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SEMICONDUCTOR DEVICE AND MANUFACTURING
METHOD THEREFOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present disclosure is based on and claims priority of the Chinese Patent
Application No. 202311686249.8, filed on December 04, 2023 and entitled
"SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREFOR". The

above-referenced application is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to the field of semiconductor
technologies, and in particular, to a semiconductor device and a manufacturing method

therefor.

BACKGROUND

[0003] As memories advance toward higher integration density, the sizes of the memories
require scaling (Scaling). However, when the size of a current memory is extremely small,
size scaling of the memory may lead to degradation (Degradation) of electrical performance
of the memory.

[0004] Therefore, structures and performance of current memories need to be further

improved.

SUMMARY

[0005] In view of this, embodiments of the present disclosure provide a semiconductor
device and a manufacturing method therefor.
[0006] To achieve the foregoing objective, the technical solutions of the present

disclosure are implemented as follows:
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[0007] According to a first aspect, an embodiment of the present disclosure provides a
manufacturing method for a semiconductor device. The manufacturing method includes the
following steps.

[0008] A substrate and a stacked structure located on the substrate are provided. The
stacked structure includes semiconductor layers and interlayer insulating layers that are
alternately stacked.

[0009] Multiple channel holes running through the stacked structure are formed. The
semiconductor layers located between adjacent channel holes are configured to form back
gates.

[0010] Oxidation processing is performed on the semiconductor layers exposed at
sidewalls of the channel holes to form first gate dielectric layers.

[0011] A channel layer, a second gate dielectric layer, and a gate that cover sidewalls of
each of the channel holes are sequentially formed. The channel layer, the second gate
dielectric layer, and the gate jointly form a transistor, and each of the back gates is configured
to regulate a threshold voltage of the transistor.

[0012] In some embodiments, before the multiple channel holes running through the
stacked structure are formed, the manufacturing method further includes the following steps.
[0013] Multiple groove groups running through the stacked structure and arranged in a
first direction are formed. Each of the groove groups includes a first groove and a second
groove that are disposed side by side in a second direction. The remaining stacked structure
includes a first stacked sub-structure located between the first groove and the second groove,
a second stacked sub-structure located between adjacent first grooves, a third stacked sub-
structure located between adjacent second grooves, a fourth stacked sub-structure located
between adjacent first stacked sub-structures, and a fifth stacked sub-structure located on a
side of the first groove and a side of the second stacked sub-structure, and both the first
direction and the second direction are parallel to the substrate and the first direction and the
second direction intersect with each other.

[0014] The first grooves and the second grooves are filled with an isolation material to
form isolation structures.

[0015] In some embodiments, before the multiple channel holes running through the
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stacked structure are formed, the manufacturing method further includes the following step.
[0016] At least the fourth stacked sub-structure in the remaining stacked structure is
etched to form the multiple channel holes running through the stacked structure and arranged
in the first direction.

[0017] In some embodiments, after the channel layer, the second gate dielectric layer, and
the gate that cover the sidewalls of each of the channel holes are sequentially formed, the
manufacturing method further includes the following steps.

[0018] The interlayer insulating layers in the first stacked sub-structure are removed to
form first gaps. The first gaps expose parts of the channel layer that are disposed opposite to
each other in the first direction.

[0019] The channel layer exposed through the first gaps is removed.

[0020] The first gaps are filled with an isolation material to form first interlayer isolation
layers.

[0021] In some embodiments, removal of the interlayer insulating layers in the first
stacked sub-structure to form the first gaps includes the following steps.

[0022] Etching is performed to form a threshold voltage regulation hole running through
the first stacked sub-structure. The threshold voltage regulation hole is located between
adjacent channel holes. The remaining semiconductor layers located between the adjacent
channel holes serve as the back gates.

[0023] Lateral etching is performed along the threshold voltage regulation hole to remove
the interlayer insulating layers to form the first gaps. The threshold voltage regulation hole
and the first gaps are in communication.

[0024] In some embodiments, filling of the first gaps with the isolation material to form
the first interlayer isolation layers includes the following steps.

[0025] The first gaps and the threshold voltage regulation hole are filled with the isolation
material.

[0026] The isolation material is removed from the threshold voltage regulation hole. The
isolation material located in the first gaps forms the first interlayer isolation layers.

[0027] The threshold voltage regulation hole is filled with a conductive material to form

a threshold voltage regulation structure electrically connected to the back gates. The threshold
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voltage regulation structure is configured to regulate the threshold voltage of the transistor.
[0028] In some embodiments, after the channel layer, the second gate dielectric layer, and
the gate that cover the sidewalls of each of the channel holes are sequentially formed, the
manufacturing method further includes the following steps.

[0029] The interlayer insulating layers in the second stacked sub-structure, the third
stacked sub-structure, and the fifth stacked sub-structure are removed to form second gaps.
The second gaps expose parts of the channel layer that are disposed opposite to each other in
the second direction.

[0030] The channel layer exposed through the second gaps is removed.

[0031] The second gaps are filled with an isolation material to form second interlayer
isolation layers. The first interlayer isolation layers and the second interlayer isolation layers
divide the channel layer in each of the channel holes into channel portions of multiple
transistors, two opposite sidewalls of each of the channel portions in the second direction
respectively form a first source/drain and a second source/drain, multiple transistors arranged
in a third direction are connected to the same gate, and the third direction is perpendicular to
the substrate.

[0032] In some embodiments, after the second gaps are filled with the isolation material
to form the second interlayer isolation layers, the manufacturing method further includes the
following steps.

[0033] The semiconductor layers in the fifth stacked sub-structure are removed to form
third gaps. The third gaps expose the first source/drain.

[0034] The third gaps are filled with a conductive material to form multiple bit lines
extending in the first direction and electrically connected to the first source/drain.

[0035] In some embodiments, after the second gaps are filled with the isolation material
to form the second interlayer isolation layers, the manufacturing method further includes the
following steps.

[0036] The semiconductor layers in the third stacked sub-structure are removed to form
fourth gaps. The fourth gaps expose the second source/drain.

[0037] Storage capacitors electrically connected to the second source/drain are formed in

the fourth gaps.
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[0038] In some embodiments, after the second gaps are filled with the isolation material
to form the second interlayer isolation layers, the manufacturing method further includes the
following steps.

[0039] The semiconductor layers in the fifth stacked sub-structure are removed to form
the third gaps. The third gaps expose the first source/drain.

[0040] Etching is performed to form the threshold voltage regulation hole running
through the first stacked sub-structure. The threshold voltage regulation hole is located
between adjacent channel holes. The remaining semiconductor layers located between the
adjacent channel holes serve as the back gates.

[0041] The third gaps and the threshold voltage regulation hole are simultaneously filled
with the conductive material to respectively form the multiple bit lines extending in the first
direction and electrically connected to the first source/drain and the threshold voltage
regulation structure electrically connected to the back gates. The threshold voltage regulation
structure is configured to regulate the threshold voltage of the transistor.

[0042] According to a second aspect, an embodiment of the present disclosure provides a

semiconductor device. The semiconductor device includes:

a substrate;

multiple channel portions arrayed in a first direction and a third direction, the first
direction being parallel to the substrate, and the third direction being perpendicular to the
substrate;

a gate extending in the third direction and passing through the channel portions;

a second gate dielectric layer located between the channel portions and the gate,
each of the channel portions, the second gate dielectric layer, and the gate jointly forming a
transistor;

a first gate dielectric layer covering two sidewalls that are of each of the channel
portions and that are disposed opposite to each other in the first direction; and

back gates located between adjacent transistors arranged in the first direction, the
back gates being in contact with the first gate dielectric layer, and each of the back gates being

configured to regulate a threshold voltage of the transistor.

[0043] In some embodiments, two opposite sidewalls of each of the channel portions in a
second direction respectively form a first source/drain and a second source/drain; the second

direction is parallel to the substrate and intersects with the first direction; and the
5
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semiconductor device further includes:

bit lines extending in the first direction, where multiple first sources/drains
arranged in the first direction are connected to the same bit line; and
multiple storage capacitors, the storage capacitors being connected to the second

source/drain.

