the region 106, CC’ of the region 106, DD’ of the
region 107, and EE’ of the region 108 are illustrated in description below in the present

disclosure. Additionally, each memory plane 102 may include multiple memory blocks, such as
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memory blocks 109 as shown in FIG. 1B. In some embodiments, memory cells in a memory
block may be reset together in a block erase operation. For illustration purposes, configurations,
patterns, and/or numbers of the memory planes 102 and/or memory blocks 109 illustrated in
FIGs. 1A and 1B are exemplary, and any other suitable configurations, patterns, and/or numbers
of the memory planes and/or memory blocks may be included in the disclosed memory die.
[0028] FIG. 2 illustrates a cross-sectional structure in an X-Z plane of the 3D memory
device 100 according to embodiments of the present disclosure. The 3D memory device 100 or
the die 101 may include a substrate 110. In some embodiments, the substrate 110 may include a
single crystalline silicon layer. In some other embodiments, the substrate 110 may include a
semiconductor material, such as germanium (Ge), silicon-germanium (SiGe), silicon carbide
(SiC), silicon-on-insulator (SOI), germanium-on-insulator (GOI), polycrystalline silicon
(polysilicon), or a Group III-V compound such as gallium arsenide (GaAs) or indium phosphide
(InP). In some other embodiments, the substrate 110 may include an electrically non-conductive
material such as glass, a plastic material, or a ceramic material. When the substrate 110 includes
glass, plastic, or ceramic material, the substrate 110 may further include a thin layer of
polysilicon deposited on the glass, plastic, or ceramic material. In this case, the substrate 110
may be processed like a polysilicon substrate. As an example, the substrate 110 includes an
undoped or lightly doped single crystalline silicon layer.

[0029] In some embodiments, a top portion of the substrate 110 may be doped by n-type
dopants via ion implantation and/or diffusion to form a doped region 111. The dopants of the
doped region 111 may include, for example, phosphorus (P), arsenic (As), and/or antimony (Sb).
As shown in FIG. 2, a cover layer 120 may be deposited over the doped region 111. The cover

layer 120 is a sacrificial layer and may include a single layer, a multi-layer, or a suitable
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composite layer. For example, the cover layer 120 may include one or more of silicon oxide
layer and silicon nitride layer. The cover layer 120 may be deposited by chemical vapor
deposition (CVD), physical vapor deposition (PVD), atomic layer deposition (ALD), or a
combination thereof. In some other embodiments, the cover layer 120 may include another
material such as aluminum oxide.

[0030] Over the cover layer 120, a sacrificial layer 130 may be deposited. The sacrificial
layer 130 may include a dielectric material, a semiconductor material, or a conductive material.
An exemplary material for the sacrificial layer 130 is polysilicon.

[0031] After the polysilicon sacrificial layer 130 is formed, a layer stack 140 may be
formed. The layer stack 140 includes multiple pairs of stack layers, for example, including a
plurality of first dielectric layers 141 and a plurality of second dielectric layers 142, stacked
alternately over each other. For example, the layer stack may include 64 pairs, 128 pairs, or
more than 128 pairs of the first and second dielectric layers 141 and 142.

[0032] In some embodiments, the first dielectric layers 141 and the second dielectric
layers 142 may be made of different materials. For example, the different materials may include
silicon oxide and silicon nitride. In some embodiments, the first dielectric layers 141 includes a
silicon oxide layer, which may be used as an isolation stack layer, while the second dielectric
layers 142 includes a silicon nitride layer, which may be used as a sacrificial stack layer. The
sacrificial stack layer may be subsequently etched out and replaced by a conductor layer. The
first dielectric layers 141 and the second dielectric layers 142 may be deposited via CVD, PVD,
ALD, or a combination thereof.

[0033] FIG. 3 shows a schematic cross-sectional structure in an X-Z plane (i.e., a

structure 105A) of the 3D memory device 100 according to embodiments of the present
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disclosure. The cross-sectional view shown in FIG. 3 is taken along the line AA” of FIG. 1A.
After the layer stack 140 is formed, a staircase formation process may be performed to trim some
parts of the layer stack 140 (e.g., a portion in a staircase region 103) into staircase structures.
Any suitable etching process, including dry etch and/or wet etch processes, may be used in the
staircase formation process. Two staircase structures may be formed by the etching process in
the staircase region 103. The height of the staircase structure on the right side may increase in a
stepwise manner along the X direction, while the height of the staircase structure on the left side
may decrease in a stepwise manner along the X direction. Channel hole regions 171 and 172 are
next to the staircase region 103, respectively. A dielectric layer 121 is deposited to cover the two
staircase structures and isolate the planes 1 and 2.

[0034] FIGs. 4 and 5 show schematic cross-sectional structures in X-Z planes (i.e.,
structures 105B and 106A) of the 3D memory device 100 after channel holes 150 are formed and
then filled with layer structures according to embodiments of the present disclosure. The cross-
sectional views shown in FIGs. 4 and 5 are taken along the lines AA” and BB’ of FIG. 1A,
respectively. In the structure 105B of FIG. 4, the channel holes 150 are formed in the channel
hole regions 171 and 172, and the staircase region 103 is formed between the channel hole
regions 171 and 172. In the structure 106A of FIG. 5, the channel holes 150 are formed in the
channel hole regions 173 and 174, and the isolation region 104 is formed between the channel
hole regions 173 and 174. The quantity, dimension, and arrangement of the channel holes 150
shown in FIGs. 4 and 5 and in other figures in the present disclosure are exemplary and for
description purposes, although any suitable quantity, dimension, and arrangement may be used
for the disclosed 3D memory device 100 according to various embodiments of the present

disclosure.
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[0035] The channel holes 150 are configured to extend in the Z direction or in a direction
approximately perpendicular to the substrate 110 and form an array of a predetermined pattern
(not shown) in the X-Y plane. FIGs. 4 and 5 only illustrate some of the channel holes 150 that
are in the cross sections in the X-Z planes.

[0036] The channel holes 150 may be formed by, e.g., a dry etch process or a
combination of dry and wet etch processes. Other fabrication processes may also be performed,
such as a patterning process involving lithography, cleaning, and/or chemical mechanical
polishing (CMP). The channel holes 150 may have a cylinder shape or pillar shape that extends
through the layer stack 140, the sacrificial layer 130, the cover layer 120, and partially penetrates
the doped region 111. After the channel holes 150 are formed, a functional layer 151 may be
deposited on the sidewall and bottom of the channel hole. The functional layer 151 may include
a blocking layer 152 on the sidewall and bottom of the channel hole to block an outflow of
charges, a charge trap layer 153 on a surface of the blocking layer 152 to store charges during an
operation of the 3D memory device 100, and a tunnel insulation layer 154 on a surface of the
charge trap layer 153. The blocking layer 152 may include one or more layers that may include
one or more materials. The material for the blocking layer 152 may include silicon oxide, silicon
nitride, silicon oxynitride, a high-k dielectric material such as aluminum oxide or hafnium oxide,
another wide bandgap material, etc. The charge trap layer 153 may include one or more layers
that may include one or more materials. The materials for the charge trap layer 153 may include
polysilicon, silicon nitride, silicon oxynitride, nanocrystalline silicon, another wide bandgap
material, etc. The tunnel insulation layer 154 may include one or more layers that may include

one or more materials. The material for the tunnel insulation layer 154 may include silicon oxide,

10
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silicon nitride, silicon oxynitride, a high-k dielectric material such as aluminum oxide or hafhium
oxide, another wide bandgap material, etc.

