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THREE-DIMENSIONAL SEMICONDUCTOR
STRUCTURE AND METHOD FOR FORMING
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a U.S. continuation application
of International Application No. PCT/CN2023/088367, filed
Apr. 14, 2023, which claims priority to Chinese Patent
Application No. 202210841856.6, filed Jul. 18, 2022. Inter-
national Application No. PCT/CN2023/088367 and Chinese
Patent Application No. 202210841856.6 are incorporated
herein by reference in their entireties.

BACKGROUND

[0002] Dynamic random access memory (DRAM) is a
semiconductor memory device commonly used in comput-
ers, which is composed of a plurality of repeated memory
cells. Each of the memory cells usually includes a capacitor
and a transistor. The gate of the transistor is connected with
a word line, the drain of the transistor is connected with a bit
line, and the source of the transistor is connected with the
capacitor. A voltage signal on the word line can control on
and off of the transistor, so that data information stored in the
capacitor is read or data information is written into the
capacitor through the bit line for storage.

[0003] In order to improve integration, in the existing 3D
DRAM manufacturing process, the transistors usually adopt
a structure of multi-layer stacked lateral transistors. How-
ever, in the structure of multi-layer stacked lateral transis-
tors, because the channel areas of the lateral transistors are
floating, charges are easy to accumulate in the channel areas
to bring about floating body effect. The floating body effect
will bring about many adverse consequences (such as kink
phenomenon, BJT amplification, reduction of drain break-
down voltage, increase of GIDL current, etc.), which will
seriously affect the performance of the device and even
make the device fail.

SUMMARY

[0004] The disclosure relates to the field of memories, and
in particular to a three- dimensional semiconductor structure
and a method for forming the same.

[0005] Some embodiments of the disclosure provide a
method for forming a three- dimensional semiconductor
structure, including the following operations.

[0006] A semiconductor substrate is provided.

[0007] A stack structure of sacrificial layers and semicon-
ductor layers stacked alternately is formed on the semicon-
ductor substrate. The stack structure includes, in a first
direction, a channel region, and a source region and a drain
region on either side of the channel region. The first direc-
tion is a direction parallel to a top surface of the semicon-
ductor substrate.

[0008] The stack structure in the source region and the
drain region is etched to form a plurality of parallel first
trenches extending in the first direction and penetrating the
stack structure in the source region and the drain region
perpendicularly in the stack structure in the source region
and the drain region. The plurality of semiconductor layers
retained in the channel region serve as a plurality of channel
body layers. The channel body layers extend in a second
direction. Each of the channel body layers includes a plu-
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rality of channel areas arranged in the second direction. The
second direction is a direction having an included angle with
the first direction and parallel to the top surface of the
semiconductor substrate.

[0009] A through via is formed in one end of the plurality
of channel body layers in the second direction. The through
via penetrates the end perpendicularly and exposes a surface
of the semiconductor substrate.

[0010] A conductive material is filled in the through via to
form a grounded conductive plug.

[0011] Some embodiments of the disclosure further pro-
vide a three-dimensional semiconductor structure.

[0012] The three-dimensional semiconductor structure
includes a semiconductor substrate, a stack structure of
sacrificial layers and semiconductor layers stacked alter-
nately, a plurality of parallel first trenches, a through via and
a grounded conductive plug.

[0013] The stack structure is located on the semiconductor
substrate. The stack structure includes, in a first direction, a
channel region, and a source region and a drain region on
either side of the channel region. The first direction is a
direction parallel to a top surface of the semiconductor
substrate.

[0014] The plurality of parallel first trenches extend in the
first direction and penetrate the stack structure in the source
region and the drain region perpendicularly in the stack
structure in the source region and the drain region. The
plurality of semiconductor layers retained in the channel
region serve as a plurality of channel body layers. The
channel body layers extend in a second direction. Each of
the channel body layers includes a plurality of channel areas
arranged in the second direction. The second direction is a
direction having an included angle with the first direction
and parallel to the top surface of the semiconductor sub-
strate.

[0015] The through via is located in one end of the
plurality of channel body layers in the second direction. The
through via penetrates the end perpendicularly and exposes
a surface of the semiconductor substrate.

[0016] The grounded conductive plug is located in the
through via.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIGS. 1-49 are structural diagrams during forming
a three-dimensional semiconductor structure in some
embodiments of disclosure.

