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(57) Abstract: A three-dimensional (3D) memory device includes a first stack structure, a first channel structure, a second stack
structure, and a second channel structure. The first stack structure includes interleaved first conductive layers and first dielectric layers.
The first channel structure extends through the first stack structure along a first direction. The first channel structure includes a first
semiconductor channel, and a first memory film over the first semiconductor channel. The first memory film includes a storage layer.
The storage layer is separated by the first dielectric layers into a plurality of sections.
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THREE-DIMENSIONAL MEMORY DEVICE AND METHOD FOR

FORMING THE SAME

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the benefit of priorities to Chinese Patent Application No.
202110628570.5 filed on June 7, 2021, and Chinese Patent Application No. 202011120882.7

filed on October 19, 2020, both of which are incorporated herein by reference in their entireties

BACKGROUND
[0002] The present disclosure relates to memory devices and methods for forming
memory devices.
[0003] Planar semiconductor devices, such as memory cells, are scaled to smaller sizes

by improving process technology, circuit design, programming algorithm, and fabrication
process. However, as feature sizes of the semiconductor devices approach a lower limit, planar
process and fabrication techniques become challenging and costly. A three-dimensional (3D)
semiconductor device architecture can address the density limitation in some planar

semiconductor devices, for example, Flash memory devices.

SUMMARY

[0004] In one aspect, a 3D memory device is disclosed. The 3D memory device includes
a first stack structure, a first channel structure, a second stack structure, and a second channel
structure. The first stack structure includes interleaved first conductive layers and first dielectric
layers. The first channel structure extends through the first stack structure along a first direction.
The first channel structure includes a first semiconductor channel, and a first memory film over
the first semiconductor channel. The first memory film includes a first storage layer. The second
stack structure includes interleaved second conductive layers and second dielectric layers formed
over the first stack structure. The second channel structure extends through the second stack

structure along the first direction. The second channel structure includes a second semiconductor
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channel, and a second memory film over the second semiconductor channel. The first storage
layer is separated by the first dielectric layers into a plurality of sections.

[0005] In another aspect, a 3D memory device is disclosed. The 3D memory device
includes a plurality of memory structures stacking on each other. Each memory structure
includes a stack structure, and a channel structure. The stack structure includes interleaved
conductive layers and dielectric layers. The channel structure extends through the stack structure
along a first direction. The channel structure includes a semiconductor channel, and a memory
film over the semiconductor channel. The memory film includes a tunneling layer over the
semiconductor channel, a first storage layer over the tunneling layer, and a blocking layer over
the first storage layer. The first storage layer is separated by the dielectric layers into a plurality
of sections.

[0006] In still another aspect, a system is disclosed. The system includes a 3D memory
device configured to store data, and a memory controller. The 3D memory device includes a first
stack structure, a first channel structure, a second stack structure, and a second channel structure.
The first stack structure includes interleaved first conductive layers and first dielectric layers.
The first channel structure extends through the first stack structure along a first direction. The
first channel structure includes a first semiconductor channel, and a first memory film over the
first semiconductor channel. The first memory film includes a first storage layer. The second
stack structure includes interleaved second conductive layers and second dielectric layers formed
over the first stack structure. The second channel structure extends through the second stack
structure along the first direction. The second channel structure includes a second semiconductor
channel, and a second memory film over the second semiconductor channel. The first storage
layer is separated by the first dielectric layers into a plurality of sections. The memory controller
is coupled to the 3D memory device and is configured to control operations of the 3D memory
device.

[0007] In yet another aspect, a method for forming a 3D memory device is disclosed. A
first dielectric stack structure including a plurality of first dielectric layers and a plurality of
second dielectric layers alternatingly arranged is formed. A first channel structure is formed in
the first dielectric stack structure along a first direction. A channel hole is formed in the first
dielectric stack structure along the first direction. The sidewalls of the channel hole include a

recess in the plurality of first dielectric layers. A first storage layer is formed in the recess of the
-0-
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channel hole in the plurality of first dielectric layers. A semiconductor channel is formed over
the storage layer. A dielectric core is formed filling the channel hole. A second dielectric stack
structure is formed over the first dielectric stack structure. The second dielectric stack structure
includes a plurality of third dielectric layers and a plurality of fourth dielectric layers
alternatingly arranged. A second channel structure is formed in the second dielectric stack

structure along the first direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings, which are incorporated herein and form a part of the
specification, illustrate aspects of the present disclosure and, together with the description,
further serve to explain the present disclosure and to enable a person skilled in the pertinent art to
make and use the present disclosure.

[0009] FIG. 1 illustrates a cross-section of an exemplary 3D memory device, according to
some aspects of the present disclosure.

[0010] FIG. 2 illustrates a cross-section of an exemplary stack structure, according to
some aspects of the present disclosure.

[0011] FIG. 3 illustrates a cross-section of another exemplary stack structure, according
to some aspects of the present disclosure.

[0012] FIG. 4 illustrates a cross-section of still another exemplary stack structure,
according to some aspects of the present disclosure.

[0013] FIG. 5 illustrates a cross-section of yet another exemplary stack structure,
according to some aspects of the present disclosure.

[0014] FIG. 6 illustrates a cross-section of another exemplary 3D memory device,
according to some aspects of the present disclosure.

[0015] FIG. 7 illustrates a cross-section of still another exemplary 3D memory device,
according to some aspects of the present disclosure.

[0016] FIGs. 8-19 illustrate cross-sections of an exemplary 3D memory device at
different stages of a manufacturing process, according to some aspects of the present disclosure.
[0017] The present disclosure will be described with reference to the accompanying

drawings.
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DETAILED DESCRIPTION

[0018] Although specific configurations and arrangements are discussed, it should be
understood that this is done for illustrative purposes only. As such, other configurations and
arrangements can be used without departing from the scope of the present disclosure. Also, the
present disclosure can also be employed in a variety of other applications. Functional and
structural features as described in the present disclosures can be combined, adjusted, and
modified with one another and in ways not specifically depicted in the drawings, such that these
combinations, adjustments, and modifications are within the scope of the present discloses.

[0019] In general, terminology may be understood at least in part from usage in context.
For example, the term “one or more” as used herein, depending at least in part upon context, may
be used to describe any feature, structure, or characteristic in a singular sense or may be used to
describe combinations of features, structures or characteristics in a plural sense. Similarly, terms,

29 <C

such as “a,” “an,” or “the,” again, may be understood to convey a singular usage or to convey a
plural usage, depending at least in part upon context. In addition, the term “based on” may be
understood as not necessarily intended to convey an exclusive set of factors and may, instead,
allow for existence of additional factors not necessarily expressly described, again, depending at
least in part on context.

[0020] It should be readily understood that the meaning of “on,” “above,” and “over” in
the present disclosure should be interpreted in the broadest manner such that “on” not only means
“directly on” something but also includes the meaning of “on” something with an intermediate
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 is “above” or “over” something
with no intermediate feature or layer therebetween (i.e., directly on something).

2

[0021] Further, spatially relative terms, such as “beneath,” “below,” “lower,” “above,”
“upper,” and the like, may be used herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as illustrated in the figures. The
spatially relative terms are intended to encompass different orientations of the device in use or
operation in addition to the orientation depicted in the figures. The apparatus may be otherwise

oriented (rotated 90 degrees or at other orientations), and the spatially relative descriptors used

herein may likewise be interpreted accordingly.

-4 -
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[0022] As used herein, the term “layer” refers to a material portion including a region
with a thickness. A layer can extend over the entirety of an underlying or overlying structure or
may have an extent less than the extent of an underlying or overlying structure. Further, a layer
can be a region of a homogeneous or inhomogeneous continuous structure that has a thickness
less than the thickness of the continuous structure. For example, a layer can be located between
any pair of horizontal planes between, or at, a top surface and a bottom surface of the continuous
structure. A layer can extend horizontally, vertically, and/or along a tapered surface. A substrate
can be a layer, can include one or more layers therein, and/or can have one or more layer
thereupon, thereabove, and/or therebelow. A layer can include multiple layers. For example, an
interconnect layer can include one or more conductor and contact layers (in which interconnect
lines and/or via contacts are formed) and one or more dielectric layers.