[0044] In some embodiments, the semiconductor device further includes:

a threshold voltage regulation structure located between adjacent back gates of
adjacent channel portions arranged in the first direction, the threshold voltage regulation
structure extending in the third direction and being electrically connected to multiple back
gates arranged in the third direction.

[0045] In some embodiments, each of the channel portions is of a ring-shaped structure

parallel to the substrate; and

the size of the channel portion in the second direction is greater than or equal to
the size of the back gate in the second direction.
[0046] Embodiments of the present disclosure provide a semiconductor device and a
manufacturing method therefor. In the embodiments of the present disclosure, the multiple
channel holes running through the stacked structure are formed, and the gate is formed in each
of the channel holes and the semiconductor layers in the stacked structure serve as the back
gates. In this way, the threshold voltage of the transistor can be regulated through the back

gate.

BRIEF DESCRIPTION OF DRAWINGS

[0047] FIG. 1 is a schematic diagram of a three-dimensional structure of a semiconductor
device according to an example;

[0048] FIG. 2 is a schematic flowchart of a manufacturing method for a semiconductor
device according to an embodiment of the present disclosure;

[0049] FIG. 3A to FIG. 3P are schematic diagrams of three-dimensional structures of a
semiconductor device according to an example in a manufacturing procedure;

[0050] FIG. 4A to FIG. 4F are schematic diagrams of sectional structures of a
semiconductor device according to an example in a manufacturing procedure;

[0051] FIG. 5A and FIG. 5B are schematic diagrams of structures of a semiconductor
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[0052] FIG. 6A and FIG. 6B are schematic diagrams of structures of a semiconductor

device according to another example.

DESCRIPTION OF EMBODIMENTS

[0053] The technical solutions of the implementations of the present disclosure will be
described below in detail with reference to the implementations and the accompanying
drawings of the present disclosure. Clearly, the described implementations are some rather
than all of the implementations of the present disclosure. Based on the implementations of the
present disclosure, all other implementations obtained by a person of ordinary skill in the art
without creative efforts fall within the protection scope of the present disclosure.

[0054] In the following descriptions, a large quantity of specific details are given to
provide a more thorough understanding of the present disclosure. However, it is obviously to
a person skilled in the art that the present disclosure may be implemented without one or more
of these details. In other examples, some technical features well-known in the art are not
described to avoid confusion with the present disclosure. That is, not all features of actual
embodiments are described herein, and well-known functions and structures are not described
in detail.

[0055] In the accompanying drawings, for clarity, sizes of a layer, a region, and an element,
and relative sizes thereof may be exaggerated. The same reference numerals always indicate
the same elements.

[0056] It should be understood that, an element or a layer may be directly on, adjacent to,
connected to, or coupled to another element or layer or there may be an intermediate element
or layer when the element or the layer is referred to as "on", "adjacent to", "connected to", or
"coupled to" the another element or layer. Instead, there is no intermediate element or layer
when an element is referred to as "directly on", "directly adjacent to", "directly connected to",
or "directly coupled to" another element or layer. It should be understood that, although the
terms "first", "second", "third", and the like may be utilized to describe various elements,
components, regions, layers, and/or portions, these elements, components, regions, layers,

and/or portions shall not be limited by these terms. These terms are merely utilized to
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distinguish one element, component, region, layer, or portion from another element,
component, region, layer, or portion. Therefore, a first element, component, region, layer, or
portion discussed below may be represented as a second element, component, region, layer,
or portion without departing from the teachings of the present disclosure. However, when the
second element, component, region, layer, or portion is discussed, it does not necessarily
indicate that there is the first element, component, region, layer, or portion necessarily in the
present disclosure.

[0057] Spatial relationship terms, e.g., "under", "below", "underlying", "beneath", "over",
and "above" may be utilized herein for convenience of description, to describe the relationship
between one element or feature and another element or feature shown in the figures. It should
be understood that in addition to the orientations shown in the figures, the spatial relationship
terms are further intended to include different orientations of components in use and operation.
An element or a feature described as "below another element" is oriented to be "above" the
another element or feature, for example, if the components in the accompanying drawings are
flipped. Therefore, the example terms "below" and "beneath" may include orientations of
being above and being below. The component may be otherwise oriented (rotated by 90
degrees or oriented in another manner), and the spatial descriptors utilized herein are
interpreted accordingly.

[0058] The terms utilized herein are intended merely to describe specific embodiments
and are not construed as a limitation on the present disclosure. As utilized herein, the singular
forms "a/an", "one", and "the" are also intended to include plural forms unless the context
clearly indicates otherwise. It should also be understood that the terms "constitute" and/or
"include" are utilized in the specification to determine the presence of the feature, integer,
step, operation, element, and/or component, but not rule out the presence or addition of one
or more other features, integers, steps, operations, elements, components, and/or groups. As
utilized herein, the term "and/or" includes any and all combinations of the related items listed.
[0059] For a thorough understanding of the present disclosure, detailed steps and detailed
structures are provided in the following descriptions to illustrate the technical solutions of the

present disclosure. Preferred embodiments of the present disclosure are described in detail as

follows. However, the present disclosure may have other implementations in addition to these
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detailed descriptions.

[0060] Referring to FIG. 1, FIG. 1 is a schematic diagram of a three-dimensional structure
of a semiconductor device according to an example. As shown in FIG. 1, the semiconductor
device 100 includes: a substrate (not shown in FIG. 1) and multiple semiconductor pillars 101
located on the substrate, the semiconductor pillars 101 extending in a Y direction and being
arrayed in an X direction and a Z direction, and in the extension direction, each of the
semiconductor pillars 101 including a source, a drain, and a channel region located between
the source and the drain; word lines 102 surrounding channel regions of the semiconductor
pillars 101, where the word lines 102 extend in the Z direction and multiple semiconductor
pillars 101 arranged in the Z direction are connected to the same word line 102; bit lines 104
connected to sources or drains of the semiconductor pillars 101, where the bit lines 104 extend
in the X direction and sources or drains of multiple semiconductor pillars 101 arranged in the
X direction are connected to the same bit line 104; and storage capacitors 106 connected to
the drains or the sources of the semiconductor pillars 101, the storage capacitors 106
extending in the Y direction.

[0061] In the foregoing example, an angle between the X direction and the Y direction is
90 degrees, and both the X direction and the Y direction are perpendicular to the Z direction.
In another example, the angle between the X direction and the Y direction may alternatively
be another angle, for example, 30 degrees, or 45 degrees. An angle between two of the X
direction, the Y direction, and the Z direction is not limited in this example.

[0062] As shown in FIG. 1, the semiconductor device 100 further includes: multiple
word-line extension lines 103, the word-line extension lines 103 extending in the Z direction
and being arranged in the X direction, and the bottoms of different word-line extension lines
103 being connected to different word lines 102; and multiple bit-line extension lines 105, the
bit-line extension lines 105 extending in the Z direction and being arranged in the X direction,
and the bottoms of different bit-line extension lines 105 being connected to different bit lines
104.

[0063] The semiconductor device 100 further includes isolation layers 107. The isolation
layers 107 extend in the X-direction. Each of the word lines 102 is located between adjacent

isolation layers 107 in the Y-direction. The semiconductor pillars 101 pass through the
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isolation layers 107 in the Y direction. The isolation layers 107 may isolate the word lines 102
from the sources and the drains of the semiconductor pillars 101, to avoid electric leakage
between the channel regions and the sources or the drains of transistors formed through the
semiconductor pillars, thereby preventing the performance of the semiconductor device from
being affected.

[0064] The semiconductor device 100 in the foregoing example is a three-dimensional
dynamic random access memory (3D Dynamic Random Access Memory, 3D DRAM) of a
structure in which one transistor corresponds to one storage capacitor (1T1C). An indium
gallium zinc oxide (Indium Gallium Zinc Oxide, IGZO) is utilized as a channel material of
the DRAM, to further reduce electric leakage to improve the electrical performance of the
DRAM. In addition, a manufacturing process of the DRAM is relatively simple and costs are
relatively low, so that the DRAM has become an important research object in the current
industry.

[0065] However, a threshold voltage of the IGZO as an N-type semiconductor material is
more inclined to a negative voltage, but for the DRAM, a positive threshold voltage is more
conducive to reducing electric leakage, thereby prolonging a retention time (Retention Time)
of stored data.