[0037] In some embodiments, the functional layer 151 may include an oxide-nitride-
oxide (ONO) structure. In some other embodiments, however, the functional layer 151 may
have a structure different from the ONO configuration. When the ONO structure is used, the
functional layer 151 may include a silicon oxide layer, a silicon nitride layer, and another silicon
oxide layer.

[0038] As shown in FIG. 4, the blocking layer 152 may be, e.g., a silicon oxide layer
deposited on the sidewall of the channel hole 150. The charge trap layer 153 may be, e.g., a
silicon nitride layer deposited on the blocking layer 152. The tunnel insulation layer 154 may be,
e.g., another silicon oxide layer deposited on the charge trap layer 153. A channel layer 155,

also referred to as a “semiconductor channel”, may be, e.g., a polysilicon layer deposited on the
tunnel insulation layer 154. In some other embodiments, the channel layer 155 may include
amorphous silicon. Like the channel holes, the channel layers 155 also extend through the layer
stack 140 and into the doped region 111. As shown in FIGs. 4 and 5, a portion of each
functional layer 151 is configured between a portion of one of the first and second dielectric
layers 141 and 142 and a portion of one of the channel layers 155. The blocking layer 152, the
charge trap layer 153, the tunnel insulation layer 154, and the channel layer 155 may be
deposited by, e.g., CVD, PVD, ALD, or a combination of two or more of these processes. The
channel holes 150 may be filled by an oxide material 156 after the channel layers 155 are formed.
The structure formed in a channel hole 150, including the functional layer 151 and channel layer
155, may be considered as a channel structure.

[0039] In the process described above, the channel holes 150 are etched after the

11
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staircase structures are formed. In some other embodiments, the channel holes 150 may be
formed before the staircase formation process. For example, after the layer stack 140 is
fabricated as shown in FIG. 2, the channel holes 150 may be formed and then the functional
layer 151 and the channel layer 155 may be deposited. After the channel holes 150 are filled
with the oxide material 156, the staircase formation process may be performed to form the
staircase structures in the staircase regions 103.

[0040] FIGs. 6 and 7 show a schematic top view in an X-Y plane and a schematic cross-
sectional structure in an X-Z plane (i.e., structures 106B and 106C) of the 3D memory device
100 after gate line slits 160 and 161 are formed according to embodiments of the present
disclosure. FIG. 6 is an enlarged view of the region 106 of FIG. 1A at a certain stage. The
cross-sectional view shown in FIG. 7 is taken along the line CC” of FIGs. 1A and 6. The 3D
memory device 100 may have a great number of NAND memory cells configured in the layer
stack 140 or residing in the layer stack 140. As described above, the die 101 may be divided into
memory planes 102. Each memory plane 102 may be divided into memory blocks 109 and
memory fingers (e.g., memory fingers 112 and 113) by gate line slits (e.g., the gate line slits 160
and 161). A gate line slit may also be referred to as a gate line slit structure. The gate line slits
160 and 161 are formed extending along a first lateral direction with respect to the substrate, e.g.,
the X direction as shown in FIG. 6. The region 106 as shown in FIGs. 1B and 6 includes a
portion of one memory block 109 and a portion of another memory block 109. Each memory
block 109 may contain memory fingers that are separated by gate line slits. For example, the
portion of the memory block 109 may be divided into memory fingers 112 by the gate line slits
160. The channel holes 150 of the memory finger 112 may be arranged between the gate line

slits 160. Similarly, the channel holes 150 of the memory finger 113 may be arranged between
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the gate line slits 161. The arrangement and pattern of the channel holes 150 and the gate line
slits 160 and 161 as shown in FIGs. 6 and 7 are exemplary and for description of the structure
and fabrication of the 3D memory device 100.

[0041] Before the gate line slits 160 and 161 are formed, dummy channel holes 162 and
163 may be fabricated. The dummy channel holes 162 and 163 and gate line slits 160 and 161
together may provide electrical insulation to separate adjacent memory fingers (or adjacent
memory blocks). Dummy channel holes may also be referred to as dummy channel hole
structures. The dummy channel holes 162 and 163 may be an insulating structure formed by one
or more dielectric materials such as silicon oxide. In some embodiments, the dummy channel
holes 162 and 163 may have a regular shape such as a rectangle in the X-Y plane. In some
embodiments, the dummy channel holes 162 and 163 may have an irregular shape in the X-Y
plane. Take the dummy channel hole 162 for example. As shown in FIG. 6, in some
embodiments, a gate line slit 160 and the dummy channel hole 162 may be parallel, aligned, and
adjoined. The gate line slit 160 may start from a first position (not shown) in the plane 2 and
extend to a second position at the edge of the channel hole region 173 along the first lateral
direction, i.e., the X direction. A corresponding dummy channel hole 162 may join the gate line
slit at the second position and extend from the second position toward the plane 3 along the X
direction. The length of the dummy channel hole 162 along the X direction may be determined
by the arrangement of the channel holes 150 and the gate line slits 160. Similar to the channel
holes 150, in the Z direction, the dummy channel holes 162 may extend through the layer stack
140 and into the doped region 111. For a gate line slit that separates adjacent memory blocks
(not shown), a corresponding dummy channel hole may have a similar structure to that of the

dummy channel hole 162.

13
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[0042] The gate line slits 160 and 161 may be formed by, e.g., a dry etch process or a
combination of dry and wet etch processes. As shown in FIG. 7, the gate line slits 161 may
extend through the layer stack 140 and reach or partially penetrate the sacrificial layer 130 in the
Z direction or in a direction approximately perpendicular to the substrate 110. As such, at the
bottom of the gate line slit 161, the sacrificial layer 130 is exposed. Then, spacer layers (not
shown) may be deposited on the sidewall and bottom of the gate line slits 161 by CVD, PVD,
ALD, or a combination of two or more of these processes. The spacer layers are configured to
protect the first and second dielectric layers 141 and 142 and may include, for example, silicon
oxide and silicon nitride.

[0043] After the spacer layers are deposited, selective etching may be performed such
that parts of the spacer layers at the bottom of the gate line slits 161 are removed by dry etch or a
combination of dry etch and wet etch. Then, the sacrificial layer 130 is exposed again.
Subsequently, a selective etch process, e.g., a selective wet etch process, may be performed to
remove the sacrificial layer 130. Removal of the sacrificial layer 130 creates a cavity and
exposes the cover layer 120 and bottom portions of the blocking layers 152 formed in the
channel holes 150. Next, multiple selective etch processes, e.g., multiple selective wet etch
processes, may be performed to remove the exposed portions of the blocking layer 152, the
charge trap layer 153, and the tunnel insulation layer 154 consecutively, which exposes bottom
side potions of the channel layer 155.

[0044] In some embodiments, the cover layer 120 may be silicon oxide. Then, the cover
layer 120 may be removed when the bottom portions of the functional layers 151 are etched
away. In some other embodiments, the cover layer 120 may include a material other than silicon

oxide or silicon nitride. Then, the cover layer 120 may be removed by one or more additional
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selective etch processes. Removal of the cover layer 120 exposes the top surface of the doped
region 111.