[0023] As used herein, the term “substrate” refers to a material onto which subsequent
material layers are added. The substrate itself can be patterned. Materials added on top of the
substrate can be patterned or can remain unpatterned. Furthermore, the substrate can include a
wide array of semiconductor materials, such as silicon, germanium, gallium arsenide, indium
phosphide, etc. Alternatively, the substrate can be made from an electrically non-conductive
material, such as a glass, a plastic, or a sapphire wafer.

[0024] As used herein, the term “3D memory device” refers to a semiconductor device
with vertically oriented strings of memory cell transistors (referred to herein as “memory strings,”
such as NAND memory strings) on a laterally-oriented substrate so that the memory strings
extend in the vertical direction with respect to the substrate. As used herein, the term
“vertical/vertically” means nominally perpendicular to the lateral surface of a substrate.

[0025] A 3D semiconductor device can be formed by stacking semiconductor wafers or
dies and interconnecting them vertically so that the resulting structure acts as a single device to
achieve performance improvements at reduced power and a smaller footprint than conventional
planar processes. However, the charge lateral migration issue becomes a major issue of the 3D
semiconductor device. In some 3D memory devices, such as 3D NAND memory devices, a stack
of devices includes memory array devices and peripheral devices. As the shrinkage of the device
size and thickness, the distance between the word lines becomes smaller and smaller. Hence, the
charge lateral migration issue in the channel structure is one of the bottlenecks of the 3D NAND

memory devices.
-5-
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[0026] FIG. 1 illustrates a cross-section of an exemplary 3D memory device 100,
according to some aspects of the present disclosure. 3D memory device 100 includes a memory
structure 101, and a memory structure 103 stacking on memory structure 101. Memory structure
101 includes a first stack structure 102, and a first channel structure 106. Memory structure 103
includes a second stack structure 104, and a second channel structure 108.

[0027] As referred to herein, memory film 110 is a multilayer structure and is an element
to achieve the storage function in the 3D memory devices. For example, memory film 110 may
include a composite layer of silicon oxide/silicon oxynitride/silicon oxide (ONO).
The ONO structure may be formed on the surface of the vertical channel and the ONO structure
(memory film 110) is also located between the vertical channel and the conductive films, such as
word lines. The word lines may serve as a control gate and is electrically or electronically
coupled to memory film 110 in response to a bias.

[0028] First stack structure 102 includes interleaved first conductive layers 110 and first
dielectric layers 112, and the stacked conductive/dielectric layer pairs are also referred to as a
memory stack. In some implementations, first dielectric layers 112 may include dielectric
materials including, but not limited to, silicon oxide, silicon nitride, silicon oxynitride, or any
combination thereof. In some implementations, first conductive layers 110 may form the word
lines and may include conductive materials including, but not limited to, tungsten (W), cobalt
(Co), copper (Cu), aluminum (Al), polysilicon, doped silicon, silicides, or any combination
thereof. First channel structure 106 extends through first stack structure 102 along the y-
direction. First channel structure 106 may include a first semiconductor channel 134, and a first
memory film 132 formed over first semiconductor channel 134. The meaning of “over” here,
besides the explanation stated above, should be also interpreted “over” something from the top
side or from the lateral side.

[0029] FIG. 2 illustrates a cross-section of an exemplary memory structure 103,
according to some aspects of the present disclosure. As shown in FIG. 2, second stack structure
104 includes interleaved second conductive layers 114 and second dielectric layers 116 formed
over first stack structure 102, and the stacked conductive/dielectric layer pairs are also referred to
as a memory stack. In some implementations, second dielectric layers 116 may include dielectric
materials including, but not limited to, silicon oxide, silicon nitride, silicon oxynitride, or any

combination thereof. In some implementations, second conductive layers 114 may form the
-6 -
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word lines and may include conductive materials including, but not limited to, W, Co, Cu, Al,
polysilicon, doped silicon, silicides, or any combination thereof.

[0030] Second channel structure 108 extends through second stack structure 104 along
the y-direction, and second channel structure 108 includes a second semiconductor channel 126,
and a second memory film 118 over second semiconductor channel 126. In some
implementations, second channel structure 108 may also include a dielectric core 128 in the
center of second channel structure 108. In some implementations, second memory film 118
includes a tunneling layer 124 over second semiconductor channel 126, a storage layer 122 over
tunneling layer 124, and a blocking layer 120 over storage layer 122.

[0031] In some implementations, tunneling layer 124 may include silicon oxide, silicon
oxynitride, or any combination thereof. In some implementations, storage layer 122 may include
silicon nitride, silicon oxynitride, silicon, or any combination thereof. In some implementations,
blocking layer 120 may include silicon oxide, silicon oxynitride, high dielectric constant (high-k)
dielectrics, or any combination thereof.

[0032] In some implementations, each word line, e.g., second conductive layers 114, in
the memory stack, e.g., second stack structure 104, functions as a gate conductor of memory cells
in NAND memory string, e.g., channel structure 108. In some embodiments, each word line
(second conductive layer 114) may include the gate conductor made from tungsten, an adhesion
layer including titanium/titanium nitride (T1/TiN) or tantalum/tantalum nitride (Ta/TaN), and a
gate dielectric layer made from high-k dielectric materials. The word lines may extend laterally
coupling a plurality of memory cells.

[0033] As shown in FIG. 2, blocking layer 120, storage layer 122, and tunneling layer
124 of memory film 118 are divided by second dielectric layers 116 into a plurality of sections.
In other words, memory film 118 or partial of memory film 118 in second stack structure 104 is
an inconsecutive structure, and storage layer 122 is fully separated by second dielectric layers
116 into several isolated sections. In addition, second semiconductor channel 126 of second
stack structure 104 is in contact with second dielectric layers 116. In some implementations,
second semiconductor channel 126 of second stack structure 104 is in contact with tunneling
layer 124 and second dielectric layers 116. In some implementations, tunneling layer 124 is in
contact with storage layer 122, second semiconductor channel 126, and second dielectric layers

116. In some implementations, storage layer 122 may include a plurality of trap layers.
-7 -
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[0034] In some implementations, storage layer 122 may include a first trap layer and a
second trap layer arranged along the x-direction. In some implementations, the first trap layer is
in direct contact with blocking layer 120 and is an inconsecutive structure separated by second
dielectric layers 116. In some implementations, the second trap layer is in direct contact with the
first trap layer and may protect the first trap layer in later processes. In some implementations,
the second trap layer is an inconsecutive structure separated by second dielectric layers 116. In
some implementations, the second trap layer is a consecutive structure and may be partially
separated by second dielectric layers 116. In some implementations, tunneling layer 124 may be
formed over the second trap layer. In some implementations, the second trap layer may function
as a tunneling layer, and the formation of tunneling layer 124 may be omitted.

[0035] As shown in FIG. 1, first memory film 132 is a consecutive structure extending
along the y-direction, but second memory film 118 is inconsecutive film divided into several
isolated sections. In some implementations, first semiconductor channel 134 is in contact with
second semiconductor channel 126. In some implementations, first semiconductor channel 134
is in electric contact with second semiconductor channel 126. In some implementations, first
memory film 132 and second memory film 118 are electrically isolated. For example, first
memory film 132 and second memory film 118 may be separated by a dielectric material. In
some implementations, first stack structure 102 and second stack structure 104 may be disposed
on a substrate. In some implementations, a selective epitaxial growth (SEG) structure may be
formed under first channel structure 106.

[0036] By dividing blocking layer 120, storage layer 122, and tunneling layer 124 into a
plurality of isolated sections along the y-direction, partials of second memory film 118 are
divided into several inconsecutive sections. The charge stored in storage layer 122 is isolated
from other storage layers 122 corresponding to different word lines. In other words, the charge
stored in storage layer 122 corresponding to different word lines is isolated from each other.
Hence, the charge migration may be restrained in 3D memory device 100.