DETAILED DESCRIPTION

[0018] Specific implementations of the disclosure will be
described in detail below in combination with the accom-
pany drawings. In detailing the embodiments of the disclo-
sure, for the sake of illustration, schematic diagrams will not
be partially enlarged in accordance with the normal scale.
Also, the schematic diagrams are only exemplary, and
should not limit the protection scope of the disclosure here.
In addition, in practical manufacturing, the three-dimen-
sional space dimensions of length, width and depth should
be included.

[0019] Some embodiments of the disclosure provide a
method for forming a three- dimensional semiconductor
structure, which is described in detail below in combination
with the accompany drawings.
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[0020] Referring to FIGS. 1-4, FIG. 2 is a cross-sectional
structural diagram along a direction of a cutting line AA1 of
FIG. 1, FIG. 3 is a cross-sectional structural diagram along
a direction of a cutting line BB1 of FIG. 1, and FIG. 4 is a
cross-sectional structural diagram along a direction of a
cutting line CC1 of FIG. 1. It is to be noted that, for better
illustration, a sacrificial layer (or a hard mask layer) as a top
layer is not shown, and a semiconductor layer 203 at a
bottom of the top layer (or the hard mask layer) is shown
directly in FIG. 1. A semiconductor substrate 200 is pro-
vided. A stack structure 201 of sacrificial layers 202 and
semiconductor layers 203 stacked alternately is formed on
the semiconductor substrate 200. The stack structure 201
includes, in a first direction, a channel region 21, and a
source region 23 and a drain region 22 on either side of the
channel region 21. The first direction is a direction parallel
to a top surface of the semiconductor substrate 200.
[0021] A material of the semiconductor substrate 200 may
be monocrystalline silicon (Si), monocrystalline germanium
(Ge), or silicon germanium (GeSi), silicon carbide (SiC), or
may also be silicon on insulator (SOI) or germanium on
insulator (GOI), or may also be other materials, such as
Group III-V compounds, for example gallium arsenide. In
the embodiment, the material of the semiconductor substrate
200 is monocrystalline silicon (Si).

[0022] The stack structure 201 includes sacrificial layers
202 and semiconductor layers 203 stacked alternately. The
sacrificial layers 202 and the semiconductor layers 203
stacked alternately means that after a sacrificial layer 202 is
formed, a semiconductor layer 203 is formed on a surface of
the sacrificial layer 202, and then operations of forming a
sacrificial layer 202 and forming a semiconductor layer 203
on the sacrificial layer 202 are sequentially repeated. The
number of layers of the sacrificial layers 202 and the
semiconductor layers 203 may be determined according to
actual needs. In the embodiment, four sacrificial layers 202
and three semiconductor layers 203 are described as an
example. A bottom layer and a top layer of the stack
structure 201 are both a sacrificial layer 202. In another
embodiment, the top layer of the stack structure 201 may be
a semiconductor layer 203. A hard mask layer is formed on
a surface of the top semiconductor layer 203. In other
embodiments, the number of layers of the sacrificial layers
202 and the semiconductor layers 203 may be other num-
bers.

[0023] The semiconductor layers 203 are subsequently
used to form channel areas, source areas and drain areas of
lateral transistors. The sacrificial layers 202 will be removed
as a sacrificial material in a subsequent process, or part of the
sacrificial layer 202 may subsequently be directly used as
part of an insulating layer. A material of the sacrificial layers
202 is different from a material of the semiconductor layers
203, so that the sacrificial layers 202 have a high etch
selectivity ratio (an etch selectivity ratio greater than 2:1)
with respect to the semiconductor layers 203 (or a linear
semiconductor pattern) when the sacrificial layers 202 are
subsequently removed, so as to make the semiconductor
layers 203 (or a linear semiconductor pattern) not etched or
be etched in a small amount while the sacrificial layers 202
are removed.

[0024] In some embodiments, the material of the semi-
conductor layers 203 is silicon or germanium silicon, and the
material of the sacrificial layers 202 is one of silicon oxide,
silicon nitride, silicon oxynitride, silicon carbonnitride,

Jan. 18, 2024

amorphous silicon, amorphous carbon, polysilicon, and ger-
manium silicon. In the embodiment, the material of the
semiconductor layers 203 is silicon, and the material of the
sacrificial layers 202 is germanium silicon.

