SEMICONDUCTOR STRUCTURE AND METHOD FOR
MANUFACTURING SAME

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] The disclosure is based upon, and claims priority to Chinese Patent
Application No. 202210726332.2 filed on June 23, 2022 and entitled “Semiconductor
Structure and Method for Manufacturing Same”, the disclosure of which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD

[ 0002] The disclosure relates to the technical field of semiconductor manufacturing, in

particular to a semiconductor structure and a method for manufacturing the same.

BACKGROUND

[ 0003] A semiconductor structure generally includes a substrate, multiple transistors
located on the substrate, and an isolation structure located in the substrate for isolating
the multiple transistors. The transistors usually adopt a planar gate structure, and the gate

structure thereof is intersected with the isolation structure.

[ 0004] However, with the continuous development of semiconductor structures
towards miniaturization and high integration, the electric field between transistor channel
regions increases rapidly, thereby generating many hot electrons, leading to Hot Electron
Induced Punch-through (HEIP) effect. Hot electrons may be trapped in the isolation
structures, which deteriorates the turn-off characteristics of the transistor and degrades

the performance of the semiconductor structure.



SUMMARY

[ 0005] Embodiments of the disclosure provide a semiconductor structure. The
semiconductor structure includes a substrate, a first isolation trench located in the
substrate, a first insulating layer covering a bottom surface and a lower part of a sidewall
of the first isolation trench, a second insulating layer covering an upper part of the
sidewall of the first isolation trench, and a third insulating layer at least partially located
between the first insulating layer and the second insulating layer to isolate the first

insulating layer from the second insulating layer.

[ 0006] In some embodiments, a material of the first insulating layer and a material of
the second insulating layer include nitride, and a material of the third insulating layer

includes oxide.

[ 0007] In some embodiments, a ratio of a height of the first insulating layer to a height
of the second insulating layer is in a range of 2 to 6, and a ratio of a height of a part of the
third insulating layer located between the first insulating layer and the second insulating

layer to the height of the second insulating layer is in a range of 0.3 to 0.7.

[ 0008] In some embodiments, both a thickness of the first insulating layer and a

thickness of the second insulating layer are in a range of 5 nm to 30 nm.

[ 0009] In some embodiments, the semiconductor structure further includes a fourth
insulating layer located between an inner wall of the first isolation trench and the first
insulating layer and covering the bottom surface and the lower part of the sidewall of the
first isolation trench, and a first filling layer filling a recess defined by the first insulating

layer in the first isolation trench.

[ 0010] In some embodiments, the third insulating layer includes a bottom layer and a
sidewall layer. The bottom layer covers the fourth insulating layer, the first insulating
layer and a top of the first filling layer. The sidewall layer is located between the upper

part of the sidewall of the first isolation trench and the second insulating layer.

[0011] In some embodiments, the semiconductor structure further includes a second

filling layer filling a recess defined by the second insulating layer together with the



bottom layer of the third insulating layer in the first isolation trench.

[ 0012] In some embodiments, the semiconductor structure further includes a second
isolation trench. The second isolation trench includes a first sub-trench and a second sub-

trench. A width of the second sub-trench is greater than a width of the first sub-trench.

[ 0013] In some embodiments, the fourth insulating layer covers a bottom surface and
a lower part of a sidewall of the second sub-trench. The first insulating layer fills a recess
defined by the fourth insulating layer in the second sub-trench. The third insulating layer
covers an upper part of the sidewall of the second sub-trench and the top of the fourth
insulating layer and the top of the first insulating layer. The second filling layer fills a

recess defined by the third insulating layer in the second sub-trench.

[ 0014] In some embodiments, the first isolation trenches are located in a device core
region or a peripheral region, used for isolating selection transistors. The second isolation

trenches are located in a device unit region, and used for isolating memory units.

[ 0015] The embodiments of the disclosure also provide a method for manufacturing a

semiconductor structure. The method includes the following operations.

[ 0016] A substrate is provided.
[ 0017] The substrate is etched to form a first isolation trench.
[ 0018] A first insulating layer is formed and covers a bottom surface and a lower part

of a sidewall of the first isolation trench.

[ 0019] A third insulating layer is formed on the first insulating layer, and at least

covers a top of the first insulating layer.

[ 0020] A second insulating layer is formed on the third insulating layer, covers an
upper part of the sidewall of the first isolation trench, and is isolated from the first

insulating layer by the third insulating layer.

[ 0021] In some embodiments, in a same step of etching the substrate to form the first

isolation trench, the method further includes the following operations.



[ 0022] The substrate is etched to form a second isolation trench. The second isolation
trench includes a first sub-trench and a second sub-trench. A width of the second sub-

trenches is greater than a width of the first sub-trench.