[0037] FIG. 3 illustrates a cross-section of another exemplary memory structure 203,
according to some aspects of the present disclosure. Memory structure 203 may include second
stack structure 104 and a channel structure 208. In some implementations, second stack structure
104 of memory structure 203 may be similar to second stack structure 104 of memory structure

103. Channel structure 208 extends through second stack structure 104 along the y-direction.
-8-
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Channel structure 208 may include semiconductor channel 126, and a memory film 218 formed
over semiconductor channel 126. In some implementations, channel structure 208 may also
include dielectric core 128 in the center of channel structure 208. In some implementations,
semiconductor channel 126 and dielectric core 128 of memory structure 203 may be similar to
semiconductor channel 126 and dielectric core 128 of memory structure 103.

[0038] In some implementations, memory film 218 may include a tunneling layer 224
over semiconductor channel 126, a storage layer 222 over tunneling layer 224, and a blocking
layer 220 over storage layer 222. In some implementations, tunneling layer 224 may include
silicon oxide, silicon oxynitride, or any combination thereof. In some implementations, storage
layer 222 may include silicon nitride, silicon oxynitride, silicon, or any combination thereof. In
some implementations, blocking layer 220 may include silicon oxide, silicon oxynitride, high
dielectric constant (high-k) dielectrics, or any combination thereof.

[0039] As shown in FIG. 3, tunneling layer 224 may include a first portion disposed
between two adjacent second dielectric layers 116 and in contact with storage layer 222.
Tunneling layer 224 may further include a second portion physically extended along y-direction
across several second dielectric layers 116. The first portion and the second portion of tunneling
layer 224 are in direct contact with each other. In other words, the first portion and the second
portion of tunneling layer 224 are physically connected. In some implementations, the first
portion and the second portion of tunneling layer 224 may be formed in the same deposition
operation. In some implementations, the first portion and the second portion of tunneling layer
224 may be formed in different deposition operations. In other words, tunneling layer 224 is not
fully inconsecutive along the y-direction, and only blocking layer 220 and storage layer 222 are
fully divided by second dielectric layers 116 into a plurality of isolated sections. In some
implementations, semiconductor channel 126 and second dielectric layers 116 are separated by
the second portion of tunneling layer 224. In some implementations, tunneling layer 224 is in
contact with second dielectric layers 116. In some implementations, storage layer 222 may
include a plurality of trap layers. In some implementations, storage layer 222 may include a first
trap layer and a second trap layer arranged along the x-direction. In some implementations, the
first trap layer is in direct contact with blocking layer 220 and is an inconsecutive structure
separated by second dielectric layers 116. In some implementations, the second trap layer is in

direct contact with the first trap layer and may protect the first trap layer in later processes. In
9.



WO 2022/083299 PCT/CN2021/115807

some implementations, the second trap layer is an inconsecutive structure separated by second
dielectric layers 116. In some implementations, the second trap layer is a consecutive structure
and may be partially separated by second dielectric layers 116. In some implementations,
tunneling layer 224 may be formed over the second trap layer. In some implementations, the
second trap layer may function as a tunneling layer, and the formation of tunneling layer 224
may be omitted.

[0040] By dividing blocking layer 220 and storage layer 222 into a plurality of isolated
sections along the y-direction, partials of memory film 218 are separated into several
inconsecutive sections. The charge stored in storage layer 222 is isolated from other storage
layer 222 corresponding to different word lines. In other words, the charge stored in storage
layer 222 corresponding to different word lines is isolated from each other. Hence, the charge
migration may be restrained in memory structure 203.

[0041] FIG. 4 illustrates a cross-section of still another exemplary memory structure 303,
according to some aspects of the present disclosure. Memory structure 303 includes second stack
structure 104 and a channel structure 308. In some implementations, second stack structure 104
of memory structure 303 may be similar to second stack structure 104 of memory structure 103
or 203. Channel structure 308 extends through second stack structure 104 along the y-direction.
Channel structure 308 may include semiconductor channel 126, and a memory film 318 formed
over semiconductor channel 126. In some implementations, channel structure 308 may also
include dielectric core 128 in the center of channel structure 308. In some implementations,
semiconductor channel 126 and dielectric core 128 of memory structure 303 may be similar to
semiconductor channel 126 and dielectric core 128 of memory structure 103 or 203.

[0042] In some implementations, memory film 318 may include a tunneling layer 324
over semiconductor channel 126, a storage layer 322 over tunneling layer 324, and a blocking
layer 320 over storage layer 322. In some implementations, tunneling layer 324 may include
silicon oxide, silicon oxynitride, or any combination thereof. In some implementations, storage
layer 322 may include silicon nitride, silicon oxynitride, silicon, or any combination thereof. In
some implementations, blocking layer 320 may include silicon oxide, silicon oxynitride, high
dielectric constant (high-k) dielectrics, or any combination thereof.

[0043] As shown in FIG. 4, tunneling layer 324 may be disposed along y-direction

parallel to semiconductor channel 126. In other words, in some implementations, only blocking
-10 -
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layer 320 and storage layer 322 are fully divided by second dielectric layers 116 into a plurality
of isolated sections. In some implementations, semiconductor channel 126 and second dielectric
layers 116 are separated by tunneling layer 324. In some implementations, tunneling layer 324 is
in contact with second dielectric layers 116. In some implementations, storage layer 322 may
include a plurality of trap layers. In some implementations, storage layer 322 may include a first
trap layer and a second trap layer arranged along the x-direction. In some implementations, the
first trap layer is in direct contact with blocking layer 320 and is an inconsecutive structure
separated by second dielectric layers 116. In some implementations, the second trap layer is in
direct contact with the first trap layer and may protect the first trap layer in later processes. In
some implementations, the second trap layer is an inconsecutive structure separated by second
dielectric layers 116. In some implementations, the second trap layer is a consecutive structure
and may be partially separated by second dielectric layers 116. In some implementations,
tunneling layer 324 may be formed over the second trap layer. In some implementations, the
second trap layer may function as a tunneling layer, and the formation of tunneling layer 324
may be omitted.

[0044] By dividing blocking layer 320 and storage layer 322 into a plurality of isolated
sections along the y-direction, partials of memory film 318 are separated into several
inconsecutive sections. The charge stored in storage layer 322 is isolated from other storage
layer 322 corresponding to different word lines. In other words, the charge stored in storage
layer 322 corresponding to different word lines is isolated from each other. Hence, the charge
migration may be restrained in memory structure 303.

[0045] FIG. 5 illustrates a cross-section of yet another exemplary memory structure 403,
according to some aspects of the present disclosure. Memory structure 403 may include second
stack structure 104 and a channel structure 408.

[0046] In some implementations, second stack structure 104 of memory structure 403
may be similar to second stack structure 104 of memory structure 103, 203, or 303. Channel
structure 408 extends through second stack structure 104 along the y-direction. Channel
structure 408 may include semiconductor channel 126, and a memory film 418 formed over
semiconductor channel 126. In some implementations, channel structure 408 may also include

dielectric core 128 in the center of channel structure 408. In some implementations,
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semiconductor channel 126 and dielectric core 128 of memory structure 403 may be similar to
semiconductor channel 126 and dielectric core 128 of memory structure 103, 203, or 303.

[0047] In some implementations, memory film 418 may include a tunneling layer 424
over semiconductor channel 126, a storage layer 422 over tunneling layer 424, and a blocking
layer 420 over storage layer 422. In some implementations, tunneling layer 424 may include
silicon oxide, silicon oxynitride, or any combination thereof. In some implementations, storage
layer 422 may include silicon nitride, silicon oxynitride, silicon, or any combination thereof. In
some implementations, blocking layer 420 may include silicon oxide, silicon oxynitride, high
dielectric constant (high-k) dielectrics, or any combination thereof.

[0048] As shown in FIG. 5, storage layer 422 is surrounded by tunneling layer 424 and
blocking layer 420. Tunneling layer 424 is in contact with semiconductor channel 126, second
dielectric layers 116, blocking layer 420, and storage layer 422. In other words, storage layer
422 is fully surrounded by blocking layer 420 and tunneling layer 424, and blocking layer 420
and tunneling layer 424 are in contact with each other. In some implementations, storage layer
422 may include a plurality of trap layers. In some implementations, one of the plurality of trap
layers may function as tunneling layer 424.