[0025] In some embodiments, the semiconductor layers
203 are doped semiconductor layers 203, that is, the semi-
conductor layers 203 are pre-doped with impurity ions. The
impurity ions may be N-type impurity ions or P-type impu-
rity ions. In some embodiments, the P-type impurity ions are
one or more of boron, gallium and indium. The N-type
impurity ions include one or more of phosphorus, arsenic
and antimony. In the embodiment, the impurity ions pre-
doped in the semiconductor layers 203 are P-type impurity
ions. In other embodiments, the semiconductor layers 203
may also be undoped semiconductor layers 203.

[0026] The sacrificial layers 202 and the semiconductor
layers 203 are respectively formed by a deposition process.
The deposition process includes an epitaxial process.

[0027] Referring to FIGS. 5-8, FIG. 6 is a cross-sectional
structural diagram in a direction of a cutting line AA1 of
FIG. 5, FIG. 7 is a cross-sectional structural diagram in a
direction of a cutting line BB1 of FIG. 5, and FIG. 8 is a
cross-sectional structural diagram in a direction of a cutting
line CC1 of FIG. 5. The stack structure 201 in the source
region 23 and the drain region 22 is etched to form a
plurality of parallel first trenches 204 extending in the first
direction and penetrating the stack structure 201 in the
source region 23 and the drain region 22 perpendicularly in
the stack structure 201 in the source region 23 and the drain
region 22. The plurality of semiconductor layers retained in
the channel region 21 serve as a plurality of channel body
layers 205. The channel body layers 205 extend in a second
direction. Each of the channel body layers 205 includes a
plurality of channel areas arranged in the second direction.

[0028] The plurality of channel areas are correspondingly
used as the channel areas of a plurality of lateral transistors.
The source areas of the lateral transistors are subsequently
formed in the semiconductor layers 203 retained between
adjacent first trenches 204 in the source region 23. The drain
areas of the lateral transistors are subsequently formed in the
semiconductor layers 203 retained between adjacent first
trenches 204 in the drain region 22.

[0029] The second direction is a direction having an
included angle with the first direction and parallel to the top
surface of the semiconductor substrate 200. In the embodi-
ment, the first direction and the second direction are per-
pendicular to each other, that is, the included angle between
the first direction and the second direction is 90°.

[0030] The plurality of first trenches 204 are respectively
formed in the source region 23 and drain region 22 of the
stack structure 201. Each of the first trenches 204 in the
source region 23 is located on an extension line of a
corresponding one of the first trenches 204 in the drain
region 22. During etching to form the first trenches 204, the
semiconductor layers 203 and the sacrificial layers 202 in
the channel region 21 of the stack structure 201 are not
etched, so that the remaining semiconductor layer 203 in the
channel region 21 of the stack structure 201 are still con-
tinuous in the second direction. The plurality of semicon-
ductor layers 203 retained in the channel region 21 serve as
the plurality of channel body layers 205. Each of the channel
body layers 205 includes a plurality of channel areas
arranged in the second direction.
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[0031] The second direction is a direction having an
included angle with the first direction and parallel to the top
surface of the semiconductor substrate 200.

[0032] In some embodiments, referring to FIGS. 9-12,
FIG. 10 is a cross-sectional structural diagram in a direction
of a cutting line AA1 of FIG. 9, FIG. 11 is a cross-sectional
structural diagram in a direction of a cutting line BB1 of
FIG. 9, and FIG. 12 is a cross-sectional structural diagram
in a direction of a cutting line CC1 of FIG. 9. The method
further includes the following operations. Parts of each of
the sacrificial layers 202 between the channel body layers
205 are etched and removed to form a plurality of first
cavities 206. Each of the first cavities 206 is located in an
extension direction of a corresponding one of the first
trenches 204 and is communicated with the first trench 204.
[0033] Parts of each of the sacrificial layers between the
channel body layers 205 are removed by an isotropic wet or
dry etching process.

[0034] Referring to FIGS. 13-16, FIG. 14 is a cross-
sectional structural diagram ing a direction of a cutting line
AA1 of FIG. 13, FIG. 15 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 13, and
FIG. 16 is a cross-sectional structural diagram in a direction
of'a cutting line CC1 of FIG. 13. Parts of each of the channel
body layers 205 are etched along the plurality of first cavities
206 to form a plurality of annular first openings 207 in the
channel body layers 205. The channel body layers 205
retained between adjacent annular first openings 207 in the
second direction serve as the channel areas.