[0045] As such, after the etch processes described above, the doped region 111 and side
portions of the channel layers 155 close to the bottom of the channel hole 150 are exposed in the
cavity left by etching away the sacrificial layer 130 and the cover layer 120. The cavity may be
filled by a semiconductor material, e.g., polysilicon, to form a semiconductor layer 131, e.g., by
a CVD and/or PVD deposition process. The semiconductor layer 131 may be n-doped, formed
on the exposed surface of the doped region 111 and on sidewalls or side portions of the channel
layers 155, and electrically connected to the doped region 111 and the channel layers 155.
[0046] In some other embodiments, a selective epitaxial growth may be performed such
that a layer of single crystalline silicon may be grown on the exposed surface of the doped region
111 and a polysilicon layer may be grown on the exposed surface of the channel layer 155. As
such, the semiconductor layer 131 may include adjoined layers of single crystalline silicon and
polysilicon.

[0047] When the bottom parts of the functional layer 151 and the cover layer 120 are
etched, some spacer layers may be etched away and the rest spacer layers may remain on the
sidewall of the gate line slits 160 and 161 to protect the first and second dielectric layers 141 and
142. After the semiconductor layer 131 is formed, the remaining spacer layers may be removed
in a selective etch process, e.g., a selective wet etch process, which exposes the sides of the
second dielectric layer 142 around the gate line slits 160 and 161. In some embodiments, the
innermost spacer layer, which is in contact with the sidewall, is silicon nitride. Because the
second dielectric layers 142 are also silicon nitride layers, the innermost spacer layer and the

second dielectric layers 142 may be removed together during the etch process, leaving cavities
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143 between the first dielectric layers 141, as shown in FIGs. 8, 9, and 10. As such, the layer
stack 140 is changed into a layer stack 145. FIGs. 8-10 are exemplary cross-sectional views of
structures 106D, 105C, and 106E that are taken along the lines CC’, AA’, and BB’, respectively.
The line AA’ refers to FIG. 1A and the lines BB’ and CC’ refer to FIGs. 1A and 6.

[0048] As shown in FIG. 8 and 9, the second dielectric layers 142 are etched away
completely in the structures 106D and 105C. However, as shown in FIG. 10, certain portions of
the second dielectric layers 142, which are in the middle of the isolation region 104, are not
etched out. For example, when the second dielectric layers 142 are etched, the etch time may be
arranged long enough such that the second dielectric layers 142 that are in a memory finger and
between two gate line slits (e.g., between the gate line slits 160 or 161) are removed completely,
but the etch time may not be long enough to etch away certain portions of the second dielectric
layers 142 that are between two planes, e.g., in the middle of the isolation region 104 of FIG. 10.
The remaining portions of the second dielectric layer 142 and some portions of the first dielectric
layer 141 may form a layered isolation structure that separates the plane 2 from the plane 3 in the
middle of the isolation region 104. In the X-Y plane, the layered isolation structure may extend
along a direction parallel to the substrate 110, e.g., extending between the planes 2 and 3 along
the Y direction. Thus, in the X-Y plane, the direction along which the layered isolation structure
extends between the planes 2 and 3 and the first lateral direction (i.e., the X direction) may be
perpendicular or approximately perpendicular to each other in some embodiments.

[0049] Referring to FIGs. 6, 8, and 10, when the second dielectric layers 142 are etched
away, the cavities 143 are formed in regions of the memory fingers 112 between the gate line
slits 160 and in regions of the memory fingers 113 between the gate line slits 161. If the dummy

channel holes 162 and 163 are not configured (e.g., if the dummy channel holes 162 and 163 are
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removed in FIG. 6), adjacent cavities 143 that are in the adjacent memory fingers and separated
by the gate line slit 160 or 161 may be connected by a portion of the cavity 143 around the end
of the gate line slit 160 or 161. Then, adjacent cavities 143 separated by the gate line slit 160 or
161 may merger together at a place where the dummy channel hole 162 or 163 is located.
Because the dummy channel holes 162 and 163 are configured, cavities 143 in the adjacent
memory fingers do not merge together. Similarly, the dummy channel hole may also be
configured to prevent cavities 143 of adjacent memory blocks (not shown) from merging
together.

[0050] Take the gate line slit 160 for example. When the second dielectric layers 142
between two adjacent gate line slits 160 are etched away, small cavities are initially formed next
to the gate line slits 160 and then the cavities expand during the etch process. In some
embodiments, the minimum length of the dummy channel hole 162 along the X direction may be
a half of the distance between two adjacent gate line slits 160 at the Y direction. When the etch
time is increased, the minimum length of the dummy channel hole 162 along the X direction may
increase accordingly to prevent cavities 143 of two adjacent memory fingers from merging
together. Hence, the minimum length of the dummy channel hole 162 along the X direction is
related to the configuration of adjacent gate line slits 160 and the etching time.

[0051] Referring to FIGs. 6 and 10, in some embodiments, the minimum width of the
isolation region 104 along the X direction may be a given value plus a half of the distance
between adjacent gate line slits 160 at the Y direction. The given value may be arranged to
maintain a minimum separation between the cavities 143 of the planes 2 and 3. When the etch
time is increased, the minimum width of the isolation region 104 along the X direction may

increase accordingly to maintain the minimum separation between the cavities 143.
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[0052] Thereafter, an electrically conductive material such as tungsten (W) may be
grown to fill the cavities 143 left by the removal of the second dielectric layers 142, forming
conductor layers 144 between the first dielectric layers 141. In this manner, the conductor layers
144 fill the cavities 143 of some portions of the layer stack 145, while some other portions of the
layer stack 145 remain unchanged, e.g., still having the alternated first and second dielectric
layers 141 and 142.

[0053] FIGs. 11, 12, and 13 show schematic cross-sectional views in X-Z and Y-Z planes
of structures (i.e., structures 105D, 106F, and 106G) of the 3D memory device 100 after the
conductor layers 144 are formed according to embodiments of the present disclosure. The cross-
sectional views shown in FIGs. 11-13 are taken along the lines AA’, BB’, and CC’, respectively.
The line AA’ refers to FIG. 1A and the lines BB” and CC’ refer to FIGs. 1A and 6.

[0054] After the conductor layers 144 are fabricated, the layer stack 145 is converted to a
layer stack 146. The layer stack 146 includes the first dielectric layers 141 and the conductor
layers 144 that are alternatingly stacked over each other. In some embodiments, before metal W
is deposited in the cavities 143, a dielectric layer (not shown) of a high-k dielectric material such
as aluminum oxide may be deposited, followed by deposition of a layer of an electrically
conductive material such as titanium nitride (TiN) (not shown). Then metal W may be deposited
to form the conductor layers 144. CVD, PVD, ALD, or a combination of two or more of these
processes may be used in the deposition processes. In some other embodiments, another
conductive material, such as cobalt (Co), copper (Cu), aluminum (Al), titanium (T1), tantalum
(Ta), tantalum nitride (TaN), doped silicon, or any combination thereof, may be used to form the

conductor layers 144.
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[0055] As shown in FIG. 12, the conductor layers 144 of the regions 173 and 174 are
separated by the layered isolation structure in the middle of the isolation region 104. The layered
1solation structure is proximate to and between the adjacent planes 2 and 3 in the X direction.
The first dielectric layers 141 from the layer stack 146 and the layered isolation structure contain
the same material. In addition, corresponding first dielectric layers 141 of the layer stack 146
and the layered isolation layer are formed at the same time. Compared to a dummy staircase
region, the isolation region 104 may occupy a smaller die area. For example, a dummy staircase
region may include two dummy staircase structures plus a dielectric layer. The separation
between the two dummy staircase structures alone may be similar to the width of the isolation
region 104 along the X direction. In addition, unlike the layered isolation structure, a dummy
staircase structure gets bigger when the layer stack 146 has more pairs of stack layers. Thus, the
effective die area and memory density of the 3D memory device 100 may be improved.