[0049] By dividing blocking layer 420 and storage layer 422 into a plurality of isolated
sections along the y-direction, partials of memory film 418 are separated into several
inconsecutive sections. The charge stored in storage layer 422 is isolated from other storage
layer 422 corresponding to different word lines. In other words, the charge stored in storage
layer 422 corresponding to different word lines is isolated from each other. Hence, the charge
migration may be restrained in memory structure 403.

[0050] FIG. 6 illustrates a cross-section of another exemplary 3D memory device 600,
according to some aspects of the present disclosure. 3D memory device 600 includes a memory
structure 603, and a memory structure 601 stacking on memory structure 603. Memory structure
601 includes first stack structure 102, and first channel structure 106. Memory structure 603
includes second stack structure 104, and second channel structure 108. As shown in FIG. 6, the
memory film of second channel structure 108 is inconsecutive film divided into several isolated
sections, and the memory film of first channel structure 106 is a consecutive structure extending
along the y-direction. In other words, memory structure 603 with inconsecutive memory film

may be formed beneath memory structure 601 having a consecutive memory film.
-12-
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[0051] In some implementations, as shown in FIG. 6, second channel structure 108 may
further include a semiconductor plug 604 on the source end of second channel structure 108.
Semiconductor plug 604 may be in contact with semiconductor channel 126 of second channel
structure 108. Semiconductor plug 604, also known as selective epitaxial growth (SEG), can be
selectively grown from a substrate and may have the same material as the substrate, such as
single crystalline silicon. Second channel structure 108 in contact with semiconductor plug 604
on the source end of channel structure 108 is referred to herein as a “bottom plug channel
structure.”

[0052] In some implementations, different from bottom plug channel structure 604 in FIG.
6, second channel structure 108 may include a sidewall plug channel structure and is free of
semiconductor plug 604 on the source end thereof. Instead, a sidewall semiconductor layer
vertically between the substrate and second stack structure 104 can be in contact with the
sidewall of the sidewall semiconductor layer of the channel structures. The sidewall
semiconductor layer can include semiconductor materials, such as polysilicon.

[0053] In some implementations, the substrate (e.g., having single crystalline silicon)
may be replaced with a semiconductor layer in contact with semiconductor channel 126 of a
bottom open channel structure on the source end of second channel structure 108. Parts of
memory film 118 of second channel structure 108 on the source end can be removed to expose
semiconductor channel 126 to contact the semiconductor layer. In some implementations, part of
semiconductor channel 126 on the source end of second channel structure 108 is doped to form a
doped region that is in contact with the semiconductor layer. The semiconductor layer can
include semiconductor materials, such as polysilicon.

[0054] As shown in FIG. 6, memory structure 603 having inconsecutive storage layer 122
is formed under memory structure 601. In some implementations, when the memory structure
having inconsecutive storage layer is disposed at the bottom position, since the charge migration
is restrained the hot carrier and the reliability of 3D memory device 600 can be therefore
improved. In some implementations, when the memory structure having inconsecutive storage
layer is disposed at the bottom position, the plasma leakage damage of the silicon
oxynitride/silicon oxide (NO) layers can be restrained as well. It is understood that the memory
structure having inconsecutive storage layer may be also disposed above the memory structure

having consecutive storage layer according to different designs, and is not limited here.
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[0055] FIG. 7 illustrates a cross-section of still another exemplary 3D memory device
700, according to some aspects of the present disclosure. 3D memory device 700 includes a
memory structure 705, a memory structure 703 stacking on memory structure 705, and a memory
structure 701 stacking on memory structure 703. As shown in FIG. 7, the storage layer of
memory structure 701 and the storage layer of memory structure 705 are inconsecutive films
separated into several isolated sections, and the storage layer of memory structure 703 is a
consecutive structure extending along the y-direction. In other words, memory structure 703
with consecutive storage layer may be formed between two memory structures, memory structure
701 and memory structure 705, having inconsecutive storage layers.

[0056] In some implementations, semiconductor channels of the stacked memory
structures, e.g., memory structure 701, memory structure 703, and/or memory structure 705, may
be electrically connected. In some implementations, the semiconductor channels of the stacked
memory structures, e.g., memory structure 701, memory structure 703, and/or memory structure
705, may be aligned with each other. The meaning of “aligned” here is the semiconductor
channels of the stacked memory structures, e.g., memory structure 701, memory structure 703,
and/or memory structure 705, are disposed along a same center axis of the channel structures. In
some implementations, the memory films of the stacked memory structures, e.g., memory
structure 701, memory structure 703, and/or memory structure 705, may not be aligned with each
other.

[0057] It is understood that memory structure 701 and/or memory structure 705 having
inconsecutive storage layer may be replaced by other structure, e.g., memory structure 203,
memory structure 303, and/or memory structure 403 shown in FIGs. 3-5. It is also understood
that, in some implementations, the memory structure with inconsecutive storage layer may be
formed between two memory structures having consecutive storage layers. In some
implementations, the 3D memory device may be formed by stacking a plurality of memory
structures with inconsecutive storage layers.

[0058] FIGs. 8-16 illustrate cross-sections of 3D memory device 100 at different stages
of a manufacturing process, according to some aspects of the present disclosure. FIG. 17
illustrates a flowchart of an exemplary method 800 for forming 3D memory device 100,
according to some aspects of the present disclosure. For the purpose of better describing the

present disclosure, the cross-sections of 3D memory device 100 in FIGs. 8-16 and method 800 in
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FIG. 17 will be discussed together. It is understood that the operations shown in method 800 are
not exhaustive and that other operations may be performed as well before, after, or between any
of the illustrated operations. Further, some of the operations may be performed simultaneously,
or in a different order than shown in FIGs. 8-16 and FIG. 17.

[0059] As shown in FIG. 8 and operation 802 of FIG. 17, a first dielectric stack structure
150 is formed. First dielectric stack structure 150 may include a plurality of dielectric/sacrificial
layer pairs. In some implementations, first dielectric stack structure 150 may be formed on a
substrate (not shown). In some implementations, the substrate may be a doped semiconductor
layer. The dielectric/sacrificial layer pairs may include interleaved dielectric layers 112 and
sacrificial layers 152 extending along the x-direction. In some implementations, each dielectric
layer 112 may include a layer of silicon oxide, and each sacrificial layer 152 may include a layer
of silicon nitride. First dielectric stack structure 150 may be formed by one or more thin film
deposition processes including, but not limited to, chemical vapor deposition (CVD), physical
vapor deposition (PVD), atomic layer deposition (ALD), or any combination thereof. In some
implementations, a pad oxide layer (not shown) is formed between the substrate and first
dielectric stack structure 150 by depositing dielectric materials, such as silicon oxide, on the
substrate.

[0060] As shown in FIG. 8 and operation 804 of FIG. 17, first channel structure 106 is
formed in first dielectric stack structure 150 along the y-direction. First channel structure 106
may include first semiconductor channel 134, and first memory film 132 formed over first
semiconductor channel 134. In some implementations, first memory film 132 is a consecutive
memory film extending along the y-direction.

[0061] As shown in FIG. 9 and operation 806 of FIG. 17, a second dielectric stack
structure 160 is formed over first dielectric stack structure 150. Second dielectric stack structure
160 may include a plurality of dielectric/sacrificial layer pairs. The dielectric/sacrificial layer
pairs may include interleaved dielectric layers 116 and sacrificial layers 162 extending along the
x-direction. In some implementations, the materials and fabrication processes of dielectric layers
116 and sacrificial layers 162 of second dielectric stack structure 160 may be similar to those of
dielectric layers 112 and sacrificial layers 152 of first dielectric stack structure 150.

[0062] As shown in FIG. 9 and operation 808 of FIG. 17, a channel hole 164 is formed in

second dielectric stack structure 160 along the y-direction. In some implementations, an etch
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process may be performed to form channel hole 164 in second dielectric stack structure 160 that
extends vertically (y-direction) through the interleaved dielectric/sacrificial layers. In some
implementations, fabrication processes for forming channel hole 164 may include wet etching
and/or dry etching, such as deep reactive ion etching (DRIE). In some implementations, channel
hole 164 may extend further into the top portion of first dielectric stack structure 150.