[0066] In view of this, embodiments of the present disclosure provide a semiconductor
device and a manufacturing method therefor.

[0067] Referring to FIG. 2, FIG. 2 is a schematic flowchart of a manufacturing method
for a semiconductor device according to an embodiment of the present disclosure. As shown
in FIG. 2, an embodiment of the present disclosure provides a manufacturing method for a
semiconductor device. The manufacturing method includes the following steps.

[0068] In the step of S201, a substrate and a stacked structure located on the substrate are
provided. The stacked structure includes semiconductor layers and interlayer insulating layers
that are alternately stacked.

[0069] In the step of S202, multiple channel holes running through the stacked structure
are formed. The semiconductor layers located between adjacent channel holes are configured
to form back gates.

[0070] In the step of S203, oxidation processing is performed on the semiconductor layers
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exposed at sidewalls of the channel holes to form first gate dielectric layers.

[0071] In the step of S204, a channel layer, a second gate dielectric layer, and a gate that
cover sidewalls of each of the channel holes are sequentially formed. The channel layer, the
second gate dielectric layer, and the gate jointly form a transistor, and each of the back gates
is configured to regulate a threshold voltage of the transistor.

[0072] In this embodiment of the present disclosure, the multiple channel holes running
through the stacked structure are formed, and the first gate dielectric layer, the channel layer,
the second gate dielectric layer, and the gate are sequentially formed in each of the channel
holes. The channel layer, the second gate dielectric layer, and the gate jointly form the
transistor, and the original semiconductor layers in the stacked structure serve as the back
gates. In this way, the threshold voltage of the transistor can be regulated through the back
gate.

[0073] Referring to FIG. 3A to FIG. 3P, FIG. 3A to FIG. 3P are schematic diagrams of
three-dimensional structures of a semiconductor device according to an example in a
manufacturing procedure. Referring to FIG. 4A to FIG. 4F, FIG. 4A to FIG. 4F are schematic
diagrams of sectional structures of a semiconductor device according to an example in a
manufacturing procedure. The manufacturing procedure of the semiconductor device is
described in detail below with reference to FIG. 3A to FIG. 3P and FIG. 4A to FIG. 4F.
[0074] In this embodiment of the present disclosure, in the step of S201, a substrate 201
and a stacked structure 202 located on the substrate 201 are provided. The stacked structure
202 includes semiconductor layers 203 and interlayer insulating layers 204 that are alternately
stacked.

[0075] As shown in FIG. 3A, the semiconductor layers 203 and the interlayer insulating
layers 204 that are successively alternately stacked are formed on the substrate 201. The
semiconductor layers 203 and the interlayer insulating layers 204 that are alternately stacked
jointly form the stacked structure 202. A cover layer 205 is formed on the stacked structure
202.

[0076] The substrate 201 may be a semiconductor substrate, and specifically includes at
least one monoatomic semiconductor material (for example, a silicon (Si) substrate or a

germanium (Ge) substrate), at least one III-V compound semiconductor material (for example,
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a gallium nitride (GaN) substrate, a gallium arsenide (GaAs) substrate, or an indium
phosphide (InP) substrate), at least one II-VI compound semiconductor material, at least one
organic semiconductor material, or another semiconductor material known in the art, or may
include another substrate including a semiconductor material, for example, a silicon on
insulator (SOI) substrate, a germanium on insulator (GeOIl) substrate, a multi-crystal
semiconductor layer on an insulating layer, or a silicon-germanium substrate.

[0077] The material of the semiconductor layers 203 may include but is not limited to a
polysilicon material. The material of the interlayer insulating layers 204 may include but is
not limited to a silicon oxide material. Quantities and thicknesses of semiconductor layers and
interlayer insulating layers are not specifically limited in the present disclosure.

[0078] The material of the cover layer 205 may include but is not limited to a silicon
nitride material.

[0079] A process of forming the semiconductor layers 203, the interlayer insulating layers
204, and the cover layer 205 may include but is not limited to chemical vapor deposition
(Chemical Vapor Deposition, CVD), physical vapor deposition (Physical Vapor Deposition,
PVD), atomic layer deposition (Atomic Layer Deposition, ALD), or any combination thereof.
[0080] In this embodiment of the present disclosure, the thickness direction of the
substrate is defined as a third direction, that is, a Z direction. Alternatively, a direction
perpendicular to a surface of the substrate is defined as a third direction, that is, a Z direction.
A first direction and a second direction that intersect with each other are defined in a plane
perpendicular to the third direction. The first direction is an X direction and the second
direction is a Y direction. In an example, two of the X direction, the Y direction, and the Z
direction may be perpendicular to each other.

[0081] As shown in FIG. 3B, in some embodiments, before the step of S202, the
manufacturing method further includes the following step. The cover layer 205 and the
stacked structure 202 are sequentially etched in the Z direction to form multiple groove groups
206 running through the stacked structure and arranged in the first direction (that is, the X
direction). Each of the groove groups 206 includes a first groove 207 and a second groove
208 that are disposed in parallel in the second direction (that is, the Y direction). FIG. 3B

shows three groove groups 206 sequentially arranged in the X direction. Each of the groove
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groups 206 includes a first groove 207 and a second groove 208 that are disposed in parallel
in the Y direction.

[0082] A process of forming the first groove 207 and the second groove 208 may include
but is not limited to wet etching, dry etching, or a combination thereof.

[0083] First grooves 207 and second grooves 208 divide the stacked structure 202 into
multiple components. The remaining stacked structure 202 includes a first stacked sub-
structure 209 located between the first groove 207 and the second groove 208, a second
stacked sub-structure 210 (as shown by a dashed circle in FIG. 3B) located between two
adjacent first grooves 207 in the X direction, a third stacked sub-structure 211 located between
two adjacent second grooves 208 in the X direction, a fourth stacked sub-structure 212 (as
shown by a dashed square in FIG. 3B) located between two adjacent first stacked sub-
structures 209 in the X direction, and a fifth stacked sub-structure 213 located on a side of the
first groove 207 and a side of the second stacked sub-structure 210. The fourth stacked sub-
structure 212 is also located between the second stacked sub-structure 210 and the third
stacked sub-structure 211 that are arranged in the Y direction, and a region in which the fourth
stacked sub-structure 212 is located is configured to form the transistor of the semiconductor
device.

[0084] The remaining stacked structure is divided to facilitate describing the
manufacturing procedure of the semiconductor device, a difference between different stacked
sub-structures lies in positional relationships thereof relative to the first groove and the second
groove.

[0085] In addition, for ease of illustration of the accompanying drawings, none of FIG.
3B to FIG. 3P shows the substrate.

[0086] As shown in FIG. 3B and FIG. 3C, the first grooves 207 and the second grooves
208 are filled with an isolation material to form isolation structures 214.

[0087] A process of forming the semiconductor layers 203 and the interlayer insulating
layers 204 may include but is not limited to CVD, PVD, ALD, or any combination thereof.
[0088] The material of the isolation structures 214 may include a low dielectric constant
material, for example, silicon oxide, silicon nitride, silicon carbide, nitrogenous silicon

carbide, or silicon oxynitride. In some embodiments, the cover layer 205 and the isolation
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structures 214 may be made of the same material or different materials. FIG. 3C shows that
the cover layer 205 and the isolation structures 214 are made of the same material, that is, a
silicon nitride material. The top surface of the cover layer 205 may be flush with the top
surfaces of the isolation structures 214.

[0089] In this embodiment of the present disclosure, in the step of S202, multiple channel
holes 215 running through the stacked structure 202 are formed. The semiconductor layers
203 located between adjacent channel holes 215 are configured to form back gates 222.
[0090] As shown in FIG. 3D, in some embodiments, the step of S202 includes the
following step. In the Z direction, the cover layer 205 and at least fourth the stacked sub-
structure 212 in the stacked structure 202 are sequentially etched to form the multiple channel
holes 215 running through the stacked structure 202 and arranged in the first direction (that
is, the X direction). An orthographic projection area of each of the channel holes 215 on the
substrate (that is, an XY plane) is greater than or equal to an orthographic projection area of
the fourth stacked sub-structure 212 on the substrate (that is, the XY plane).