[0056] Referring again to FIG. 11, 12, or 13, a portion of each functional layer 151 in a
channel hole 150 is between a portion of one of the conductor layers 144 and a portion of a
channel layer 155 in the channel hole 150. Each conductor layer 144 is configured to electrically
connect rows of NAND memory cells in an X-Y plane and is configured as a word line for the
3D memory device 100. The channel layer 155 formed in the channel hole 150 is configured to
electrically connect a column or a string of NAND memory cells along the Z direction and
configured as a bit line for the 3D memory device 100. As such, a portion of the functional layer
151 in the channel hole 150 in the X-Y plane, as a part of a NAND memory cell, is arranged
between a conductor layer 144 and a channel layer 155, i.e., between a word line and a bit line.
A portion of the conductor layer 144 that is around a portion of the channel hole 150 functions as

a control gate or gate electrode for a NAND memory cell. The 3D memory device 100 can be
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considered as including a 2D array of strings of NAND cells (such a string is also referred to as a
“NAND string”). Each NAND string contains multiple NAND memory cells and extends
vertically toward the substrate 110. The NAND strings form a 3D array of the NAND memory
cells.

[0057] After the conductor layers 144 are grown in the cavities 143, an electrical
insulation layer (e.g., a silicon oxide layer) may be deposited on the sidewalls and bottom
surfaces of the gate line slits 160 and 161 by CVD, PVD, ALD, or a combination of two or more
of these processes. Then, a dry etch process or a combination of dry etch and wet etch processes
may be performed to remove the insulation layer at the bottom of the gate line slits to expose
parts of the semiconductor layer 131. Then the gate line slits may be filled with a conductive
material (e.g., doped polysilicon). The conductive material in the gate line slit may become an
electrically conductive channel, extending through the layer stack 146 and electrically contacting
the semiconductor layer 131. In some embodiments, the filled gate line slits become an array
common source, such as an array common source 161C as shown in FIG. 13. In some
embodiments, filling the gate line slits may include depositing an insulation layer, a conductive
layer (such as TiN, W, Co, Cu, or Al), and then a conductive material such as doped polysilicon.
In some other embodiments, some gate line slits may be filled with a dielectric material. In these
cases, some other gate line slits may be filled with a conductive material to work as an array
common source.

[0058] FIGs. 14 and 15 show schematic cross-sectional views in Y-Z and X-Z planes of
structures (i.e., structures 107A and 108 A) of the 3D memory device 100 after the conductor
layers 144 are formed according to embodiments of the present disclosure. The cross-sectional

views shown in FIGs. 14 and 15 are taken along the lines DD’ and EE’ of FIG. 1A, respectively.
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As such, structures 107A and 108 A correspond to regions 107 and 108 of FIG. 1A, respectively.
Referring to FIGs. 14 and 1A, the structure 107A may include channel hole regions 175 and 176
and the isolation region 1041. The channel hole regions 175 and 176 are parts of channel hole
regions of the memory planes 1 and 5, respectively. Array common sources 1601 and 1602 are
formed in the gate line slits. The array common sources 1601 and 1602 and the gate line slits are
adjacent to the isolation region 1041 and parallel to the X direction, 1.e., the first lateral direction.
The isolation region 1041 isolates the planes 1 and 5 in the Y direction and may have a similar
structure to that of the isolation region 104 of FIG. 12.

[0059] For example, the isolation region 1041 may have portions of the second dielectric
layers 142 that are not etched away when the cavities 143 are formed. The remaining portions of
the second dielectric layers 142 and some portions of the first dielectric layers 141 form a
layered isolation structure. The first dielectric layers 141 from the layer stack 146 and the
layered isolation structure contain the same material. Additionally, corresponding first dielectric
layers 141 of the layer stack 146 and the layered isolation layer are formed at the same time. As
shown in FIGs. 1A and 14, a portion of the layered isolation structure may be proximate to and
between the adjacent planes 1 and 5 in the Y direction. In the X-Y plane, the layered isolation
structure may extend between the planes 1 and 5 along the X direction. Thus, the direction along
which the layered isolation structure extends between the planes 1 and 5 and the first lateral
direction are parallel or approximately parallel to each other in the X-Y plane. The planes 1 and
5 may be isolated by the layered isolation structure formed between them.

[0060] The structure 108 A (or the region 108), unlike the structure 107A, corresponds to
a die edge of the die 101 that extends along the Y direction. The plane 1 is adjacent to the edge.

The structure 108 A may include a channel hole region 178 and a boundary region 179. The
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channel hole region 178 represents a portion of a channel hole region of the plane 1. The
boundary region 179 is arranged between the edge of the die 101 and the plane 1 to isolate the
channel hole region 178 from the outside. In some embodiments, the boundary region 179 may
include a staircase structure that may be made in a staircase formation process when the staircase
structure of the region 103 is fabricated. As the staircase structure of the boundary region 179 is
a dummy structure, it may be made steeper than that of the region 103. Additionally, similar to
the staircase region 103, the boundary region 179 may include a dielectric layer 122 that covers
the dummy staircase structure and provide the isolation function.

[0061] FIG. 16 shows a schematic cross-sectional view of a structure 105E of the 3D
memory device 100 after word line contacts 147 are formed according to embodiments of the
present disclosure. The cross-sectional view shown in FIG. 16 is in an X-Z plane and taken
along the line AA’ of FIG. 1A.

[0062] After the gate line slits 160 and 161 are filled, openings for the word line contacts
147 may be formed by, e.g., a dry etch process or a combination of dry and wet etch processes.
The openings for the word line contacts 147 are then filled with a conductive material by CVD,
PVD, ALD, electroplating, electroless plating, or any combination thereof. The conductive
material that forms the word line contacts 147 may include W, Co, Cu, Al, or a combination of
two or more of these materials. In some embodiments, a layer of a conductive material (e.g.,
TiN) may be deposited as a contact layer before another conductive material 1s deposited when
the word line contacts 147 are fabricated.