[0063] In some implementations, because dielectric layers 116 and sacrificial layers 162
may have different removal rates during the etching process, by choosing the etchant of the
etching operation, the sidewalls of channel hole 164 may include a recess in each of sacrificial
layers 162. For example, when dielectric layers 116 include silicon oxide and sacrificial layers
162 include silicon nitride, an etchant having a higher etching rate to silicon nitride may be used
to form the recess. In some implementations, channel hole 164 may be first formed in second
dielectric stack structure 160 along the y-direction by using an etch operation. Then, another
etch operation may be performed to remove portions of sacrificial layers 162 to form the recess.
[0064] As shown in FIG. 10 and operation 810 of FIG. 17, blocking layer 120 is formed
on the sidewalls of channel hole 164 on sacrificial layers 162. In some implementations,
blocking layer 120 may include silicon oxide, silicon oxynitride, high dielectric constant (high-k)
dielectrics, or any combination thereof. In some implementations, blocking layer 120 may be
formed by a deposition operation. In some implementations, blocking layer 120 may be formed
by an oxidation operation to oxidate a portion of sacrificial layers 162 into silicon oxide, silicon
oxynitride, or other suitable materials. In some implementations, blocking layer 120 and
dielectric layers 116 may be formed by the same material.

[0065] As shown in FIG. 11 and operation 812 of FIG. 17, storage layer 122 may be
formed over blocking layer 120 on the sidewalls of channel hole 164 on sacrificial layers 162. In
some implementations, storage layer 122 may first be formed on the sidewalls of channel hole
164 covering dielectric layers 116 and blocking layer 120, as shown in FIG. 11. Then, an etch
operation may be performed to pull back a portion of storage layer 122, as shown in FIG. 12. In
some implementations, the portion of storage layer 122 may be removed by dry etch, wet etch, or
other suitable processes. After the pull-back process, storage layer 122 is divided by dielectric
layers 116 into a plurality of isolated sections.

[0066] As shown in FIG. 13 and operation 814 of FIG. 17, tunneling layer 124 may be

formed over storage layer 122 and dielectric layers 116 on the sidewalls of channel hole 164. In
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some implementations, tunneling layer 124 may further be thinned by performing an etch
operation. In some implementations, tunneling layer 124 may further be thinned until tunneling
layer 124 is fully isolated by dielectric layers 116, as shown in FIG. 14. In some
implementations, tunneling layer 124 may not be fully isolated by dielectric layers 116 after the
thinning operation and form a structure similar to tunneling layer 224 shown in FIG. 3. In some
implementations, tunneling layer 124 may be disposed along y-direction and form a structure
similar to tunneling layer 324 shown in FIG. 4.

[0067] As shown in FIG. 15 and operation 816 of FIG. 17, semiconductor channel 126
may be formed over tunneling layer 124. In some implementations, semiconductor channel 126
may be in direct contact with dielectric layers 116. In some implementations, dielectric core 128
may be filled in channel hole 164.

[0068] Then, sacrificial layers 152 and 162 may be removed and replaced by the word
lines, as shown in FIG. 16. For example, sacrificial layers 152 and 162 may be removed by dry
etch, wet etch, or other suitable processes to form a plurality of cavities. The word lines
(conductive layers 110 and 114) may be formed in the cavities by depositing the gate conductor),
and the gate conductor made from tungsten. In some implementations, the cavities may be filled
with the gate dielectric layer made from high-k dielectric materials, the adhesion layer including
titanium/titanium nitride (Ti/TiN) or tantalum/tantalum nitride (Ta/TaN).

[0069] By dividing the storage layer into a plurality of isolated sections along the y-
direction, partials of the memory film are separated into several inconsecutive sections. The
charge stored in the storage layer is isolated from other storage layers corresponding to different
word lines. In other words, the charge stored in the storage layers corresponding to different
word lines is isolated from each other. Hence, the charge migration may be restrained in the
memory structure.

[0070] Furthermore, by stacking the memory structures having inconsecutive storage
layers and the memory structures having consecutive storage layers together, not only the charge
migration may be restrained, the strength of memory structure can also be maintained for
multiple-layer memory devices.

[0071] FIG. 18 illustrates a block diagram of an exemplary system 900 having a memory
device, according to some aspects of the present disclosure. System 900 can be a mobile phone,

a desktop computer, a laptop computer, a tablet, a vehicle computer, a gaming console, a printer,
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a positioning device, a wearable electronic device, a smart sensor, a virtual reality (VR) device,
an argument reality (AR) device, or any other suitable electronic devices having storage therein.
As shown in FIG. 18, system 900 can include a host 908 and a memory system 902 having one or
more memory devices 904 and a memory controller 906. Host 908 can be a processor of an
electronic device, such as a central processing unit (CPU), or a system-on-chip (SoC), such as an
application processor (AP). Host 908 can be configured to send or receive data to or from
memory devices 904.

[0072] Memory device 904 can be any memory device disclosed in the present disclosure.
As disclosed above in detail, memory device 904, such as a NAND Flash memory device, may
have a controlled and predefined discharge current in the discharge operation of discharging the
bit lines. Memory controller 906 is coupled to memory device 904 and host 908 and is
configured to control memory device 904, according to some implementations. Memory
controller 906 can manage the data stored in memory device 904 and communicate with host 908.
For example, memory controller 906 may be coupled to memory device 904, such as 3D memory
device 100 described above, and memory controller 906 may be configured to control the
operations of channel structure 108 through the peripheral device. By forming the structure
according to the present disclosure, the charge migration of 3D memory device 100 may be
further restrained, and the performance of system 900 may be improved as well.

[0073] In some implementations, memory controller 906 is designed for operating in a
low duty-cycle environment like secure digital (SD) cards, compact Flash (CF) cards, universal
serial bus (USB) Flash drives, or other media for use in electronic devices, such as personal
computers, digital cameras, mobile phones, etc. In some implementations, memory controller
906 is designed for operating in a high duty-cycle environment SSDs or embedded multi-media-
cards (eMMCs) used as data storage for mobile devices, such as smartphones, tablets, laptop
computers, etc., and enterprise storage arrays. Memory controller 906 can be configured to
control operations of memory device 904, such as read, erase, and program operations. Memory
controller 906 can also be configured to manage various functions with respect to the data stored
or to be stored in memory device 904 including, but not limited to bad-block management,
garbage collection, logical-to-physical address conversion, wear leveling, etc. In some
implementations, memory controller 906 is further configured to process error correction codes

(ECCs) with respect to the data read from or written to memory device 904. Any other suitable
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functions may be performed by memory controller 906 as well, for example, formatting memory
device 904. Memory controller 906 can communicate with an external device (e.g., host 908)
according to a particular communication protocol. For example, memory controller 906 may
communicate with the external device through at least one of various interface protocols, such as
a USB protocol, an MMC protocol, a peripheral component interconnection (PCI) protocol, a
PCl-express (PCI-E) protocol, an advanced technology attachment (ATA) protocol, a serial-ATA
protocol, a parallel-ATA protocol, a small computer small interface (SCSI) protocol, an
enhanced small disk interface (ESDI) protocol, an integrated drive electronics (IDE) protocol, a
Firewire protocol, etc.

[0074] Memory controller 906 and one or more memory devices 904 can be integrated
into various types of storage devices, for example, be included in the same package, such as a
universal Flash storage (UFS) package or an eMMC package. That is, memory system 902 can
be implemented and packaged into different types of end electronic products. In one example as
shown in FIG. 19A, memory controller 906 and a single memory device 904 may be integrated
into a memory card 1002. Memory card 1002 can include a PC card (PCMCIA, personal
computer memory card international association), a CF card, a smart media (SM) card, a memory
stick, a multimedia card (MMC, RS-MMC, MMCmicro), an SD card (SD, miniSD, microSD,
SDHC), a UFS, etc. Memory card 1002 can further include a memory card connector 1004
coupling memory card 1002 with a host (e.g., host 908 in FIG. 18). In another example as shown
in FIG. 19B, memory controller 906 and multiple memory devices 904 may be integrated into an
SSD 1006. SSD 1006 can further include an SSD connector 1008 coupling SSD 1006 with a
host (e.g., host 908 in FIG. 18). In some implementations, the storage capacity and/or the
operation speed of SSD 1006 is greater than those of memory card 1002.