[ 0023] In some embodiments, before forming the first insulating layer in the

semiconductor substrate, the method further includes the following operations.

[ 0024] A fourth insulating material layer is formed, covers an inner surface of the first
isolation trench and an inner surface of the second sub-trench, and fills the first sub-

trench.

[ 0025] In some embodiments, the forming the first insulating layer includes the

following operations.

[ 0026] A first insulating material layer is formed, covers the fourth insulating material

layer, and fully fills the second sub-trench.

[ 0027] A first filling material layer is formed, covers the first insulating material layer,

and fully fills the first isolation trench.

[ 0028] The first insulating layer, the fourth insulating layer and the first filling layer
are formed, by etching the first filling material layer, the first insulating material layer
and the fourth insulating material layer to make the top of the first insulating material
layer, a top of the fourth insulating material layer and a top of the first filling material

layer lower than an upper surface of the substrate.

[ 0029] In some embodiments, the forming the third insulating layer includes the

following operations.

[ 0030] A third insulating material layer is formed and etched to form the third
insulating layer covering the top of the fourth insulating layer, the top of the first
insulating layer and the top of the first filling layer, and the upper part of the sidewall of
the first isolation trench and the upper part of sidewall of the second sub-trench. A part of
the third insulating layer in the first isolation trench defines a first accommodating cavity,

and a part of the third insulating layer in the second sub-trench defines a second



accommodating cavity.

[ 0031] In some embodiments, the forming the second insulating layer includes the

following operations.

[ 0032] A second insulating material layer is formed, covers a bottom surface and a
sidewall of the first accommodating cavity, and fully fills the second accommodating

cavity.

[ 0033] The second insulating material layer is etched to remove the second insulating
material layer located in the second accommodating cavity and the second insulating
material layer covering the bottom surface of the first accommodating cavity, to form the

second insulating layer covering the sidewall of the first accommodating cavity.

[ 0034] In some embodiments, after forming the second insulating layer, the method

further includes the following operations.

[ 0035] A second filling material layer is formed on the third insulating layer and the
second insulating layer, and fully fills the first accommodating cavity and the second

accommodating cavity.

[ 0036] A second filling material layer is etched to make a top of the second filling
material layer flush with the top of the second insulating layer, so as to form the second

filling layer.

[ 0037] Embodiments of the disclosure provide a semiconductor structure and a
method for manufacturing the same. The semiconductor structure includes a substrate, a
first isolation trench located in the substrate, a first insulating layer covering a bottom
surface and a lower part of a sidewall of the first isolation trench, a second insulating
layer covering an upper part of the sidewall of the first isolation trench, and a third
insulating layer at least partially located between the first insulating layer and the second
insulating layer to isolate the first insulating layer from the second insulating layer. In the
embodiments of that present disclosure, the third insulating layer is used to isolate the
first insulating layer from the second insulating layer, thereby isolating hot electrons

trapped in the first insulating layer from hot electrons trapped in the second insulating



layer, preventing the hot electrons trapped in the second insulating layer from flowing to
the first insulating layer, and thus reducing the number of the hot electrons stored in the
first insulating layer. Meanwhile, the first insulating layer and the second insulating layer
are isolated from each other. Compared with the case where the first insulating layer and
the second insulating layer are not isolated from each other, carriers for storing hot
electrons are reduced in the first insulating layer and the second insulating layer, so that
they only can store relatively few hot electrons, which can effectively alleviate the HEIP

effect.

[ 0038] Details of one or more embodiments of the present disclosure are set forth in
the following accompany drawings and description. Other features and advantages of the
present disclosure will become apparent from the accompany drawings of the

specification and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0039] To more clearly illustrate technical solution in the embodiments of the
disclosure, the drawings needed in the embodiments will be briefly described below, and
it will be apparent that the drawings described below are only of some embodiments of
the disclosure, from which other drawings may be obtained without creative effort by a

person of ordinary skill in the art.

[ 0040] FIG. 1 schematically shows a top view of a semiconductor structure provided

by an embodiment of the disclosure.

[ 0041] FIG. 2 schematically shows a cross-sectional diagram of a structure along the

lines A-A', B-B' of FIG. 1.

[ 0042] FIG. 3 is a flowchart of a method for manufacturing a semiconductor structure

provided by an embodiment of the disclosure.

[ 0043] FIGS. 4 to 12 schematically show structures of a semiconductor structure

during a manufacturing process provided by an embodiment of the disclosure.