[0063] Thereafter, other fabrication steps or processes are performed to complete
fabrication of the 3D memory device 100. Details of the other fabrication steps or processes are

omitted for simplicity.
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[0064] As shown in FIGs. 12 and 14-16, a memory plane may be isolated by a staircase
region such as the staircase region 103 or 179, or by an isolation region such as the isolation
region 104 or 1041. In the staircase regions 103 and 179, as illustrated in FIGs. 16 and 15, the
dielectric layer 121 and 122 provide the isolation function. For example, as shown in FIG. 16,
the staircase structure on the left or the right extends from the layer stack 140 to a part of the
region 103, and a portion of the dielectric layer 121 on a side of the staircase structure and in the
part of the region 103 provides isolation. In the isolation regions 104 and 1041, as illustrated in
FIGs. 12 and 14, portions of the first dielectric layers 141 and portions of the second dielectric
layers 142 that are not etched away provide the isolation function. That is, alternating dielectric
layers (e.g., the alternating first and second dielectric layers 141 and 142) form a layered
isolation structure in the isolation region 104 or 1041. Take the isolation region 104 for example.
In the Z direction, the layered isolation structure may extend through the layer stack 146. In the
X direction, the layered isolation structure may extend at least over a given distance in the
middle of the isolation region 104. Furthermore, because dummy channel holes are formed that
join the gate line slits and extend in the X direction (e.g., the dummy channel holes 162 and 163
of FIG. 6), when the second dielectric layers 142 are partially etched, the cavities 143 of adjacent
memory fingers do not merge. Thus, the conductor layers 144 of adjacent memory fingers do
not contact each other, i.e., the conductor layers 144 of adjacent memory fingers are isolated
from each other. Similarly, the conductor layers 144 of adjacent memory blocks (not shown)
may be isolated from each other using the gate line slits and the dummy channel holes.

[0065] Further, as the conductor layers 144 are formed in cavities left by etching away
portions of the second dielectric layers 142, a conductor layer 144 of the layer stack 146 and a

corresponding second dielectric layer 142 of the layered isolation structure are on the same level
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with respect to the substrate 110. Since the first dielectric layers 141 remain unchanged in the
etch process, a first dielectric layer 141 of the layer stack 146 and a corresponding first dielectric
layer 141 of the layered isolation structure are on the same level with respect to the substrate 110.
[0066] As a staircase region (e.g., the staircase region 103 or 179) takes a larger area than
the isolation region 104 or 1041 in the X-Y plane, a 3D memory device that uses fewer staircase
regions for isolation may have a larger effective area and higher memory density. In addition,
for an isolation region, such as the isolation region 104 or 1041, a portion of the layer stack 146
containing alternating layers of dielectric materials (e.g., the first and second dielectric layers
141 and 142) is used for isolation. Hence, unlike a staircase structure where a part of a layer
stack 1s trimmed into a staircase and an etched portion has to be filled by a dielectric material,
the isolation regions 104 and 1041 may induce less stress on the memory planes 102.

[0067] In a conventional 3D memory device, memory planes are separated by staircase
regions and dummy staircase regions. For example, for the planes 1-8 as shown in FIG. 1A, four
staircase and dummy staircase regions may be arranged to separate the planes in a conventional
way. The 3D memory device 100, however, uses two staircase regions and two isolation regions
to separate the planes. Hence, fewer staircase regions are used, the effective area may be
increased, and less stress may be induced among the planes.

[0068] FIG. 17 shows a schematic flow chart 200 for fabricating a 3D memory device
according to embodiments of the present disclosure. The 3D memory device includes a memory
die that has a substrate. At 211, a sacrificial layer may be deposited over a top surface of the
substrate. The substrate may include a semiconductor substrate, such as a single crystalline
silicon substrate. In some embodiments, a cover layer may be grown on the substrate before

depositing the sacrificial layer. The cover layer may include a single layer or multiple layers that
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are grown sequentially over the substrate. In some embodiments, the cover layer may include
silicon oxide, silicon nitride, and/or aluminum oxide. In some other embodiments, the sacrificial
layer may be deposited without first depositing the cover layer over the substrate. The sacrificial
layer may include single crystalline silicon, polysilicon, silicon oxide, or silicon nitride.

[0069] Over the sacrificial layer, a layer stack of the 3D memory device may be
deposited. The layer stack includes a first stack layer and a second stack layer that are
alternately stacked. In some embodiments, the first stack layer may include a first dielectric
layer and the second stack layer may include a second dielectric layer that is different than the
first dielectric layer. In some embodiments, one of the first and second dielectric layers is used
as a sacrificial stack layer.

[0070] At 212, a staircase formation process may be performed to convert some portions
of the layer stack into a staircase region. The staircase formation process may include multiple
etches that are used to trim parts of the layer stack into staircase structures in the staircase region.
The staircase region is configured to separate two adjacent memory planes.

[0071] At 213, channel holes may be formed that extend through the layer stack and the
sacrificial layer to expose portions of the substrate. A functional layer and a channel layer may
be deposited on the sidewall and bottom surface of each channel hole. Forming the functional
layer may include depositing a blocking layer on the sidewall of the channel hole, depositing a
charge trap layer on the blocking layer, and depositing a tunnel insulation layer on the charge
trap layer. The channel layer, deposited on the tunnel insulation layer, functions as a
semiconductor channel and may include a polysilicon layer.

[0072] At 214, dummy channel holes and gate line slits of the 3D memory device may be

formed, respectively. Along the vertical direction, the dummy channel holes and gate line slits
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may extend through the layer stack. The gate line slits divide the channel holes of a memory
plane into memory blocks and divide the channel holes of a memory block into memory fingers.
Each dummy channel hole joins an end of a gate line slit and extends from the end of the gate
line slit along the same horizontal direction. After the gate line slits are created, portions of the
sacrificial layer are exposed.

[0073] At 215, the sacrificial layer may be etched away and a cavity may be created
above the substrate. The cavity exposes a bottom portion of the blocking layer of the functional
layer in the cavity. The cover layer is also exposed in the cavity, if it is deposited on the
substrate. Then, the layers of the functional layer exposed sequentially in the cavity, including
the blocking layer, the charge trap layer, and the tunnel insulation layer, are etched away by, e.g.,
one or more selective etch processes, respectively. As aresult, a portion of the functional layer
that is close to the substrate may be removed in the cavity. The cover layer, if deposited, also
may be etched away during the process to etch the portion of the functional layer or in another
selective etch process. Hence, a potion of the substrate and portions of the channel layers are
exposed in the cavity.

[0074] Thereafter, a deposition process may be performed to grow a semiconductor layer
such as a polysilicon layer in the cavity. The polysilicon layer electrically contacts the channel
layers and the substrate.

[0075] In some embodiments, the layer stack includes two dielectric stack layers and one
of the stack layers is sacrificial. The sacrificial stack layers may be partially etched away at 216
to leave cavities, which then may be filled with an electrically conductive material to form the
conductor layers. The electrically conductive material may include a metal such as W, Co, Cu,

Al, Ti, or Ta. Because the sacrificial stack layers are partially etched, certain portions of the
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sacrificial stack layers remain after the etch process. The remaining sacrificial stack layers and
the other dielectric stack layers are alternately stacked, which may form a layered isolation
structure between two adjacent memory planes. The layered isolation structure electrically
isolates the adjacent memory planes.

[0076] At 217, a dielectric layer such as an oxide layer may be deposited on the side
walls and bottom surfaces of the gate line slits. Portions of the dielectric layer on the bottom
surfaces may be etched out selectively to expose the polysilicon layer. Electrically conductive
materials, such as TiN, W, Cu, Al, and/or doped polysilicon may be deposited in the gate line
slits to form an array common source that electrically contacts the polysilicon layer.