[0075] According to one aspect of the present disclosure, a 3D memory device is
disclosed. The 3D memory device includes a first stack structure, a first channel structure, a
second stack structure, and a second channel structure. The first stack structure includes
interleaved first conductive layers and first dielectric layers. The first channel structure extends
through the first stack structure along a first direction. The first channel structure includes a first
semiconductor channel, and a first memory film over the first semiconductor channel. The first
memory film includes a first storage layer. The second stack structure includes interleaved

second conductive layers and second dielectric layers formed over the first stack structure. The
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second channel structure extends through the second stack structure along the first direction. The
second channel structure includes a second semiconductor channel, and a second memory film
over the second semiconductor channel. The first storage layer is separated by the first dielectric
layers into a plurality of sections.

[0076] In some implementations, the second memory film includes a second storage layer,
and the second storage layer consecutively extends along the first direction. In some
implementations, the first memory film further includes a tunneling layer over the first
semiconductor channel, and a blocking layer over the first storage layer. In some
implementations, the blocking layer is separated by the dielectric layers into the plurality of
sections. In some implementations, the tunneling layer is separated by the dielectric layers into
the plurality of sections. In some implementations, the tunneling layer is in contact with the first
storage layer, the first semiconductor channel, and the first dielectric layers. In some
implementations, the tunneling layer extends along the first direction across the first dielectric
layers.

[0077] In some implementations, the tunneling layer includes a first portion disposed
between two adjacent first dielectric layers, and a second portion physically extended along the
first direction across the first dielectric layers. In some implementations, the first portion and the
second portion of the tunneling layer are in direct contact with each other. In some
implementations, the blocking layer, the first storage layer, and the tunneling layer are fully
separated by the first dielectric layers into the plurality of sections isolated from each other. In
some implementations, top surfaces of the blocking layer, the first storage layer, and the
tunneling layer and bottom surfaces of the blocking layer, the first storage layer, and the
tunneling layer in each section are in direct contact with the first dielectric layers. In some
implementations, the first semiconductor channel is in direct contact with the tunneling layer and
the first dielectric layers.

[0078] In some implementations, the first storage layer and the first dielectric layers are
separated by the tunneling layer. In some implementations, the tunneling layer is in contact with
each separated blocking layer of the plurality of sections of the blocking layer. In some
implementations, a portion of the tunneling layer and a portion of the first storage layer are

overlapped along the first direction. In some implementations, the tunneling layer is in contact
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with each separated first storage layer of the plurality of sections of the first storage layer on the
first direction and a second direction perpendicular to the first direction.

[0079] In some implementations, the first storage layer includes a plurality of trap layers.
In some implementations, the plurality of sections are stacked along the first direction. In some
implementations, the first semiconductor channel is in contact with the second semiconductor
channel. In some implementations, the first memory film and the second memory film are
electrically isolated. In some implementations, the first stack structure and the second stack
structure are stacked along the first direction. In some implementations, the 3D memory device
further includes a semiconductor plug disposed at a bottom end of the first channel structure.
The semiconductor plug is in contact with the first semiconductor channel.

[0080] In some implementations, the 3D memory device further includes a third stack
structure including interleaved third conductive layers and third dielectric layers formed over the
second stack structure, and a third channel structure extending through the third stack structure
along the first direction, the third channel structure comprising a third semiconductor channel,
and a third memory film over the third semiconductor channel, and the third memory film
comprising a third storage layer. The third storage layer is separated by the third dielectric layers
into a plurality of sections.

[0081] According to another aspect of the present disclosure, a 3D memory device is
disclosed. The 3D memory device includes a plurality of memory structures stacking on each
other. Each memory structure includes a stack structure, and a channel structure. The stack
structure includes interleaved conductive layers and dielectric layers. The channel structure
extends through the stack structure along a first direction. The channel structure includes a
semiconductor channel, and a memory film over the semiconductor channel. The memory film
includes a tunneling layer over the semiconductor channel, a storage layer over the tunneling
layer, and a blocking layer over the storage layer. The storage layer is separated by the dielectric
layers into a plurality of sections.

[0082] According to still another aspect of the present disclosure, a system is disclosed.
The system includes a 3D memory device configured to store data, and a memory controller.
The 3D memory device includes a first stack structure, a first channel structure, a second stack
structure, and a second channel structure. The first stack structure includes interleaved first

conductive layers and first dielectric layers. The first channel structure extends through the first
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stack structure along a first direction. The first channel structure includes a first semiconductor
channel, and a first memory film over the first semiconductor channel. The first memory film
includes a storage layer. The second stack structure includes interleaved second conductive
layers and second dielectric layers formed over the first stack structure. The second channel
structure extends through the second stack structure along the first direction. The second channel
structure includes a second semiconductor channel, and a second memory film over the second
semiconductor channel. The storage layer is separated by the first dielectric layers into a
plurality of sections. The memory controller is coupled to the 3D memory device and is
configured to control operations of the 3D memory device.

[0083] According to yet another aspect of the present disclosure, a method for forming a
3D memory device is disclosed. A first dielectric stack structure including a plurality of first
dielectric layers and a plurality of second dielectric layers alternatingly arranged is formed. A
first channel structure is formed in the first dielectric stack structure along a first direction. A
channel hole is formed in the first dielectric stack structure along the first direction. The
sidewalls of the channel hole include a recess in the plurality of first dielectric layers. A storage
layer is formed in the recess of the channel hole in the plurality of first dielectric layers. A
semiconductor channel is formed over the storage layer. A dielectric core is formed filling the
channel hole. A second dielectric stack structure is formed over the first dielectric stack structure.
The second dielectric stack structure includes a plurality of third dielectric layers and a plurality
of fourth dielectric layers alternatingly arranged. A second channel structure is formed in the
second dielectric stack structure along the first direction.

[0084] In some implementations, a blocking layer is formed in the recess of the channel
hole in the plurality of first dielectric layers, and a tunneling layer is formed over at least the
storage layer in the recess of the channel hole. In some implementations, the second channel
structure is above the first channel structure and aligns with the first channel structure. In some
implementations, an oxidation operation is performed on the plurality of first dielectric layers to
form the blocking layer. In some implementations, the storage layer is formed over the blocking
layer in the recess of the channel hole, and a first thinning operation is performed to remove a
portion of the storage layer on the plurality of second dielectric layers.

[0085] In some implementations, the storage layer includes a plurality of trap layers. In

some implementations, the tunneling layer is formed over the recess of the channel hole covering
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the storage layer and the plurality of second dielectric layers, and a second thinning operation is
performed to remove a portion of the tunneling layer on the plurality of second dielectric layers.
[0086] In some implementations, the semiconductor channel is formed over the tunneling
layer, wherein the semiconductor channel is in contact with the plurality of second dielectric
layers. In some implementations, the tunneling layer is formed over the recess of the channel
hole covering the storage layer and the plurality of second dielectric layers, and a second thinning
operation is performed to thin the tunneling layer. In some implementations, the tunneling layer
is in contact with the semiconductor channel, the plurality of second dielectric layers, and the
storage layer.

[0087] In some implementations, the plurality of first dielectric layers and the plurality of
third dielectric layers are removed, and a plurality of word lines are formed between the plurality
of second dielectric layers and between the plurality of fourth dielectric layers.

[0088] The foregoing description of the specific implementations can be readily modified
and/or adapted for various applications. Therefore, such adaptations and modifications are
intended to be within the meaning and range of equivalents of the disclosed implementations,
based on the teaching and guidance presented herein.