[0035] Parts of each of the channel body layers 205 are
etched by an isotropic wet or dry etching process.

[0036] The first openings 207 are subsequently filled with
an isolation material to form isolation structures, which are
used for electrical isolation between adjacent channel areas.
[0037] A depth of each of the annular first openings 207 is
30%-45% of a thickness of each of the channel body layers
(before being etched), and a width of the annular first
opening (207) in the second direction is 80%-95% of a width
of the channel area in the second direction, so that the
isolation structures formed subsequently in the annular first
openings 207 have better isolation performance, and also
adjacent channel areas can still be connected well by the
remaining channel body layer 205.

[0038] Inthe embodiment, P-type impurity ions are doped
in the formed channel areas. In other embodiments, the
channel areas all may be doped with N-type impurity ions.
[0039] Referring to FIGS. 17-20, FIG. 18 is a cross-
sectional structural diagram in a direction of a cutting line
AA1 of FIG. 17, FIG. 19 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 17, and
FIG. 20 is a cross-sectional structural diagram in a direction
of a cutting line CC1 of FIG. 17. An isolation material is
filled in the plurality of first openings to form a plurality of
isolation structures 208.

[0040] In some embodiments, a process for forming the
isolation structures 208 includes atomic layer deposition.
[0041] The formed isolation structures 208 are used for
electrical isolation between adjacent channel areas. Surfaces
of the formed isolation structures 208 are flush with surfaces
of the channel areas or higher than the surfaces of the
channel areas.

[0042] A material of the isolation structures 208 is differ-
ent from the material of the sacrificial layers 202. The
material of the isolation structures 208 may be of silicon
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oxide, silicon nitride, silicon oxynitride, silicon oxycarbide,
or silicon carbonitride. In the embodiment, the material of
the isolation structures 208 is silicon oxide.

[0043] In the embodiment, the channel areas are pre-
doped with P-type impurity ions, and the channel areas
pre-doped with P-type impurity ions are used as the channel
areas of the lateral transistors. In other embodiments, the
channel areas may also be doped with impurity ions before
forming the gate dielectric layers, and the channel areas of
the lateral transistors are formed in the doped channel areas.
[0044] Referring to FIGS. 21-24, FIG. 22 is a cross-
sectional structural diagram in a direction of a cutting line
AA1 of FIG. 21, FIG. 23 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 21, and
FIG. 24 is a cross-sectional structural diagram in a direction
of a cutting line CC1 of FIG. 21. The sacrificial layers 202
remaining in the stack structure 201 in the channel region 21
are removed, so that the channel body layers 205 are
suspended.

[0045] The sacrificial layers 202 remaining in the stack
structure 201 in the channel region 21 are removed by an
isotropic wet or dry etching process.

[0046] Referring to FIGS. 25-28, FIG. 26 is a cross-
sectional structural diagram in a direction of a cutting line
AA1 of FIG. 25, FIG. 27 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 25, and
FIG. 28 is a cross-sectional structural diagram in a direction
of a cutting line CC1 of FIG. 25. Gate dielectric layers 209
are formed on surfaces of the plurality of isolation structures
208 and the plurality of channel areas.

[0047] Each of the gate dielectric layers 209 is part of a
corresponding one of the word line structures. The gate
dielectric layers 209 are used for isolation between the metal
word lines formed subsequently and the channel areas. In an
embodiment, a material of the gate dielectric layers 209 may
be silicon oxide or a high K (K greater than 2.5) dielectric
material.

[0048] Referring to FIGS. 29-32, FIG. 30 is a cross-
sectional structural diagram in a direction of a cutting line
AA1 of FIG. 29, FIG. 31 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 29, and
FIG. 32 is a cross-sectional structural diagram in a direction
of a cutting line CC1 of FIG. 29. The metal word lines 210
are formed on surfaces of the gate diclectric layers 209.
[0049] Each of the metal word lines 210 is part of a
corresponding one of the word line structures. The word line
structure includes a gate dielectric layer 209 and a metal
word line 210 located on the surface of the gate dielectric
layer 209. In an embodiment, a material of the metal word
lines 210 may be one or more of Al, Cu, Ag, Au, Pt, Ni, Ti,
TiN, TaN, Ta, TaC, TaSiN, W, WN, WSi.