[0077] At 218, etching may be performed to form openings for the word line contacts in
the staircase region. The openings may be filled with a conductive material (e.g., W, Co, Cu, Al)
to form the word line contacts. Thereafter, additional fabrication steps or processes may be
performed to complete fabrication of the 3D memory device.

[0078] FIG. 18 shows a schematic top view in an X-Y plane of a structure (i.e., a
structure 106H) of the 3D memory device 100 after dummy channel holes 164 and 165 and gate
line slits 160 and 161 are formed according to embodiments of the present disclosure. FIG. 18 is
an enlarged view of the region 106 of FIG. 1A at a certain stage. The structure 106H of FIG. 18
is similar to the structure 106B of FIG. 6 but the configuration of the dummy channel holes 164
and 165, dummy channel holes 157, and top select gate (TSG) cuts 166 and 167. The dummy
channel holes 157 may provide mechanical support during a fabrication process. In some
embodiments, a row of dummy channel holes 157 may be configured in the middle of the
memory fingers 112 or 113. For example, when nine rows of channel holes are configured

between two adjacent gate line slits, the middle row (i.e., the fifth row) may be used to form the
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dummy channel holes. The dummy channel hole 157 may be an insulating structure containing
one or more dielectric materials. In some embodiments, the dummy channel hole 157 may have
a similar shape and similar dimensions to that of the dummy hole 150. In some embodiments,
the dummy channel hole 157 may have the same shape and same dimensions as that of the
dummy hole 150.

[0079] In some embodiments, a TSG cut (e.g., the TSG cut 166 or 167) may be formed
that runs through a row of dummy channel holes 157 and extends along the first lateral direction
to divide a memory finger into two portions. The TSG cut 166 or 167 may have a narrower
width than that of the gate line slit 160 or 161 in the Y direction and extend continuously
between the gate line slits. In the vertical direction (i.e., the Z direction), the TSG cut 166 or 167
may extend within a limited range and only partially through the layer stack 146. In some
embodiments, the dummy channel holes 164 and 165 may have a similar shape and similar
dimensions to that of the dummy channel holes 162 and 163. In some embodiments, the dummy
channel holes 164 and 165 may have the same shape and same dimensions as that of the dummy
channel holes 162 and 163.

[0080] Similar to the dummy channel holes 162 and 163, some dummy channel holes
164 and 165 may adjoin a gate line slit and extend toward the middle of the isolation region 104
along the first lateral direction. Similarly, some other dummy channel holes 164 and 165 may
adjoin a TSG cut and extend toward the middle of the isolation region 104 along the first lateral
direction. Besides the dummy channel hole 157, the dummy channel holes 162-165 may also
provide mechanical support during the fabrication process.

[0081] In some embodiments, dummy channel holes different than dummy channel holes

162 and 163 of FIG. 6 are formed, as illustrated in FIGs. 19 and 20. FIGs. 19 and 20 show a top
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view in an X-Y plane and a cross-sectional view in an X-Z plane of structures (i.e., structures
1061 and 1067J) of the 3D memory device 100 after dummy channel holes 168 and 169 and the
gate line slits 160 and 161 are formed according to embodiments of the present disclosure. FIG.
19 is an enlarged view of the region 106 of FIG. 1A at a certain stage. The cross-sectional view
in FIG. 20 is taken along a line FF’ of FIG. 19. The dummy channel holes 168 and 169 are
insulating structures formed by one or more dielectric materials. Along the vertical direction, the
dummy channel holes 168 and 169 may extend through the layer stack 146. Each dummy
channel hole 168 or 169 may join an end of a gate line slit and extend from the end of the gate
line slit. Take the dummy channel hole 168 for example. The dummy channel hole 168 may
join the gate line slit 160 at an end of the gate line slit 160 but unlike the dummy channel holes
162-165, the dummy channel hole 168 does not extend along the first lateral direction (i.e., the X
direction). Instead, the dummy channel hole 168 may extend along one or two directions that are
different from the X direction or not parallel to the first lateral direction. For example, as shown
in FIG. 19, the dummy channel hole 168 may extend from an end of the gate line slit 160 along
two directions of the Y axis. In some other embodiments, the dummy channel hole 168 may
extend away from the gate line slit 160 along a direction between the X and Y axes. In some
embodiments, the dummy channel hole 168 may have a regular shape such as arectangle in the
X-Y plane. In some embodiments, the dummy channel hole 168 may have an irregular shape in
the X-Y plane.

[0082] As the main purpose of the dummy channel hole 168 is to electrically isolate two
adjacent memory fingers 112, the configuration of the dummy channel hole 168 may be any that
may achieve the isolation objective. When the dummy channel hole 168 extends in a direction

perpendicular to the first lateral direction, i.e., extending along the Y direction, the minimum
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length of the dummy channel hole 168 along the Y direction in a memory finger region may be a
quarter of the distance between two adjacent gate line slits 160. When the etching time is
increased, the minimum length of the dummy channel hole 168 may increase. Hence, similar to
the dummy channel hole 162, the minimum length of the dummy channel hole 168 is related to
the configuration of adjacent gate line slits 160 and the etching time.

[0083] When the second dielectric layer 142 is etched, the second dielectric layer 142
that is between the gate line slits 160 or in the channel hole region 173 may be etched out
completely. At the same time, the second dielectric layer 142 that is in the 1solation region 104
may be etched partially. As shown in FIG. 20, a portion of the second dielectric layer 142 may
remain in the isolation region 104. As such, a layered isolation structure may be formed between
the adjacent planes 2 and 3. The layered isolation structure contains alternating first and second
dielectric layers 141 and 142 and extends along the Y direction to separate the planes 2 and 3.
[0084] In some embodiments, the dummy channel holes 168 may adjoin the gate line
slits 160, separately, as shown in FIG. 19. In some embodiments, the dummy channel holes 168
that adjoin the gate line slits 160 may be connected to form a single dummy channel hole in a
memory finger or memory block. For example, a single dummy channel hole may extend from
an end of a first gate line to an end of a second gate line slit and then to an end of a third gate
lined slit, and so on. That is, a single dummy channel hole may intersect multiple gate line slits
as it extends along or roughly along the Y direction. When some TSG cuts are configured, the
single dummy channel hole may intersect multiple gate line slits and multiple TSG cuts as it
extends along or roughly along the Y direction. As such, the single dummy channel hole may
“seal” one side of the memory finger 112 completely or “seal” ends of multiple memory fingers

112 on one side completely. In this case, when the second dielectric layers 142 between gate
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line slits 160 are etched out, the second dielectric layers 142 that are in the isolation region 104
may remain intact and be a part of a layered isolation structure.

[0085] FIG. 21 shows a schematic top view in an X-Y plane of an exemplary 3D memory
structure 300 according to embodiments of the present disclosure. As shown in FIG. 21, the 3D
memory structure 300 includes a 3D memory chip 301. The chip 301 may exemplarily include
thirty-two memory planes 302, i.e., planes 1-32, and be divided or diced into four dies along
lines GG” and HH’. For example, one of the dies may include eight planes 1-4 and 9-12. In a
conventional 3D memory device, memory planes are separated by staircase regions such as the
staircase region 103 of FIG. 1A. Consequently in a conventional way, ten staircase regions may
be needed to separate the planes 1-32. The 3D memory structure 300, however, may have four
staircase regions 303 and six isolation regions to separate the planes 1-32. As shown in FIG. 21,
the six isolation regions include three isolation regions 304 that each extend between two
adjacent memory planes (e.g., the planes 2 and 3) and extend along the Y direction. The six
isolation regions also include three isolation regions (not shown) that each extend between two
adjacent memory planes (e.g., the planes 9 and 17) and extend along the X direction. The six
isolation regions may have similar shapes with similar isolation structures.