[0089] The breadth and scope of the present disclosure should not be limited by any of
the above-described exemplary implementations, but should be defined only in accordance with

the following claims and their equivalents.
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WHAT IS CLAIMED IS:

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

a first stack structure comprising interleaved first conductive layers and first dielectric
layers;

a first channel structure extending through the first stack structure along a first direction,
the first channel structure comprising a first semiconductor channel, and a first memory film over
the first semiconductor channel, and the first memory film comprising a first storage layer;

a second stack structure comprising interleaved second conductive layers and second
dielectric layers formed over the first stack structure; and

a second channel structure extending through the second stack structure along the first
direction, and the second channel structure comprising a second semiconductor channel, and a
second memory film over the second semiconductor channel,

wherein the first storage layer is separated by the first dielectric layers into a plurality of

storage sections.

2. The 3D memory device of claim 1, wherein the second memory film comprises a

second storage layer, and the second storage layer consecutively extends along the first direction.

3. The 3D memory device of claim 1 or 2, wherein the first memory film further
comprises a tunneling layer over the first semiconductor channel, and a blocking layer over the

first storage layer.

4. The 3D memory device of claim 3, wherein the blocking layer is separated by the

dielectric layers into the plurality of blocking sections.

5. The 3D memory device of claim 3, wherein the tunneling layer is separated by the

dielectric layers into the plurality of tunneling sections.

6. The 3D memory device of any one of claims 3-5, wherein the tunneling layer is in

contact with the first storage layer, the first semiconductor channel, and the first dielectric layers.
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7. The 3D memory device of claim 6, wherein the tunneling layer extends along the

first direction across the first dielectric layers.

8. The 3D memory device of any one of claims 3-5, wherein the tunneling layer
comprises a first portion disposed between two adjacent first dielectric layers, and a second

portion physically extended along the first direction across the first dielectric layers.

9. The 3D memory device of claim 8, wherein the first portion and the second

portion of the tunneling layer are in direct contact with each other.

10. The 3D memory device of any one of claims 3-5, wherein the blocking layer, the
first storage layer, and the tunneling layer are fully separated by the first dielectric layers into a

plurality of sections isolated from each other.

11. The 3D memory device of claim 10, wherein top surfaces of the blocking layer,
the first storage layer, and the tunneling layer and bottom surfaces of the blocking layer, the first
storage layer, and the tunneling layer in each section of the plurality of sections are in direct

contact with the first dielectric layers.

12. The 3D memory device of claim 10, wherein the first semiconductor channel is in

direct contact with the tunneling layer and the first dielectric layers.

13. The 3D memory device of any one of claims 3-5, wherein the first storage layer

and the first dielectric layers are separated by the tunneling layer.

14. The 3D memory device of claim 13, wherein the tunneling layer is in contact with

each separated blocking section.
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15. The 3D memory device of claim 13 or 14, wherein a portion of the tunneling layer

and a portion of the first storage layer are overlapped along the first direction.

16. The 3D memory device of any one of claims 13-15, wherein the tunneling layer is

in contact with each separated first storage section on the first direction.

17. The 3D memory device of any one of claims 1-16, wherein the storage layer

comprises a plurality of trap layers.

18. The 3D memory device of any one of claims 1-17, wherein the plurality of storage

sections are stacked along the first direction.

19. The 3D memory device of any one of claims 1-18, wherein the first

semiconductor channel is in contact with the second semiconductor channel.

20. The 3D memory device of any one of claims 1-19, wherein the first memory film

and the second memory film are electrically isolated.

21. The 3D memory device of any one of claims 1-20, wherein the first stack structure

and the second stack structure are stacked along the first direction.

22. The 3D memory device of claim 21, further comprising:
a semiconductor plug disposed at a bottom end of the first channel structure, wherein the

semiconductor plug is in contact with the first semiconductor channel.

23. The 3D memory device of claim 22, wherein the semiconductor plug comprises a
semiconductor layer in contact with the first channel structure at a source end of the first channel

structure.

24. The 3D memory device of any one of claims 1-23, further comprising:

- 26 -



WO 2022/083299 PCT/CN2021/115807

a third stack structure comprising interleaved third conductive layers and third dielectric
layers formed over the second stack structure; and

a third channel structure extending through the third stack structure along the first
direction, the third channel structure comprising a third semiconductor channel, and a third
memory film over the third semiconductor channel, and the third memory film comprising a third
storage layer,

wherein the third storage layer is separated by the third dielectric layers into a plurality of

storage sections.

25. A three-dimensional (3D) memory device, comprising:
a plurality of memory structures stacking on each other, each memory structure
comprising:

a stack structure comprising interleaved conductive layers and dielectric layers;
and

a channel structure extending through the stack structure along a first direction,
the channel structure comprising a semiconductor channel, and a memory film over the
semiconductor channel, and the memory film comprising a tunneling layer over the
semiconductor channel, a storage layer over the tunneling layer, and a blocking layer over
the storage layer,

wherein the storage layer is separated by the dielectric layers into a plurality of

sections.

26. A system, comprising:
a three-dimensional (3D) memory device configured to store data, the 3D memory device
comprising:

a first stack structure comprising interleaved first conductive layers and first
dielectric layers;

a first channel structure extending through the first stack structure along a first
direction, the first channel structure comprising a first semiconductor channel, and a first
memory film over the first semiconductor channel, and the first memory film comprising

a storage layer;
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a second stack structure comprising interleaved second conductive layers and
second dielectric layers formed over the first stack structure; and

a second channel structure extending through the second stack structure along the
first direction, and the second channel structure comprising a second semiconductor
channel, and a second memory film over the second semiconductor channel,

wherein the storage layer is separated by the first dielectric layers into a plurality
of sections; and
a memory controller coupled to the 3D memory device and configured to control

operations of the 3D memory device.

27. A method for forming a three-dimensional (3D) memory device, comprising:
forming a first dielectric stack structure comprising a plurality of first dielectric layers
and a plurality of second dielectric layers alternatingly arranged;
forming a first channel structure in the first dielectric stack structure along a first direction,
comprising:
forming a channel hole in the first dielectric stack structure along the first
direction, wherein a sidewall of the channel hole comprises a recess;
forming a storage layer in the recess of the channel hole in the plurality of first
dielectric layers;
forming a semiconductor channel over the storage layer; and
forming a dielectric core filling the channel hole;
forming a second dielectric stack structure over the first dielectric stack structure, the
second dielectric stack structure comprising a plurality of third dielectric layers and a plurality of
fourth dielectric layers alternatingly arranged; and
forming a second channel structure in the second dielectric stack structure along the first

direction.

28. The method of claim 27, further comprising:
forming a blocking layer in the recess of the channel hole in the plurality of first

dielectric layers; and
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forming a tunneling layer over at least the storage layer in the recess of the

channel hole.

29. The method of claim 27 or 28, wherein the second channel structure is above the

first channel structure and aligns with the first channel structure.

30. The method of any one of claims 28-29, wherein forming the blocking layer in the
recess of the channel hole in the plurality of first dielectric layers, further comprises:
performing an oxidation operation on the plurality of first dielectric layers to form the

blocking layer.

31. The method of any one of claims 28-30, wherein forming the storage layer in the
recess of the channel hole in the plurality of first dielectric layers, further comprises:

forming the storage layer over the blocking layer in the recess of the channel hole; and

performing a first thinning operation to remove a portion of the storage layer on the

plurality of second dielectric layers.

32. The method of any one of claims 27-31, wherein the storage layer comprises a

plurality of trap layers.

33. The method of any one of claims 28-32, wherein forming the tunneling layer over
at least the storage layer in the recess of the channel hole, further comprises:

forming the tunneling layer over the recess of the channel hole covering the storage layer
and the plurality of second dielectric layers; and

performing a second thinning operation to remove a portion of the tunneling layer on the

plurality of second dielectric layers.

34. The method of claim 33, wherein forming the semiconductor channel over the
tunneling layer, further comprises:
forming the semiconductor channel over the tunneling layer, wherein the semiconductor

channel is in contact with the plurality of second dielectric layers.
-29.
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35. The method of any one of claims 28-32, wherein forming the tunneling layer over
at least the storage layer in the recess of the channel hole, further comprises:

forming the tunneling layer over the recess of the channel hole covering the storage layer
and the plurality of second dielectric layers; and

performing a second thinning operation to thin the tunneling layer.