[0050] The metal word lines 210 are horizontal word lines
(horizontal word lines are arranged horizontally and parallel
to the surface of the semiconductor substrate 200). The
plurality of channel areas in each layer correspond to one
metal word line 210, and the metal word lines 210 in
adjacent layers are discrete or separated.

[0051] In some embodiments, the metal word line has a
structure of double-layer gates. The double-layer gates in the
metal word line are respectively located on an upper surface
and a lower surface of a plurality of isolation structures and
a plurality of channel areas in a certain layer.

[0052] Referring to FIGS. 33-36, FIG. 34 is a cross-
sectional structural diagram in a direction of a cutting line
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AA1 of FIG. 33, FIG. 35 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 33, and
FIG. 36 is a cross-sectional structural diagram in a direction
of a cutting line CC1 of FIG. 33. An insulating layer 211 is
filled between the word line structures.

[0053] A material of the insulating layer 211 may be one
or more of silicon oxide, silicon nitride, silicon oxynitride,
silicon oxycarbide, silicon carbonitride, FSG (fluorine-
doped silicon dioxide), BSG (boron-doped silicon dioxide),
PSG (phosphorus-doped silicon dioxide) or BPSG (boron-
phosphorus-doped silicon dioxide), and a low dielectric
constant (K less than 2.5) material.

[0054] A process for forming the insulating layer 211
includes a deposition process.

[0055] Referring to FIGS. 37-40, FIG. 38 is a cross-
sectional structural diagram in a direction of a cutting line
AA1 of FIG. 37, FIG. 39 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 37, and
FIG. 40 is a cross-sectional structural diagram in a direction
of'a cutting line CC1 of FIG. 37. A through via 212 is formed
in one end of the plurality of channel body layers 205 in the
second direction. The through via 212 penetrates the end and
exposes a surface of the semiconductor substrate 200.
[0056] Each of the channel body layers 205 has two
opposite ends at either end of the channel body layer 205 in
the second direction. A grounded conductive plug to ground
the plurality of the channel body layers 205 is intended to
formed in one end, and Stepped lead wires to lead out the
metal word lines 210 in each layer is intended to formed at
a surface of another end.

[0057] A conductive material is filled subsequently in the
through via 212 to form a grounded conductive plug.
[0058] A process for forming the through via 212 is an
anisotropic dry etching process, including an anisotropic
plasma etching process.

[0059] Referring to FIGS. 41-44, FIG. 42 is a cross-
sectional structural diagram in a direction of a cutting line
AA1 of FIG. 41, FIG. 43 is a cross-sectional structural
diagram in a direction of a cutting line BB1 of FIG. 41, and
FIG. 44 is a cross-sectional structural diagram in a direction
of a cutting line CC1 of FIG. 41. A conductive material is
filled in the through via to form a grounded conductive plug
213.

[0060] A material of the grounded conductive plug 213 is
a metal or doped polysilicon. The metal may be one or more
of Al, Cu, Ag, Au, Pt, Ni, Ti, TiN, TaN, Ta, TaC, TaSiN, W,
WN and WSi.

[0061] A bottom end of the grounded conductive plug 213
is connected with the grounded end of the semiconductor
substrate 200. By forming the connection of the grounded
conductive plug 213 with the plurality of channel body
layers 205, the plurality of channel areas can be grounded,
thereby releasing accumulated charges in the plurality of
channel areas to the grounded end of the semiconductor
substrate through the channel body layers 205 and the
grounded conductive plug 213. Therefore, the accumulation
of charges is prevented, and further generation of floating
body effect is prevented, and thus performance of the device
is improved. Moreover, the grounded conductive plug 213 is
formed in one end of the plurality of channel body layers
205, and does not occupy too much area, which can ensure
the integration of the formed 3D DRAM device.