[0091] In some examples, only the fourth stacked sub-structure 212 in the stacked
structure 202 is etched. Then, an orthographic projection area of each of the formed channel
holes 215 on the XY plane is equal to an orthographic projection area of the fourth stacked
sub-structure 212 on the XY plane. In some examples, the fourth stacked sub-structure 212
and at least a part of the first stacked sub-structure 209 in the stacked structure 202 are
simultaneously etched. Then, the size of each of the formed channel holes 215 in the X
direction is greater than the size of the fourth stacked sub-structure 212 in the X direction,
and an orthographic projection area of each of the channel holes 215 on the XY plane is
greater than an orthographic projection area of the fourth stacked sub-structure 212 on the XY
plane. In some examples, the fourth stacked sub-structure 212 and at least a part of the second
stacked sub-structure 210 and/or at least a part of the third stacked sub-structure 211 in the
stacked structure 202 are simultaneously etched. Then, the size of each of the formed channel
holes 215 in the Y direction is greater than the size of the fourth stacked sub-structure 212 in
the Y direction, and an orthographic projection area of each of the channel holes 215 on the
XY plane is greater than an orthographic projection area of the fourth stacked sub-structure

212 on the XY plane.
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[0092] It should be noted that when only the fourth stacked sub-structure 212 in the
stacked structure 202 is etched, a bit line contact structure may be subsequently formed in a
space occupied by the second stacked sub-structure 210.

[0093] A process of forming the channel holes 215 may include but is not limited to wet
etching, dry etching, or a combination thereof.

[0094] In this embodiment of the present disclosure, orthographic projections of the
channel holes 215 on the XY plane may be quadrilateral, and each of the channel holes 215
includes four sidewalls. Two of the sidewalls are disposed opposite to each other in the X
direction, and the other two of the sidewalls are disposed opposite to each other in the Y
direction. In another embodiment, orthographic projections of the channel holes 215 on the
XY plane may alternatively be circular or oval. Then, each of the channel holes 215 includes
at least two end portions disposed opposite to each other in the Y direction. The shape of the
orthographic projections of the channel holes 215 on the XY plane is not specifically limited
in the present disclosure.

[0095] In this embodiment of the present disclosure, in the step of S203, oxidation
processing is performed on the semiconductor layers 203 exposed at sidewalls of the channel
holes 215 to form first gate dielectric layers 216.

[0096] FIG. 3D cannot show an internal structure of the channel holes 215. Referring to
FIG. 4A, FIG. 4A is a schematic diagram of an XZ sectional structure along a cross section
A-A in FIG. 3D. As shown in FIG. 4A, the bottoms of the channel holes 215 formed through
etching expose the substrate 201, and the sidewalls of the channel holes 215 expose sidewalls
of the semiconductor layers 203 and the interlayer insulating layers 204 that are alternately
stacked and sidewalls of the cover layer 205. Oxidation processing is performed on the
semiconductor layers 203 exposed at the sidewalls of the channel holes 215 to form the first
gate dielectric layers 216.

[0097] The material of the semiconductor layers 203 may include but is not limited to a
polysilicon material, but a silicon oxide material may be formed after oxidation processing.
[0098] In this embodiment of the present disclosure, in the step of S204, a channel layer
217, a second gate dielectric layer 218, and a gate 219 that cover sidewalls of each of the

channel holes 215 are sequentially formed. The channel layer 217, the second gate dielectric
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layer 218, and the gate 219 jointly form a transistor 220, and each of the back gates 222 is
configured to regulate a threshold voltage of the transistor 220. In some examples, the
semiconductor layers 203 may be made of a P-type heavily doped polysilicon material with a
doping concentration of 1E21 cm™ to 1E23 cm > and a work function of 4 eV to 5.5 eV.
[0099] As shown in FIG. 3E, the channel layer 217 covering the sidewalls of each of the
channel holes 215 is formed. The channel layer 217 directly contacts the first gate dielectric
layers 216 and the interlayer insulating layers 204 that are exposed at the sidewalls of the
channel hole 215 and that are alternately disposed.

[00100] The material of the channel layer 217 may include but is not limited to an oxide
semiconductor material, for example, IGZO, zinc tin oxide (Zinc Tin Oxide, ZTO), indium
zinc oxide (Indium Zinc Oxide, 1ZO), zinc oxide, indium gallium silicon oxide (Indium
Gallium Silicon Oxide, IGSO), or indium oxide.

[00101] As shown in FIG. 3F, the second gate dielectric layer 218 covering the sidewalls
of each of the channel holes 215 is formed. The second gate dielectric layer 218 directly
contacts the channel layer 217 in the channel hole 215.

[00102] The material of the second gate dielectric layer 218 may include but is not limited
to a high dielectric constant material, a silicon oxide material, a silicon nitride material, a
silicon oxynitride material, or a combination thereof.

[00103] As shown in FIG. 3G, each of the channel holes 215 is fully filled with a
conductive material to form the gate 219. The gate 219 directly contacts the second gate
dielectric layer 218 in the channel hole 215.

[00104] For example, the channel hole 215 is filled with the conductive material, and the
conductive material may be located on the surface of the cover layer 205 while fully filling
the channel hole 215. Planarization processing is performed on the conductive material, so
that the surface of the conductive material in the channel hole 215 is basically flush with the
surface of the cover layer 205 to expose the surface of the cover layer 205. The conductive
material in the channel hole 215 forms the gate 219.

[00105] The material of the gate 219 may include but is not limited to metal, a metal
compound, or alloy. The metal may be, for example, copper, aluminum, tungsten, gold, or

silver. The metal compound may be, for example, tantalum nitride or titanium nitride. The
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alloy may be alloy formed through at least two metal elements in copper, aluminum, tungsten,
gold, or silver.

[00106] A process of forming the channel layer 217, the second gate dielectric layer 218,
and the gate 219 may include but is not limited to CVD, PVD, ALD, or any combination
thereof.

[00107] Referring to FIG. 4B, FIG. 4B is a schematic diagram of an XZ sectional structure
along a cross section B-B in FIG. 3G. As shown in FIG. 4B, each of the channel holes 215
sequentially includes the first gate dielectric layers 216, the channel layer 217, the second
gate dielectric layer 218, and the gate 219 in a radial inward direction. The semiconductor
layers 203 and the interlayer insulating layers 204 that are alternately stacked in the stacked
structure surround the channel hole 215, and the semiconductor layers 203 directly contact
the first gate dielectric layers 216. The channel layer 217, the second gate dielectric layer 218,
and the gate 219 shown in FIG. 3G and FIG. 4B jointly form the transistor 220. The transistor
220 may be a channel all around (Channel All Around, CAA) transistor. The second gate
dielectric layer 218 surrounds the gate 219, and the channel layer 217 surrounds the second
gate dielectric layer 218.

[00108] In addition, for ease of illustration of the accompanying drawings, none of FIG.
4B to FIG. 4F shows the substrate.

[00109] In some embodiments, after the step of S204, the manufacturing method further
includes the following steps.

[00110] The interlayer insulating layers 204 in the first stacked sub-structure 209 are
removed to form first gaps 223. The first gaps 223 expose parts of the channel layer 217 that
are disposed opposite to each other in the first direction.

[00111] The channel layer 217 exposed through the first gaps 223 is removed.

[00112] The first gaps 223 are filled with an isolation material to form first interlayer
isolation layers 224.

[00113] As shown in FIG. 3H, in some embodiments, removal of the interlayer insulating
layers 204 in the first stacked sub-structure 209 to form the first gaps 223 includes the
following steps. In the Z direction, the cover layer 205 and the first stacked sub-structure 209

in the stacked structure 202 are sequentially etched to form a threshold voltage regulation hole
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221 running through the first stacked sub-structure 209. The threshold voltage regulation hole
221 is located between adjacent channel holes 215 in the X direction, and the remaining
semiconductor layers 203 located between the adjacent channel holes 215 in the X direction
serve as the back gates 222. Through the threshold voltage regulation hole 221, lateral etching
is (that is, in the X direction) performed along the threshold voltage regulation hole 221 to
remove the interlayer insulating layers 204 in the first stacked sub-structure 209 to form the
first gaps 223. The threshold voltage regulation hole 221 and the first gaps 223 are in
communication.