36. The method of claim 35, wherein the tunneling layer is in contact with the

semiconductor channel, the plurality of second dielectric layers, and the storage layer.

37. The method of claim 27, further comprising:

removing the plurality of first dielectric layers and the plurality of third dielectric layers;
and

forming a plurality of word lines between the plurality of second dielectric layers and

between the plurality of fourth dielectric layers.

-30 -



WO 2022/083299 PCT/CN2021/115807
1/18

103
101

o

~

106

104
102

FIG. 1



™

-~

WO 2022/083299

2/18

PCT/CN2021/115807

120

118
124
/’122

I
108

aY/

104

FIG. 2



203

WO 2022/083299
3/18

_— 114

PCT/CN2021/115807

220

218
222

224

:

126

128

I
208

104

FIG. 3



o™
(3P

WO 2022/083299

PCT/CN2021/115807

4/18

320

318
324
/’ 322

126
128 \ \

308

104

FIG. 4



PCT/CN2021/115807

WO 2022/083299

5/18

— 70l



o
©

WO 2022/083299 PCT/CN2021/115807

6/18

601
603

604

[{=}
[ =N
-
L_
2 e
x, ol e i
2 % T
) e
L > Y o
[, o
2
> R
)
3 3

102
104

108

FIG. 6



WO 2022/083299

0

7/18

703

PCT/CN2021/115807

705

700

: . o q
., g o, %, ¥ L,
o L ’
\ . iy 2 il L
» &
'x. &5
\ / \ / /
I
<t N <t
o o o
=~ ~ ~
>

FIG.7



PCT/CN2021/115807

WO 2022/083299

8/18

.

_

\I

\|
e

-
-

— 05l

Cale

\I

-

47

e

A




WO 2022/083299 PCT/CN2021/115807
9/18

NN N
[ s I
— o~

X

R
.

.

164
106

\

\
.

.

FIG. 9



PCT/CN2021/115807

WO 2022/083299

10/18

. 4

...
_____

_____

— 06l

47

A

/ \

— 091

9t

N

291




PCT/CN2021/115807

WO 2022/083299

11/18

47
A

9l

[4:]7

_____

...
_____

______

I&

|&

l\

.

— 06l

091




PCT/CN2021/115807

WO 2022/083299

12/18

O

M

...
_____

.

__

N

.
.

\

alels

.

47

A

— 05l

091




PCT/CN2021/115807

WO 2022/083299

13/18

47
A

9

291

. 52

...
_____

.

.

Catele

\

e
____

&\\ \\

B

.-_-.

\\\\\\\\\\\\\\\\ & \ m\\\\\\\\\\\\\\\\\\

\\\\\\\\\\\\\\\\\\\&

v a

144

— 05l

091




PCT/CN2021/115807
14/18

WO 2022/083299

— 05l

47

Ny 2

091
9Ll

291




PCT/CN2021/115807
15/18

WO 2022/083299

— 05l

47

Ny 2

/\

091
9l

291




PCT/CN2021/115807

WO 2022/083299

16/18

91 Old

wmv

\
149 cel
[

1ol

€0l

A1)

Y0l



PCT/CN2021/115807

WO 2022/083299

17/18

Ll Old

919 ]

JaAe| Buiiauuny sy JOAO |sUUBYD J0)ONPUODISS B BulLIo

A

g — ]

8|0y [auueYyD 8U} Jo S|lemapis au) uo Jake| abela)s ay) Jses) Je Jano Jake| Bulisuuny e Buiuiio

A

08 "

slafe| oLaos[aIp pAYL jo Aednid sy Ul sjoy [auURYD B} Jo S|lemapis au) uo Jake| Buiyoolq au Jaro Ioke| abe.o)s e Bululio

A

018 — ]

slake| oLpos|aIp Py Jo Ayjeanid auy Ul 8joy |suuBYD Y} O S|lemapIs sy uo JaAe| Bunjoolq e Bulliio

A

808 — ]

siahe| 91909|01p pJiLg Jo Aljednid oL uljesyo ue ssudwod
9|0y |auuRYD 8y} JO S|[emapis UlsJaym ‘Uonoa.ip Js.l sy} Buoje ainjonas ¥oe)s oL§os|8Ip puodss ayj Ul sjoy jsuueyo e buiwio

A

908

pabue.re ABuneussye sieke| aLyo8|aIp Yunoy Jo Ajelnd e pue siske| a1nosiaip pau jo Aeinid e Buisuidwod
8INONS %oe)s 108|elp PUodISs 8U) ‘e.nongs JOels JL4os|sIp 18I} 8U) J8A0 8INJONAS ¥OE)S JLR08|8Ip pucdes e Bulio4

A

08 —

uonoaJIp }sij & Buoje a1mongs Yorls olos[elp 111 8U) Ul 8Jmongs [euueys sy e buiwio

A

708 — "]

pabueLie Abupeulsye
sJofe| 01L09|91p puooss Jo Aljednid e pue sieke| oL1ogjalp 1Sl jo Aleinid e Buisudwod ainonas yoels oujos|aIp ISty e Buiwio

00




WO 2022/083299

A

[
[
[
:
( | 3D MEMORY DEVICE
[
[
[
|
[

/_ 1002

yd
/_ 904

3D MEMORY
DEVICE

MEMORY |/ |

CONTROLLER

oy

FIG. 19A

906

1004

PCT/CN2021/115807
18/18
00
902
06__ /" | 008
|
|
|
MEMORY TN
CONTROLLER  [© T~ HOST
|
|
|
|
FIG. 18

/_ 1006

3D /

DEVICE DEVICE

3D 3D
MEMORY ([ MEMORY || MEMORY
DEVICE DEVICE DEVICE
3D 3D 3D

MEMORY ([ MEMORY || MEMORY

DEVICE

MEMORY CONTROLLER /

i

/_ 1008

— 904

— 906

FIG. 19B



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2021/115807

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 27/1157(2017.01)i; HO1L 27/11582(2017.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO1L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, WPIL, EPODOC, CNKI: 3D, memory, stack, storage, separat+, channel?, hole?, conduct+, dielectric, gate, block
+, tunnel+, isolat+, trap

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

PX CN 112259549 A (YANGTZE MEMORY TECHNOLOGIES CO., LTD.) 22 January 2021 1-37
(2021-01-22)
claims 1-11, paragraphs [0070]-[0142] and figures 1-5

X CN 107768378 A (TOSHIBA MEMORY CORPORATION) 06 March 2018 (2018-03-06) 1-37
paragraphs [0057]-[0110] and figures 6-21

A US 2012184078 A1 (KABUSHIKI KAISHA TOSHIBA) 19 July 2012 (2012-07-19) 1-37
the whole document

A CN 109817634 A (YANGTZE MEMORY TECHNOLOGIES CO., LTD.) 28 May 2019 1-37
(2019-05-28)
the whole document

A US 2016043093 A1 (SANDISK TECHNOLOGIES INC.) 11 February 2016 (2016-02-11) 1-37
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report
19 October 2021 27 October 2021
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing WANG,Xueting
100088
China
Facsimile No. (86-10)62019451 Telephone No. 86-(10)-53961207

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2021/115807

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)

CN 112259549 A 22 January 2021 None

CN 107768378 A 06 March 2018 ™ 201929193 A 16 July 2019
uUs 2018350828 Al 06 December 2018
us 10541247 B2 21 January 2020
™ 201826504 A 16 July 2018
™ 1652802 B 01 March 2019
uUsS 2021134822 Al 06 May 2021
us 2020111804 Al 09 April 2020
us 10923488 B2 16 February 2021
us 2018053774 Al 22 February 2018
us 10068911 B2 04 September 2018

uUs 2012184078 Al 19 July 2012 uUsS 8435857 B2 07 May 2013
KR 20120083199 A 25 July 2012
Jp 2012151187 A 09 August 2012

CN 109817634 A 28 May 2019 None

uUs 2016043093 Al 11 February 2016 uUsS 9356031 B2 31 May 2016
WO 2016025191 Al 18 February 2016

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - wo-search-report
	Page 52 - wo-search-report