[0062] In some embodiments, referring to FIGS. 45-49 (it
is to be noted that, for convenience of illustration, some
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structures are not shown in FIG. 45, such as the insulating
layer 211), FIG. 46 is a top view of FIG. 45, FIG. 47 is a
cross-sectional structural diagram in a direction of a cutting
line AA1 of FIG. 45 or FIG. 46, FIG. 48 is a cross-sectional
structural diagram in a direction of a cutting line BB1 of
FIG. 45 or FIG. 46, and FIG. 49 is a cross-sectional
structural diagram in a direction of a cutting line CC1 of
FIG. 45 or FIG. 46. The plurality of semiconductor layers
extending in the first direction remained between adjacent
first trenches in the drain region 22 are doped to form drain
areas. The plurality of semiconductor layers extending in the
first direction remained between adjacent first trenches in the
source region 23 are doped to form source areas. Each of the
source areas is located in an extending direction of a
corresponding one of the drain areas, and both the source
area and the corresponding drain area are connected with a
corresponding one of the channel areas. Second through vias
each penetrating a plurality of drain areas in a vertical
direction are formed. The vertical direction is a direction
perpendicular to the top surface of the semiconductor sub-
strate. Bit lines 214 are formed in the second through vias.
The sacrificial layers remaining in the source region are
removed. Capacitors 215 connected with the source areas
are formed.

[0063] In some embodiments, a doping type of the drain
areas is the same as a doping type of the source areas and is
opposite to a doping type of the channel areas.

[0064] A material of the bit line 214 is a metal. The metal
may be one or more of Al, Cu, Ag, Au, Pt, Ni, Ti, TiN, TaN,
Ta, TaC, TaSiN, W, WN and WSi.

[0065] Some embodiments of the disclosure further pro-
vide a three-dimensional semiconductor structure.

[0066] The three-dimensional semiconductor structure
includes a semiconductor substrate 200, a stack structure
201 of insulating layers (202/211) and semiconductor layers
203 stacked alternately, a plurality of parallel first trenches
204, a through via and a grounded conductive plug 213.
[0067] The stack structure 201 is located on the semicon-
ductor substrate. The stack structure 201 includes, in a first
direction, a channel region 21, and a source region 23 and a
drain region 22 on either side of the channel region 21. The
first direction is a direction parallel to a top surface of the
semiconductor substrate 200.

[0068] The plurality of parallel first trenches 204 extend in
the first direction and penetrate the stack structure 201 in the
source region 23 and the drain region 22 perpendicularly in
the stack structure 201 of the source region 23 and the drain
region 22. The plurality of semiconductor layers retained in
the channel region 21 serve as a plurality of channel body
layers 205. The channel body layers 205 extend in a second
direction. Each of the channel body layers includes a plu-
rality of channel areas arranged in the second direction. The
second direction is a direction having an included angle with
the first direction and parallel to the top surface of the
semiconductor substrate 200.

[0069] The through via is located in one end of the
plurality of channel body layers 205 in the second direction.
The through via penetrates the end perpendicularly and
exposes a surface of the semiconductor substrate 200.

[0070] The grounded conductive plug 213 is located in the
through via.
[0071] Insome embodiments, the three-dimensional semi-

conductor structure further includes a plurality of annular
first openings located in the channel body layers 205, a
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plurality of isolation structures 208 filling the plurality of
first openings, and word line structures (209/210) extending
in the second direction on surfaces of the plurality of
isolation structures 208 and the plurality of channel areas.
The first openings communicate with the first trenches. The
channel body layers retained between adjacent annular first
openings in the second direction serve as the channel areas.
[0072] Insome embodiments, the three-dimensional semi-
conductor structure also includes drain areas in the plurality
of semiconductor layers extending in the first direction
remained between adjacent first trenches in the drain region
22.

[0073] Insome embodiments, the three-dimensional semi-
conductor structure further includes source areas in the
plurality of semiconductor layers extending in the first
direction remained between adjacent first trenches in the
source region. Each of the source areas is located in an
extending direction of a corresponding one of the drain
areas, and both the source area and the corresponding drain
area are connected with a corresponding one of the channel
areas.

[0074] In some embodiments, a doping type of the drain
areas is the same as a doping type of the source areas and is
opposite to a doping type of the channel areas.

[0075] In some embodiments, the three-dimensional semi-
conductor structure further includes second through vias
each penetrating a plurality of drain areas in a vertical
direction, and bit lines 214 in the second through vias.
[0076] In some embodiments, the three-dimensional semi-
conductor structure further includes capacitors 215 con-
nected with the source areas.