[00114] A process of forming the threshold voltage regulation hole 221 and the first gaps
223 may include but is not limited to wet etching, dry etching, or a combination thereof.
[00115] Referring to FIG. 4C, FIG. 4C is a schematic diagram of an XZ sectional structure
along a cross section C-C in FIG. 3H. As shown in FIG. 3H and FIG. 4C, after the threshold
voltage regulation hole 221 and the first gaps 223 are formed, the first gaps 223 expose the
parts of the channel layer 217 that are disposed opposite to each other in the X direction. In
other words, in this case, the first gaps 223 expose the channel layer 217 located on two
opposite sidewalls of the channel hole 215 in the X direction.

[00116] The remaining semiconductor layers located between the adjacent channel holes
215 in the X direction serve as the back gates 222. The first gate dielectric layers 216 are
located between the channel layer 217 and the back gates 222. The second gate dielectric layer
218 is located between the channel layer 217 and the gate 219.

[00117] In this embodiment of the present disclosure, the stacked structure including the
semiconductor layers and the interlayer insulating layers that are alternately stacked is formed,
the remaining semiconductor layers that are located between the adjacent channel holes and
that are obtained after etching serve as the back gates subsequently without additionally
forming back gates. In this way, the manufacturing process of the semiconductor device can
be simplified. In addition, the threshold voltage of the transistor may be regulated through the
back gate to reduce a leakage current of the semiconductor device, thereby improving
electrical performance of the semiconductor device.

[00118] Referring to FIG. 31 and FIG. 4D, FIG. 4D is a schematic diagram of an XZ

sectional structure along a cross section D-D in FIG. 31. As shown in FIG. 31 and FIG. 4D,
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the channel layer 217 exposed through the first gaps 223 is laterally removed through etching.
In this case, the first gaps 223 expose parts of the second gate dielectric layer 218 that are
disposed opposite to each other in the X direction. In other words, in this case, the first gaps
223 expose the second gate dielectric layer 218 located on the two opposite sidewalls of each
of the channel holes 215 in the X direction.

[00119] A process of removing the channel layer 217 exposed through the first gaps 223
may include but is not limited to wet etching, dry etching, or a combination thereof.

[00120] Referring to FIG. 3J and FIG. 4E, FIG. 4E is a schematic diagram of an XZ
sectional structure along a cross section E-E in FIG. 3J. As shown in FIG. 3J and FIG. 4E, in
some embodiments, filling of the first gaps 223 with the isolation material to form the first
interlayer isolation layers 224 includes: The first gaps 223 and the threshold voltage regulation
hole 221 are filled with the isolation material through the threshold voltage regulation hole
221, so that at least the first gaps 223 are fully filled with the isolation material. The isolation
material located in the first gaps 223 forms the first interlayer isolation layers 224.

[00121] The first interlayer isolation layers 224 directly contact the second gate dielectric
layer 218 on the two opposite sidewalls of the channel hole 215 in the X direction. FIG. 4E
shows that the channel layer 217 on the two opposite sidewalls of the channel hole 215 in the
X direction is divided by multiple first interlayer isolation layers 224. In this way, the channel
layer 217 in the schematic diagram of the XZ sectional structure is divided by the first
interlayer isolation layers 224.

[00122] The material of the first interlayer isolation layers 224 may include but is not
limited to a low dielectric constant material, for example, at least one of silicon oxide, silicon
nitride, silicon carbide, nitrogenous silicon carbide, or silicon oxynitride.

[00123] As shown in FIG. 3J and FIG. 4E, the isolation material in the threshold voltage
regulation hole 221 is removed. A conductive material is filled in the threshold voltage
regulation hole 221 to form a threshold voltage regulation structure 225 electrically connected
to the back gates 222. The threshold voltage regulation structure 225 is configured to regulate
the threshold voltage of the transistor 220.

[00124] Both two opposite sidewalls of the threshold voltage regulation structure 225 in

the Z direction contact the back gates.
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[00125] In this embodiment of the present disclosure, the threshold voltage regulation
structure may be further formed. The threshold voltage of the transistor may be further
regulated through the threshold voltage regulation structure when the threshold voltage of the
transistor is regulated through the back gate, thereby improving a regulation effect of the
threshold voltage of the transistor.

[00126] The material of the threshold voltage regulation structure 225 may include but is
not limited to metal, a metal compound, or alloy. The metal may be, for example, copper,
aluminum, tungsten, gold, or silver. The metal compound may be, for example, tantalum
nitride or titanium nitride. The alloy may be alloy formed through at least two metal elements
in copper, aluminum, tungsten, gold, or silver.

[00127] A process of forming the first interlayer isolation layers 224 and the threshold
voltage regulation structure 225 may include but is not limited to CVD, PVD, ALD, or any
combination thereof.

[00128] As shown in FIG. 3K, in some embodiments, after the channel layer 217, the
second gate dielectric layer 218, and the gate 219 that cover the sidewalls of each of the
channel holes 215 are sequentially formed, the manufacturing method further includes the
following step. The interlayer insulating layers 204 in the second stacked sub-structure 210,
the third stacked sub-structure 211, and the fifth stacked sub-structure 213 are removed
through etching to form second gaps 226. In this case, the second gaps 226 expose parts of
the channel layer 217 that are disposed opposite to each other in the Y direction. In other
words, in this case, the second gaps 226 expose the channel layer 217 located on the two
opposite sidewalls of the channel hole 215 in the Y direction.

[00129] A process of forming the second gaps 226 may include but is not limited to wet
etching, dry etching, or a combination thereof.

[00130] As shown in FIG. 3K, the channel layer 217 exposed through the second gaps 226
is removed. In this case, the second gaps 226 expose parts of the second gate dielectric layer
218 that are disposed opposite to each other in the Y direction. In other words, in this case,
the second gaps 226 expose the second gate dielectric layer 218 located on the two opposite
sidewalls of the channel hole 215 in the Y direction.

[00131] A process of removing the channel layer 217 exposed through the second gaps 226
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may include but is not limited to wet etching, dry etching, or a combination thereof.

[00132] By removing the parts of the channel layer 217 that correspond to the interlayer
insulating layers 204, the channel layer 217 between transistors 220 is disconnected in the Z
direction to form channel portions 228 in a self-aligned manner, so that mutual interference
between adjacent transistors 220 can be avoided, thereby reducing electric leakage of the
transistors 220.

[00133]  Still as shown in FIG. 3L, the second gaps 226 are filled with an isolation material
to form second interlayer isolation layers 227. The first interlayer isolation layers 224 and the
second interlayer isolation layers 227 divide the channel layer 217 in each of the channel holes
215 into channel portions 228 of multiple transistors 220. In this way, the channel layer 217
in the schematic diagram of the XZ sectional structure and the schematic diagram of the YZ
sectional structure is divided by both the first interlayer isolation layers 224 and the second
interlayer isolation layers 227.

[00134] Referring to FIG. 4F, FIG. 4F is a schematic diagram of a YZ sectional structure
along a cross section F-F in FIG. 3H. As shown in FIG. 3L and FIG. 4F, the second interlayer
isolation layers 227 contact the second gate dielectric layer 218 on the two opposite sidewalls
of the channel hole 215 in the Y direction. The channel layer 217 on the two opposite sidewalls
of the channel hole 215 in the X direction is divided by the multiple first interlayer isolation
layers 224, that is, the first interlayer isolation layers 224 and the second interlayer isolation
layers 227 jointly divide the channel layer 217 in each of the channel holes 215 into the
channel portions 228 of the multiple transistors 220 to form the multiple transistors 220
arranged in the Z direction. The multiple transistors 220 arranged in the Z direction are
connected to the same gate 219, and multiple transistors 220 arranged in the X direction are
connected to different gates 219.

[00135] The material of the second interlayer isolation layers 227 may include but is not
limited to a low dielectric constant material, for example, at least one of silicon oxide, silicon
nitride, silicon carbide, nitrogenous silicon carbide, or silicon oxynitride.

[00136] A process of forming the second interlayer isolation layers 227 may include but is
not limited to CVD, PVD, ALD, or any combination thereof.