[0086] In some embodiments, the staircase region 303 of FIG. 21 may have a similar
shape and similar structure to that of the staircase region 103 of FIG. 1A. Similarly, in some
embodiments, the isolation region 304 of FIG. 21 may have a similar shape and similar structure
to that of the isolation region 104 of FIGs. 1A and 12. In some embodiments, the isolation
region that extends between two adjacent memory planes (e.g., the planes 9 and 17) and extends
along the X direction in FIG. 21 may have a similar shape and similar structure to that of the

isolation region 1041 of FIGs. 1A and 14.
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[0087] For example, similar to the staircase region 103 of FIGs. 1A and 16, the staircase
region 303 may include a dielectric layer (such as the dielectric layer 121 of FIG. 16) between
two staircase structures that isolates two adjacent memory planes 302. Similar to the isolation
region 104 of FIGs. 1A and 12, the isolation region 304 may include a layered isolation structure
that contains alternating dielectric layers to isolate adjacent memory planes 302. In addition, the
isolation region 304 may include dummy channel holes. The dummy channel holes may adjoin
the gate line slits respectively and extend along one or two directions to prevent short circuit
between adjacent memory fingers or memory blocks.

[0088] In some embodiments, the edge region of the chip 301 may include a staircase
region such as the staircase region 179 of FIG. 15 for isolation. In some embodiments, the edge
region of the chip 301 may include a layered isolation structure that contains alternating
dielectric layers for isolation to further increase the effective area of the chip 301.

[0089] FIGs. 22 and 23 show schematic cross-sectional views in X-Z and Y-Z planes of
structures (i.e., structures 300A and 300B) of the 3D memory structure 300 after certain
fabrication steps according to embodiments of the present disclosure. The cross-sectional views
shown in FIGs. 22 and 23 are taken along lines II” and JJ” of FIG. 21, respectively. The line II’
runs across a chip edge that is adjacent to the plane 1 and parallel to the Y axis. The line JJ” runs
across a chip edge that is adjacent to the plane 1 and parallel to the X axis. As shown in FIGs. 22
and 23, similar to the 3D memory device 100, the chip 301 may include a substrate 310 (e.g., a
single crystalline silicon substrate), a doped region 311, a semiconductor layer 331, and a layer
stack 346. The layer stack 346 may include first dielectric layers 341 and conductor layers 344
that are stacked over each other alternately. Channel holes 350 may be formed through the layer

stack 346. The channel holes 350 may have a structure similar to that of the channel hole 150 of
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FIG. 4. Functional layers and channel layers similar to the functional layer 151 and the channel
layer 155 of FIG. 4 may be formed in the channel holes 350. The semiconductor layer 331, the
layer stack 346, and the channel holes 350 may be formed in a similar way to that described
above when the 3D memory device 100 is fabricated.

[0090] Referring to FIG. 22, the structure 300A corresponds to a chip edge that is
adjacent to the plane 1 and parallel to the Y axis. A channel hole region 305 represents a portion
of the layer stack 346 that contains the channel holes 350. An isolation region 306 extends
between the chip edge and the plane 1 that is adjacent to the chip edge. In the isolation region
306, a layered i1solation structure may be configured that includes the first dielectric layers 341
and second dielectric layers 342 that are alternately stacked over each other. The isolation region
306 may be formed in the same process when the isolation region 304 is fabricated, during which
the second dielectric layers 342 may be etched partially and some portions of the second
dielectric layers 342 close to the chip edge may remain after the etch process. The remaining
portions of the second dielectric layers 342 close to the chip edge and portions of the first
dielectric layers 341 form the layered isolation structure in the isolation region 306. The first
dielectric layers 341 from the layer stack 346 and the layered isolation structure contain the same
material. In addition, corresponding first dielectric layers 341 of the layer stack 346 and the
layered isolation layer are formed at the same time. In the vertical direction, the layered isolation
structure in the isolation region 306 may extend toward the substrate 310 and reach a region
adjacent to the semiconductor layer 331. In the X-Y plane, the layered isolation structure may be
formed proximate to and between the chip edge and the plane 1 that is adjacent to the chip edge,
and extend along a direction parallel to the chip edge (i.e., parallel to the Y direction). As

adjacent gate line slits (not shown) may extend along a first lateral direction (e.g., the X
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direction), the direction along which the layered isolation structure extends in the isolation region
306 and the first lateral direction may be perpendicular to each other in the X-Y plane.

[0091] Referring to FIG. 23, the structure 300B corresponds to a chip edge that is
adjacent to the plane 1 and parallel to the X axis. A channel hole region 307 represents a portion
of the layer stack 346. The channel hole region 307 may include channel holes 350 and an array
common source 3601 that is formed in a gate line slit. The gate line slit extend along the first
lateral direction (i.e., the X direction). An isolation region 308 is formed proximate to and
between the chip edge and the plane 1 that is adjacent to the chip edge. In the isolation region
308, alayered isolation structure may be arranged that includes the first dielectric layers 341 and
the second dielectric layers 342 that are alternately stacked over each other. The isolation region
308 may be formed in the same process when the isolation regions 304 and 306 are fabricated,
during which the second dielectric layers 342 are etched partially and some portions of the
second dielectric layers 342 close to the chip edge may remain after the etch process. The
remaining portions of the second dielectric layers 342 close to the chip edge and portions of the
first dielectric layers 341 form the layered isolation structure in the isolation region 308. The
first dielectric layers 341 from the layer stack 346 and the layered isolation structure contain the
same material. In addition, corresponding first dielectric layers 341 of the layer stack 346 and
the layered isolation layer are formed at the same time. In the vertical direction, the layered
isolation structure in the isolation region 308 may extend toward the substrate 310 and reach a
region adjacent to the semiconductor layer 331. In the X-Y plane, the layered isolation structure
may be formed between the chip edge and the plane 1 that is adjacent to the chip edge, and

extend along a direction parallel to the chip edge (i.e., parallel to the X direction). Then, the
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direction along which the layered isolation structure extends in the isolation region 308 and the
first lateral direction may be parallel to each other.

[0092] The chip 301 may have dicing streets along the lines GG” and HH” and be diced
or sawed using the dicing streets. The dicing street may have a layered isolation structure,
instead of a dielectric layer between dummy staircase structures. In some embodiments, the
dicing street may be arranged to run through a middle region of the layered isolation structure.
Thus, the four dies of the chip 301 each may be surrounded by layered isolation structures. As
such, less area may be used for isolation in edge regions of the dies, in comparison to edge
regions containing dummy staircase structures.

[0093] Hence, the 3D memory structure 300 may have fewer staircase regions for
isolation between memory planes and in edge regions. As such, the effective area of the chip
301 may be increased and less stress may be induced among memory planes 302.