[0077] Insome embodiments, the semiconductor substrate
200 has a grounded end, and the grounded conductive plug
213 is connected with the grounded end.

[0078] In some embodiments, a material of the grounded
conductive plug is a doped semiconductor material or a
metal.

[0079] In some embodiments, a depth of each of the
annular first openings is 30%-45% of a thickness of each of
the channel body layers, and a width of the annular first
opening in the second direction is 80%-95% of a width of
the channel area in the second direction.

[0080] In some embodiments, the word line structure
includes a gate dielectric layer 209 and a metal word line
210 located on a surface of the gate dielectric layer 209.
[0081] In some embodiments, the metal word line has a
structure of double-layer gates. The double-layer gates in the
metal word line are respectively located on an upper surface
and a lower surface of a plurality of isolation structures and
a plurality of channel areas of a certain layer.

[0082] It is to be noted that a definition or description of
a same or similar part in some embodiments of the foregoing
semiconductor structure as in some embodiments of the
forgoing method for forming a semiconductor structure will
not be repeated herein. The definition or description of the
corresponding part in some embodiments of the foregoing
method for forming 3D DARM is referred to for details.
[0083] Although the disclosure has been disclosed as
above with preferred embodiments, the embodiments are not
used to limit the protection scope of the disclosure. Any
skilled in the art can make possible changes and modifica-
tions to the technical solutions of the disclosure by using the
methods and technical contents disclosed above without
departing from the spirit and scope of the disclosure. There-
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fore, any simple modification, equivalent change or variant
made to the above embodiments according to the technical
essence of the disclosure without departing from the con-
tents of the technical solutions of the disclosure belongs to
the protection scope of the technical solutions of the disclo-
sure.

1. A method for forming a three-dimensional semicon-
ductor structure, comprising:

providing a semiconductor substrate;

forming a stack structure of sacrificial layers and semi-

conductor layers stacked alternately on the semicon-
ductor substrate, wherein the stack structure comprises,
in a first direction, a channel region, and a source region
and a drain region on either side of the channel region,
wherein the first direction is a direction parallel to a top
surface of the semiconductor substrate;

etching the stack structure in the source region and the

drain region to form a plurality of parallel first trenches
extending in the first direction and penetrating the stack
structure in the source region and the drain region
perpendicularly in the stack structure in the source
region and the drain region, wherein the semiconductor
layers retained in the channel region serve as a plurality
of channel body layers, wherein the channel body
layers extend in a second direction, each of the channel
body layers comprises a plurality of channel areas
arranged in the second direction, and the second direc-
tion is a direction having an included angle with the
first direction and parallel to the top surface of the
semiconductor substrate;

forming a through via in one end of the plurality of

channel body layers in the second direction, wherein
the through via penetrates the end and exposes a
surface of the semiconductor substrate; and

filling a conductive material in the through via to form an

grounded conductive plug.

2. The method for forming a three-dimensional semicon-
ductor structure of claim 1, further comprising: etching and
removing parts of each of the sacrificial layers between the
channel body layers to form a plurality of first cavities,
wherein each of the first cavities is located in an extension
direction of a corresponding one of the plurality of parallel
first trenches and communicated with the corresponding one
of the plurality of parallel first trenches;

etching parts of each of the channel body layers along the

plurality of first cavities to form a plurality of annular
first openings in the channel body layers, wherein the
channel body layers retained between adjacent annular
first openings in the second direction serve as the
channel areas;

filling an isolation material in the plurality of annular first

openings to form a plurality of isolation structures;
removing the sacrificial layers remaining in the stack
structure in the channel region; and

forming word line structures extending in the second

direction on surfaces of the plurality of isolation struc-
tures and the plurality of channel areas.

3. The method for forming a three-dimensional semicon-
ductor structure of claim 2, further comprising: doping the
semiconductor layers extending in the first direction retained
between adjacent first trenches in the drain region to form
drain areas, and doping the semiconductor layers extending
in the first direction retained between adjacent first trenches
in the source region to form source areas, wherein each of
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the source areas is located in an extending direction of a
corresponding one of the drain areas, and both each of the
source areas and the corresponding one of the drain areas are
connected with a corresponding one of the channel areas.