[00137] In this embodiment of the present disclosure, the interlayer insulating layers 204
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in the first stacked sub-structure 209 are first removed through etching to form the first gaps
223, and the interlayer insulating layers 204 in the second stacked sub-structure 210, the third
stacked sub-structure 211, and the fifth stacked sub-structure 213 are then removed through
etching to form the second gaps 226. That is, the first interlayer isolation layers 224 are formed
first, and then the second interlayer isolation layers 227 are formed.

[00138] In another embodiment, the second gaps may be formed before the first gaps are
formed, that is, the second interlayer isolation layers may be formed before the first interlayer
isolation layers are formed. In some other embodiments, the second gaps and the first gaps
may be simultaneously formed, and the exposed parts of the channel layer may be
simultaneously removed through the second gaps and the first gaps. A process sequence of
forming the first gaps and the second gaps is not specifically limited in the present disclosure,
provided that the channel layer can be divided into the multiple channel portions arranged in
the Z direction.

[00139] In this embodiment of the present disclosure, the transistors are arrayed in the X
direction and the Z direction. The first interlayer isolation layers and the second interlayer
isolation layers isolate the transistors arranged in the Z direction from each other. There is no
additional isolation structure between the multiple transistors arranged in the X direction.
Therefore, an area occupied by a single transistor is reduced, thereby helping improve
integration density of the semiconductor device.

[00140] Still as shown in FIG. 4F, in some embodiments, a first source/drain 229 and a
second source/drain 230 are respectively formed on two opposite sidewalls of each of the
channel portions 228 in the second direction (that is, the Y direction).

[00141] It should be noted that, in this embodiment of the present disclosure, the first
source/drain 229 is configured to connect to a bit line, and the second source/drain 230 is
configured to connect to a storage capacitor. When the first source/drain serves as the source
of the transistor, the second source/drain correspondingly serves as the drain of the transistor;
and when the first source/drain serves as the drain of the transistor, the second source/drain
correspondingly serves as the source of the transistor.

[00142] As shown in FIG. 3M, in some embodiments, after the second gaps 226 are filled

with the isolation material to form the second interlayer isolation layers 227, the
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manufacturing method further includes the following step. The semiconductor layers 203 in
the fifth stacked sub-structure 213 are removed through etching to form third gaps 231. In this
case, the third gaps 231 expose the first source/drain 229.

[00143] It should be noted that, as described above, if only the fourth stacked sub-structure
212 in the stacked structure 202 is etched in the procedure of forming the channel holes 215,
in this case, the semiconductor layers 203 in the second stacked sub-structure 210 further need
to be removed, and bit line contact structures are formed in spaces occupied by the
semiconductor layers 203 in the second stacked sub-structure 210. If the fourth stacked sub-
structure 212 and the second stacked sub-structure 210 in the stacked structure 202 are etched
in the procedure of forming the channel holes 215, in this case, only the semiconductor layers
203 in the fifth stacked sub-structure 213 need to be removed to form the third gaps 231.
[00144] A process of forming the third gaps 231 may include but is not limited to wet
etching, dry etching, or a combination thereof.

[00145] As shown in FIG. 3N, in some embodiments, the third gaps 231 are filled with a
conductive material to form multiple bit lines 232 extending in the first direction (that is, the
X direction) and electrically connected to the first source/drain 229, and multiple first
sources/drains 229 arranged in the X direction are connected to the same bit line 232.
[00146] The material of the bit lines 232 may include but is not limited to metal, a metal
compound, or alloy. The metal may be, for example, copper, aluminum, tungsten, gold, or
silver. The metal compound may be, for example, tantalum nitride or titanium nitride. The
alloy may be alloy formed through at least two metal elements in copper, aluminum, tungsten,
gold, or silver.

[00147] A process of forming the bit lines 232 may include but is not limited to wet etching,
dry etching, or a combination thereof.

[00148] In some embodiments, bit-line extension lines may be further formed, and the
bottoms of different bit-line extension lines are connected to different bit lines.

[00149] The bit lines and the bit-line extension lines may be made of the same material or
different materials.

[00150] As shown in FIG. 30, in some embodiments, after the second gaps 226 are filled

with the isolation material to form the second interlayer isolation layers 227, the
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manufacturing method further includes the following step. The semiconductor layers 203 in
the third stacked sub-structure 211 are removed through etching to form fourth gaps 233. In
this case, the fourth gaps 233 expose the second source/drain 230.

[00151] A process of forming the fourth gaps 233 may include but is not limited to wet
etching, dry etching, or a combination thereof.

[00152] As shown in FIG. 3P, in some embodiments, storage capacitors 234 electrically
connected to the second source/drain 230 are formed in the fourth gaps 233. The storage
capacitors 234 are arrayed in the X direction and the Z direction, and each of the storage
capacitors 234 extends in the Y direction. This helps increase an aspect ratio of the storage
capacitors, that is, a ratio of the length to the width or the diameter, so that a distance between
storage capacitors of adjacent transistors increases, thereby avoiding an integrated capacitor
between the storage capacitors. A specific structure of the storage capacitors is not specifically
limited in the present disclosure, and a storage capacitor structure in any related technical
solution may be utilized in this solution.

[00153] In this embodiment of the present disclosure, the semiconductor layers 203 in the
fifth stacked sub-structure 213 are first removed through etching to form the third gaps 231,
and the semiconductor layers 203 in the third stacked sub-structure 211 are then removed
through etching to form the fourth gaps 233. That is, the bit lines 232 are formed first, and
then the storage capacitors 234 are formed.

[00154] In another embodiment, the fourth gaps may be formed before the third gaps are
formed, that is, the bit lines may be formed before the storage capacitors are formed. A process
sequence of forming the third gaps and the fourth gaps is not specifically limited in the present
disclosure.

[00155] In the embodiment shown in FIG. 3A to FIG. 3P, the threshold voltage regulation
structure 225 is formed in the threshold voltage regulation hole 221 after the first interlayer
isolation layers 224 are formed in the first gaps 223.

[00156] In some embodiments, a sacrificial structure may be formed in the threshold
voltage regulation hole after the first interlayer isolation layers are formed in the first gaps.
After the bit lines are formed in the third gaps and the storage capacitors are formed in the

fourth gaps, the threshold voltage regulation hole is formed through etching, and the threshold
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voltage regulation structure is formed in the threshold voltage regulation hole.

[00157] In some other embodiments, a sacrificial structure may be formed in the threshold
voltage regulation hole after the first interlayer isolation layers are formed in the first gaps,
and the third gaps and the threshold voltage regulation hole may be simultaneously filled with
the conductive material subsequently, to respectively form the bit lines in the third gaps and
form the threshold voltage regulation structure in the threshold voltage regulation hole.
[00158] Inthe foregoing embodiment, after the second gaps 226 are filled with the isolation
material to form the second interlayer isolation layers 227, the manufacturing method further
includes the following steps.

[00159] The semiconductor layers 203 in the fifth stacked sub-structure 213 are removed
to form the third gaps 231. The third gaps 231 expose the first source/drain 229.

[00160] Etching is performed to form the threshold voltage regulation hole 221 running
through the first stacked sub-structure 209. The threshold voltage regulation hole 221 is
located between adjacent channel holes 215, and the remaining semiconductor layers 203
located between the adjacent channel holes 215 serve as the back gates 222.

[00161] The third gaps 231 and the threshold voltage regulation hole 221 are
simultaneously filled with the conductive material, to respectively form multiple bit lines 232
extending in the first direction (that is, the X direction) and electrically connected to the first
source/drain 229 and the threshold voltage regulation structure 225 electrically connected to
the back gates 222. The threshold voltage regulation structure 225 is configured to regulate
the threshold voltage of the transistor 220.

[00162] A process of forming the third gaps 231 and the threshold voltage regulation hole
221 may include but is not limited to wet etching, dry etching, or a combination thereof.
[00163] In this embodiment of the present disclosure, the third gaps 231 and the threshold
voltage regulation hole 221 are simultaneously filled with the conductive material, thereby
saving manufacturing time and reducing manufacturing costs.