[0094] Although the principles and implementations of the present disclosure are

described by using specific embodiments in the specification, the foregoing descriptions of the

embodiments are only intended to help understand the present disclosure. In addition, features of

aforementioned different embodiments may be combined to form additional embodiments. A
person of ordinary skill in the art may make modifications to the specific implementations and
application range according to the idea of the present disclosure. Hence, the content of the

specification should not be construed as a limitation to the present disclosure.
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CLAIMS

What 1s claimed i1s:

1. A three-dimensional (3D) memory device, comprising;

a substrate;

a plurality of core regions and a plurality of isolation regions over the substrate, each core
region surrounded by one or more of the plurality of isolation regions;

alayer stack, formed in each core region over the substrate, and including a plurality of
first dielectric layers and a plurality of conductor layers, alternatingly stacked over each other;

a plurality of channel structures, formed through the layer stack over the substrate; and

an isolation structure formed over the substrate in at least a part of the one or more of the
plurality of isolation regions, wherein the isolation structure includes a plurality of second

dielectric layers and a plurality of third dielectric layers alternatingly stacked over each other.

2. The 3D memory device according to claim 1, wherein:

one of the plurality of first dielectric layers and a corresponding one of the plurality of
second dielectric layers are on a same level with respect to the substrate, and one of the plurality
of conductor layers and a corresponding one of the plurality of third dielectric layers are on a

same level with respect to the substrate.

3. The 3D memory device according to claim 1, wherein:

the plurality of first dielectric layers and the plurality of second dielectric layers have a

same material.
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4. The 3D memory device according to claim 1, wherein:

at least a portion of the plurality of core regions forms an array along a first lateral
direction and a second lateral direction perpendicular to the first lateral direction with respect to
the substrate, and the isolation structure is formed between two adjacent core regions along the

first lateral direction and/or between two adjacent core regions along the second lateral direction.

5. The 3D memory device according to claim 1, further including:

a staircase structure, extending from the layer stack to a portion of the one or more of the
plurality of isolation regions; and

a dielectric region for isolation on a side of the staircase structure and in the portion of

the one or more of the plurality of isolation regions.

6. The 3D memory device according to claim 1, further including:

a plurality of gate line slit structures, formed through the layer stack over the substrate
and in parallel with each other along a first lateral direction with respect to the substrate; and

a first dummy channel hole structure, formed through the layer stack over the substrate,
adjoining an end of one of the plurality of gate line slit structures, and extending away there-

from.

7. The 3D memory device according to claim 6, wherein:

the first dummy channel hole structure extends along the first lateral direction with

respect to the substrate.
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8. The 3D memory device according to claim 6, wherein:
the first dummy channel hole structure extends along a direction that is different from the

first lateral direction.

9. The 3D memory device according to claim 6, further including:

a plurality of second dummy channel hole structures, formed vertically through the layer
stack and laterally between two of the plurality of gate line slit structures;

a top select gate (TSG) cut, formed partially through the layer stack, running through the
plurality of second dummy channel hole structures, and extending along the first lateral direction;
and

a third dummy channel hole structure, formed vertically through the layer stack, laterally

adjoining an end of the TSG cut, and extending away there-from.

10. The 3D memory device according to claim 1, wherein each channel structure includes:
a channel layer, extending through the layer stack; and
a functional layer, extending through the layer stack and formed between the channel
layer and the layer stack, the functional layer including a blocking layer, a charge trap layer,

and/or a tunnel insulation layer.

11 A method for fabricating a three-dimensional (3D) memory device, comprising:
providing a substrate for the 3D memory device;
arranging a plurality of core regions and a plurality of isolation regions over the substrate,

each core region surrounded by one or more of the plurality of isolation regions;
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forming a layer stack in each core region over the substrate, the layer stack including a
plurality of first dielectric layers and a plurality of second dielectric layers alternately stacked
over each other;

forming a plurality of channel structures through the layer stack over the substrate;

etching partially the plurality of first dielectric layers to form an isolation structure in at
least a part of the one or more of the plurality of isolation regions, wherein the isolation structure
includes a plurality of third dielectric layers and a plurality of fourth dielectric layers
alternatingly stacked over each other; and

filling cavities left by etching partially the plurality of first dielectric layers with an

electrically conductive material to form a plurality of conductor layers.

12. The method according to claim 11, wherein:

one of the plurality of second dielectric layers and a corresponding one of the plurality of
fourth dielectric layers are on a same level with respect to the substrate, and one of the plurality
of conductor layers and a corresponding one of the plurality of third dielectric layers are on a

same level with respect to the substrate.

13. The method according to claim 11, wherein:

the plurality of second dielectric layers and the plurality of fourth dielectric layers have a

same material.

14. The method according to claim 11, wherein:

at least a portion of the plurality of core regions form an array along a first lateral
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direction and a second lateral direction perpendicular to the first lateral direction with respect to
the substrate, and the isolation structure is formed between two adjacent core regions along the

first lateral direction and/or between two adjacent core regions along the second lateral direction.

15. The method according to claim 11, further including:

trimming the layer stack to form a staircase structure extending from the layer stack to a
portion of the one or more of the plurality of isolation regions; and

forming a dielectric region for isolation on a side of the staircase structure and in the

portion of the one or more of the plurality of isolation regions.

16. The method according to claim 11, further including:
forming a plurality of gate line slit structures through the layer stack over the substrate
and in parallel with each other along a first lateral direction with respect to the substrate; and
forming a first dummy channel hole structure, the first dummy channel hole structure
formed vertically through the layer stack over the substrate, adjoining an end of one of the

plurality of gate line slit structures, and extending away there-from.

17. The method according to claim 16, wherein:

the first dummy channel hole structure extends along the first lateral direction with

respect to the substrate.

18. The method according to claim 16, wherein:

the first dummy channel hole structure extends along a direction that is different from the
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first lateral direction.

19. The method according to claim 16, further including:

forming a plurality of second dummy channel hole structures vertically through the layer
stack and laterally between two of the plurality of gate line slit structures;

forming a top select gate (TSG) cut, the TSG cut extending partially through the layer
stack, running through the plurality of second dummy channel hole structures, and extending
along the first lateral direction; and

forming a third dummy channel hole structure, the third dummy channel hole structure
formed vertically through the layer stack, laterally adjoining an end of the TSG cut, and

extending away there-from.

20. The method according to claim 11, wherein forming the plurality of channel structures
includes:

forming a functional layer extending through the layer stack, the functional layer
including a blocking layer, a charge trap layer, and/or a tunnel insulation layer; and

forming a channel layer, the channel layer extending through the layer stack, and the

functional layer being between the channel layer and the layer stack.

21. A three-dimensional (3D) memory device, comprising;
a substrate;
alayer stack, formed over the substrate, and including a plurality of first dielectric layers

and a plurality of conductor layers, alternatingly stacked over each other;
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a plurality of channel structures, formed through the layer stack over the substrate;

a plurality of gate line slit structures, formed through the layer stack in a vertical direction
over the substrate and in parallel with each other along a first lateral direction with respect to the
substrate; and

a dummy channel hole structure, formed through the layer stack over the substrate,
adjoining an end of one of the plurality of gate line slit structures, and extending away from the

end over a distance related to a configuration of adjacent gate line slit structures.
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