4. The method for forming a three-dimensional semicon-
ductor structure of claim 3, wherein a doping type of the
drain areas is a same as a doping type of the source areas and
is opposite to a doping type of the channel areas.

5. The method for forming a three-dimensional semicon-
ductor structure of claim 4, wherein the semiconductor
layers are pre-doped with P-type impurity ions, and impurity
ions doped in the channel areas are P-type impurity ions.

6. The method for forming a three-dimensional semicon-
ductor structure of claim 3, further comprising: forming
second through vias each penetrating a plurality of drain
areas in a vertical direction, and forming bit lines in the
second through vias.

7. The method for forming a three-dimensional semicon-
ductor structure of claim 1, wherein the semiconductor
substrate has a grounded end, and the grounded conductive
plug is connected with the grounded end.

8. The method of forming a three-dimensional semicon-
ductor structure of claim 1, wherein a material of the
grounded conductive plug is a doped semiconductor mate-
rial or a metal.

9. The method for forming a three-dimensional semicon-
ductor structure of claim 2, wherein a depth of each of the
plurality of annular first openings is 30%-45% of a thickness
of each of the channel body layers, and a width of each of
the plurality of annular first openings in the second direction
is 80%-95% of a width of each of the channel areas in the
second direction.

10. The method of forming a three-dimensional semicon-
ductor structure of claim 2, further comprising: filling an
insulating layer between the word line structures.

11. A three-dimensional semiconductor structure, com-
prising:

a semiconductor substrate;

a stack structure of insulating layers and semiconductor
layers stacked alternately on the semiconductor sub-
strate, wherein the stack structure comprises, in a first
direction, a channel region, and a source region, and a
drain region on either side of the channel region,
wherein the first direction is a direction parallel to a top
surface of the semiconductor substrate;

a plurality of parallel first trenches extending in the first
direction and penetrating the stack structure in the
source region and the drain region perpendicularly in
the stack structure in the source region and the drain
region, wherein the semiconductor layers retained in
the channel region serve as a plurality of channel body
layers, wherein the channel body layers extend in a
second direction, each of the channel body layers
comprises a plurality of channel areas arranged in the
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second direction, and the second direction is a direction
having an included angle with the first direction and
parallel to the top surface of the semiconductor sub-
strate;

a through via in one end of the plurality of channel body
layers in the second direction, wherein the through via
penetrates the ends perpendicularly and exposes a
surface of the semiconductor substrate; and

a grounded conductive plug in the through via.

12. The three-dimensional semiconductor structure of
claim 11, further comprising: a plurality of annular first
openings located in the channel body layers, wherein the
plurality of annular first openings are communicated with
the plurality of parallel first trenches, and the channel body
layers retained between adjacent annular first openings in
the second direction serve as the channel areas;

a plurality of isolation structures filling the plurality of

annular first openings; and

word line structures extending in the second direction on
surfaces of the plurality of isolation structures and the
plurality of channel areas.

13. The three-dimensional semiconductor structure of
claim 12, further comprising: drain areas in the semicon-
ductor layers extending in the first direction retained
between adjacent first trenches in the drain region, and
source areas in the semiconductor layers extending in the
first direction retained between adjacent first trenches in the
source region, wherein each of the source areas is located in
an extending direction of a corresponding one of the drain
areas, and both each of the source areas and the correspond-
ing one of the drain areas are connected with a correspond-
ing one of the channel areas.

14. The three-dimensional semiconductor structure of
claim 13, wherein a doping type of the drain areas is a same
as a doping type of the source areas and is opposite to a
doping type of the channel areas.

15. The three-dimensional semiconductor structure of
claim 13, further comprising: second through vias each
penetrating a plurality of drain areas in a vertical direction,
and bit lines in the second through vias.

16. The three-dimensional semiconductor structure of
claim 11, wherein the semiconductor substrate has a
grounded end, and the grounded conductive plug is con-
nected with the grounded end.

17. The three-dimensional semiconductor structure of
claim 11, wherein a material of the grounded conductive
plug is a doped semiconductor material or a metal.

18. The three-dimensional semiconductor structure of
claim 12, wherein a depth of each of the plurality of annular
first openings is 30%-45% of a thickness of each of the
channel body layers, and a width of each of the plurality of
annular first openings in the second direction is 80%-95% of
a width of each of the channel areas in the second direction.
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