[00164] Referring to FIG. 5A and FIG. 5B, FIG. 5A is a schematic diagram of a three-
dimensional structure of a semiconductor device according to an example, and FIG. 5B is a
schematic diagram of an XY sectional structure of a semiconductor device according to an

example. As shown in FIG. 5A and FIG. 5B, an embodiment of the present disclosure provides
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a semiconductor device 200. The semiconductor device 200 includes: a substrate (not shown
in FIG. 5A and FIG. 5B); multiple channel portions 228 arrayed in a first direction (that is, an
X direction) and a third direction (that is, a Z direction) and a gate 219 extending in the Z
direction and passing through the channel portions 228; a second gate dielectric layer 218
located between the channel portions 228 and the gate 219, where each of the channel portions
228, the second gate dielectric layer 218, and the gate 219 jointly form a transistor 220; a first
gate dielectric layer 216 covering two opposite sidewalls of each of the channel portions 228
in the X direction; and back gates 222 located between adjacent transistors 220 arranged in
the X direction, the back gates 222 directly contacting the first gate dielectric layer 216, and
each of the back gates 222 being configured to regulate a threshold voltage of the transistor
220.

[00165] In some embodiments, the material of the channel portions 228 may include but is
not limited to an oxide semiconductor material, for example, IGZO, ZTO, IZO, zinc oxide,
IGSO, and indium oxide.

[00166] In some embodiments, the back gate 222 may be made of a P-type heavily doped
polysilicon material with a doping concentration of 1E21 cm™ to 1E23 cm™ and a work
function of 4 eV to 5.5 eV. Because the threshold voltage of the transistor made of the IGZO
material is inclined to a negative voltage, the threshold voltage of the transistor 220 may be
regulated to a positive voltage by disposing the back gate 222, thereby helping reduce electric
leakage of the transistor, and prolonging retention time (retention time) of stored data.
[00167] The adjacent transistors 220 arranged in the X direction are spaced by the back
gate 222 disposed between the transistors 220 without disposing an additional isolation
structure, thereby improving a degree of integration of the transistors 220.

[00168] The second gate dielectric layer 218 surrounds the gate 219, and the channel
portions 228 surround the second gate dielectric layer 218.

[00169] In some embodiments, two opposite sidewalls of each of the channel portions 228
in a Y direction respectively form a first source/drain 229 (as shown by a dashed square in
FIG. 5B) and a second source/drain 230 (as shown by a dashed square in FIG. 5B). The
semiconductor device 200 further includes: bit lines 232 extending in the X direction, where

multiple first sources/drains 229 arranged in the X direction are connected to the same bit line
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232; and multiple storage capacitors 234, the storage capacitors 234 being connected to
second sources/drains 230.

[00170] Multiple first sources/drains 229 arranged in the Z direction are connected to
different bit lines 232.

[00171] In some embodiments, the first source/drain 229 and the second source/drain 230
are respectively aligned with two opposite sidewalls of the back gate 222 in the Y direction,
that is, in the Y direction, the size of the back gate 222 is equal to a spacing between the first
source/drain 229 and the second source/drain 230. The multiple first sources/drains 229
arranged in the Z direction are connected to the different bit lines 232 through bit line contact
structures.

[00172] In some embodiments, the multiple first sources/drains 229 arranged in the Z
direction are directly connected to the different bit lines 232. The first source/drain 229
protrudes, in the Y direction, from the sidewall of the back gate 222 in the Y direction, and an
isolation structure 214 is disposed between the back gate 222 and the bit line. The material of
the isolation structure 214 may include a low dielectric constant material, for example, silicon
oxide, silicon nitride, silicon carbide, nitrogenous silicon carbide, or silicon oxynitride. The
isolation structure 214 may reduce coupling between the bit line 232 and the back gate 222,
thereby reducing the parasitic capacitance therebetween.

[00173] Insome embodiments, both the first source/drain 229 and the second source/drain
230 are not aligned with the two opposite sidewalls of the back gate 222 in the Y direction,
the first source/drain 229 protrudes, in the Y direction and toward the bit line 232, from the
sidewall of the back gate 222 that is close to the bit line 232 in the Y direction, and the second
source/drain 230 protrudes, in the Y direction and toward a direction facing away from the bit
line 232, from the sidewall of the back gate 222 that is far away from the bit line 232 in the Y
direction, thereby increasing the channel length of the channel portion 228, and reducing a
short-channel effect.

[00174] Referring to FIG. 6A and FIG. 6B, FIG. 6A is a schematic diagram of a three-
dimensional structure of a semiconductor device according to an example, and FIG. 6B is a
schematic diagram of an XY sectional structure of a semiconductor device according to an

example. In some embodiments, the semiconductor device 200 further includes a threshold
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voltage regulation structure 225 located between adjacent back gates 222 of adjacent channel
portions 228 arranged in the X direction, the threshold voltage regulation structure 225
extending in the Z direction and being electrically connected to multiple back gates 222
arranged in the Z direction. The threshold voltage regulation structure 225 may be configured
to apply a voltage to the back gate 222 to further regulate the threshold voltage of the transistor
220.

[00175] In some embodiments, the channel portion 228 is of a ring-shaped structure
parallel to the substrate; and the size of the channel portion 228 in the Y direction is greater
than or equal to the size of the back gate 222 in the Y direction.

[00176] The channel portions 228 are arrayed in the X direction and the Z direction, and
each of the channel portions 228 is of a ring-shaped structure parallel to an XY plane.
[00177] It should be understood that "an embodiment" or "one embodiment" mentioned
throughout the specification means that specific features, structures, or characteristics related
to the embodiments are included in at least one embodiment of the present disclosure.
Therefore, "in an embodiment" or "in one embodiment" occurring throughout the
specification does not necessarily refer to the same embodiment. In addition, these specific
features, structures, or characteristics may be combined in one or more embodiments in any
appropriate manner. It should be understood that in various embodiments of the present
disclosure, sequence numbers of the foregoing processes do not mean an execution sequence.
The execution sequence of the processes should be determined based on functions and internal
logic of the processes, and should not constitute any limitation on an implementation process
of the embodiments of the present disclosure. The sequence numbers of the foregoing
embodiments of the present disclosure are merely for the purpose of description, and are not
intended to indicate priorities of the embodiments.

[00178] The foregoing descriptions are merely preferred implementations of the present
disclosure, and are not intended to limit the scope of the present disclosure. Any equivalent
structural transformation performed with the content of the specification and the
accompanying drawings or directly/indirectly applied in other related technical fields under
the present disclosure is included in the protection scope of the present disclosure.

[00179] Industrial applicability
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[00180] Embodiments of the present disclosure provide a semiconductor device and a
manufacturing method therefor. In the embodiments of the present disclosure, multiple
channel holes running through a stacked structure are formed, and a gate is formed in each of
the channel holes and semiconductor layers in the stacked structure serve as back gates. In

this way, a threshold voltage of a transistor can be regulated through the back gate.
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CLAIMS

1. A manufacturing method for a semiconductor device (200), comprising:

providing a substrate (201) and a stacked structure (202) located on the substrate (201),
the stacked structure (202) comprising semiconductor layers (203) and interlayer insulating
layers (204) that are alternately stacked;

forming a plurality of channel holes (215) running through the stacked structure (202),
wherein the semiconductor layers (203) located between adjacent channel holes (215) are
configured to form back gates (222);

performing oxidation processing on the semiconductor layers (203) exposed at sidewalls
of the channel holes (215) to form first gate dielectric layers (216); and

sequentially forming a channel layer (217), a second gate dielectric layer (218), and a
gate (219) that cover sidewalls of each of the channel holes (215); the channel layer (217),
the second gate dielectric layer (218), and the gate (219) jointly forming a transistor (220),
wherein each of the back gates (222) is configured to regulate a threshold voltage of the
transistor (220).

2. The manufacturing method for a semiconductor device (200) according to claim 1,
before the forming a plurality of channel holes (215) running through the stacked structure
(202), further comprising:

forming a plurality of groove groups (206) running through the stacked structure (202)
and arranged in a first direction, each of the groove groups (206) comprising a first groove
(207) and a second groove (208) that are disposed side by side in a second direction, wherein
the remaining stacked structure (202) comprises a first stacked sub-structure (209) located
between the first groove (207) and the second groove (208), a second stacked sub-structure
(210) located between adjacent first grooves (207), a third stacked sub-structure (211) located
between adjacent second grooves (208), a fourth stacked sub-structure (212) located between
adjacent first stacked sub-structures (209), and a fifth stacked sub-structure (213) located on
a side of the first groove (207) and a side of the second stacked sub-structure (210), and both
the first direction and the second direction are parallel to the substrate (201) and the first
direction and the second direction intersect with each other; and

filling the first grooves (207) and the second grooves (208) with an isolation material to
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form isolation structures (214).

3. The manufacturing method for a semiconductor device (200) according to claim 2,
wherein the forming a plurality of channel holes (215) running through the stacked structure
(202) comprises:

etching at least the fourth stacked sub-structure (212) in the remaining stacked structure
(202) to form the plurality of channel holes (215) running through the stacked structure (214)
and arranged in the first direction.

4. The manufacturing method for a semiconductor device (200) according to claim 3,
after the sequentially forming a channel layer (217), a second gate dielectric layer (218), and
a gate (219) covering sidewalls of each of the channel holes (215), further comprising:

removing the interlayer insulating layers (204) in the first stacked sub-structure (209) to
form first gaps (223), the first gaps (223) exposing parts of the channel layer (217) that are
disposed opposite to each other in the first direction;

removing the channel layer (217) exposed through the first gaps (223); and

filling the first gaps (223) with an isolation material to form first interlayer isolation
layers (224).

5. The manufacturing method for a semiconductor device (200) according to claim 4,
wherein the removing the interlayer insulating layers (204) in the first stacked sub-structure
(209) to form first gaps (223) comprises:

performing etching to form a threshold voltage regulation hole (221) running through
the first stacked sub-structure (209), the threshold voltage regulation hole (221) being located
between adjacent channel holes (215), wherein the remaining semiconductor layers (203)
located between the adjacent channel holes (215) serve as the back gates (222); and

performing lateral etching along the threshold voltage regulation hole (221) to remove
the interlayer insulating layers (204) to form the first gaps (223), the threshold voltage
regulation hole (221) and the first gaps (223) being in communication.

6. The manufacturing method for a semiconductor device (200) according to claim 5,
wherein the filling the first gaps (223) with an isolation material to form first interlayer
isolation layers (224) comprises:

filling the first gaps (223) and the threshold voltage regulation hole (221) with the
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isolation material;

removing the isolation material from the threshold voltage regulation hole (221), wherein
the isolation material located in the first gaps (223) forms the first interlayer isolation layers
(224); and

filling the threshold voltage regulation hole (221) with a conductive material to form a
threshold voltage regulation structure (225) electrically connected to the back gates (222), the
threshold voltage regulation structure (225) being configured to regulate the threshold voltage
of the transistor (220).

7. The manufacturing method for a semiconductor device (200) according to any one of
claims 4 to 6, after the sequentially forming a channel layer (217), a second gate dielectric
layer (218), and a gate (219) covering sidewalls of each of the channel holes (215), further
comprising:

removing the interlayer insulating layers (204) in the second stacked sub-structure (210),
the third stacked sub-structure (211), and the fifth stacked sub-structure (213) to form second
gaps (226), the second gaps (226) exposing parts of the channel layer (217) that are disposed
opposite to each other in the second direction;

removing the channel layer (217) exposed through the second gaps (226); and

filling the second gaps (226) with an isolation material to form second interlayer
isolation layers (227), wherein the first interlayer isolation layers (224) and the second
interlayer isolation layers (227) divide the channel layer (217) in each of the channel holes
(215) into channel portions (228) of a plurality of transistors (220), two opposite sidewalls of
each of the channel portions (228) in the second direction respectively form a first
source/drain (229) and a second source/drain (230), a plurality of transistors (220) arranged
in a third direction are connected to a same gate (219), and the third direction is perpendicular
to the substrate (201).

8. The manufacturing method for a semiconductor device (200) according to claim 7,
after the filling the second gaps (226) with an isolation material to form second interlayer
isolation layers (227), further comprising:

removing the semiconductor layers (203) in the fifth stacked sub-structure (213) to form

third gaps (231), the third gaps (231) exposing the first source/drain (229); and
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filling the third gaps (231) with a conductive material to form a plurality of bit lines (232)
extending in the first direction and electrically connected to the first source/drain (229).

9. The manufacturing method for a semiconductor device (200) according to claim 7 or
8, after the filling the second gaps (226) with an isolation material to form second interlayer
isolation layers (227), further comprising:

removing the semiconductor layers (203) in the third stacked sub-structure (211) to form
fourth gaps (233), the fourth gaps (233) exposing the second source/drain (230); and

forming, in the fourth gaps (223), storage capacitors (234) electrically connected to the
second source/drain (230).

10. The manufacturing method for a semiconductor device (200) according to any one
of claims 7 to 9, after the filling the second gaps (226) with an isolation material to form
second interlayer isolation layers (227), further comprising:

removing the semiconductor layers (203) in the fifth stacked sub-structure (213) to form
third gaps (231), the third gaps (231) exposing the first source/drain (229); and

performing etching to form a threshold voltage regulation hole (221) running through
the first stacked sub-structure (209), the threshold voltage regulation hole (221) being located
between adjacent channel holes (215), wherein the remaining semiconductor layers (203)
located between the adjacent channel holes (215) serve as the back gates (222); and

simultaneously filling the third gaps (231) and the threshold voltage regulation hole (221)
with the conductive material to respectively form the plurality of bit lines (232) extending in
the first direction and electrically connected to the first source/drain (229) and a threshold
voltage regulation structure (225) electrically connected to the back gates (222), the threshold
voltage regulation structure (225) being configured to regulate the threshold voltage of the
transistor (220).

11. A semiconductor device (200), comprising:

a substrate (201);

a plurality of channel portions (228) arrayed in a first direction and a third direction, the
first direction being parallel to the substrate (201), and the third direction being perpendicular
to the substrate (201);

a gate (219) extending in the third direction and passing through the channel portions
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(228);

a second gate dielectric layer (218) located between the channel portions (228) and the
gate (219), each of the channel portions (228), the second gate dielectric layer (218), and the
gate (219) jointly forming a transistor (220);

a first gate dielectric layer (216) covering two sidewalls that are of each of the channel
portions (228) and that are disposed opposite to each other in the first direction; and

back gates (222) located between adjacent transistors (220) arranged in the first direction,
the back gates (222) being in contact with the first gate dielectric layer (216), and each of the
back gates (222) being configured to regulate a threshold voltage of the transistor (220).

12. The semiconductor device (200) according to claim 11, wherein two opposite
sidewalls of each of the channel portions (228) in a second direction respectively form a first
source/drain (229) and a second source/drain (230); the second direction is parallel to the
substrate (201) and intersects with the first direction; and the semiconductor device (200)
further comprises:

bit lines (232) extending in the first direction, wherein a plurality of first sources/drains
(229) arranged in the first direction are connected to a same bit line (232); and

a plurality of storage capacitors (234), the storage capacitors (234) being connected to
the second source/drain (230).

13. The semiconductor device (200) according to claim 11 or 12, further comprising:

a threshold voltage regulation structure (225) located between adjacent back gates (222)
of adjacent channel portions (228) arranged in the first direction, the threshold voltage
regulation structure (225) extending in the third direction and being electrically connected to
a plurality of back gates (222) arranged in the third direction.

14. The semiconductor device (200) according to any one of claims 11 to 13, wherein
each of the channel portions (228) is of a ring-shaped structure parallel to the substrate (201);
and

a size of the channel portion (228) in the second direction is greater than or equal to a
size of the back gate (222) in the second direction.

15. The semiconductor device (200) according to any one of claims 11 to 13, wherein a

material of the back gate (222) comprises polysilicon.
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16. The semiconductor device (200) according to claim 15, wherein a doping
concentration of the back gate (222) is 1E21 cm ™ to 1E23 cm >,

17. The semiconductor device (200) according to claim 12, wherein an isolation structure
(214) is disposed between the back gate (222) and the bit line (232).

18. The semiconductor device (200) according to claim 17, wherein a material of the

isolation structure (214) comprises a low dielectric constant material.
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