DETAILED DESCRIPTION

[ 0044] Exemplary embodiments of the disclosure will be described in more detail
below with reference to the accompanying drawings. Although the exemplary
embodiments of the disclosure are shown in the accompanying drawings, it is to be
understood that the disclosure may be implemented in various forms and should not be
limited by the specific embodiments set forth herein. On the contrary, these embodiments
are provided to enable a more thorough understanding of the disclosure and to fully

convey the scope of the disclosure to those skilled in the art.

[ 0045] In the following description, numerous specific details are given to provide a
more thorough understanding of the disclosure. However, it will be apparent to those
skilled in the art that the disclosure may be practiced without one or more of these details.
In other examples, some technical features well known in the art are not described in
order to avoid confusion with the disclosure. That is, not all features of the actual
embodiments are described herein, and well-known functions and structures are not

described in detail.

[ 0046] In the figures, the sizes of a layer, an area, and an element and their relative
sizes may be exaggerated for clarity. The same reference sign represents the same

element throughout.

[ 0047] It should be understood that while the element or the layer is referred to as
being “on”, “adjacent to”, “connected to” or “coupled to” other elements or layers, it may
be directly on the other elements or layers, adjacent to, connected or coupled to the other
elements or layers, or an intermediate element or layer may be existent. In contrast, while
the element is referred to as being “directly on”, “directly adjacent to”, “directly
connected to” or “directly coupled to” other elements or layers, the intermediate element
or layer is not existent. It should be understood that although terms “first”, “second”,
“third” and the like may be used to describe various elements, components, areas, layers

and/or sections, these elements, components, areas, layers and/or sections should not be

limited by these terms. These terms are only used to distinguish one element, component,



area, layer or section from another element, component, area, layer or section. Therefore,
without departing from the teaching of the disclosure, a first element, component, area,
layer, or section discussed below may be represented as a second element, component,
area, layer, or section. While the second element, component, area, layer, or section is
discussed, it does not mean that the first element, component, area, layer, or section is

necessarily existent in the disclosure.
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[ 0048] Spatial relation terms, such as “under ...”, “below ...”, “lower”,
“underneath ...”, “above ...”, “upper” and the like, may be used here for conveniently
describing a relationship between one element or feature shown in the drawings and other
elements or features. It should be understood that in addition to orientations shown in the
drawings, the spatial relation terms are intended to further include the different
orientations of a device in use and operation. For example, if the device in the drawings
is turned over, then the elements or the features described as “below” or “underneath” or
“under” other elements may be oriented “on” the other elements or features. Therefore,
the exemplary terms “below ...” and “under ...” may include two orientations of up and

down. The device may be otherwise oriented (rotated by 90 degrees or other orientations)

and the spatial relation terms used here are interpreted accordingly.

[ 0049] The terms used here are only intended to describe the specific embodiments
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and are not limitations to the disclosure. As used herein, singular forms of an” and
“said/the” are also intended to include plural forms, unless otherwise clearly indicated in
the context. It should also be understood that terms “composing” and/or “including”,
while used in the description, demonstrate the presence of the described features, integers,
steps, operations, elements and/or components, but do not exclude the presence or
addition of one or more other features, integers, steps, operations, elements, components,
and/or groups. As used herein, a term “and/or” includes any and all combinations of

related items listed.

[ 0050] A semiconductor structure generally includes a substrate, multiple transistors
located on the substrate, and an isolation trench located in the substrate for isolating the
multiple transistors, and an isolation structure located within the isolation trench. The

transistors usually have a planar gate structure, and the gate structure thereof is



intersected with the isolation structure. The isolation structure typically includes an oxide
layer covering an inner wall of the isolation trench, a nitride layer covering the oxide

layer, and a filling layer filling the isolation trench.

[ 0051] However, with the continuous development of semiconductor structures
towards miniaturization and high integration, the electric field between transistor channel
regions increases rapidly, thereby generating many hot electrons. Hot electrons may be
trapped in the nitride layer which has an ability of trapping high-energy electrons, and the
trapped hot electrons may attract holes, and thus the holes are concentrated in the
substrate adjacent to the isolation structures, which makes the effective channel length of
the transistor smaller than an original length thereof. Therefore, a current may flow even
without a voltage applied to the gate structure of the transistor, which deteriorates the
turn-off characteristics of the transistor, increases the leakage current of the transistor,
and degrades the performance of the semiconductor structure. This is the Hot Electron

Induced Punch-through (HEIP) effect.

[ 0052] HEIP effect is usually alleviated by increasing the thickness of the oxide layer
to increase the distance between the nitride layer and the substrate. However, this

increases process difficulty of forming the isolation structure.

[ 0053] Based on this, the following technical solutions are provided in the
embodiments of the present disclosure. The specific embodiments of the present
disclosure will be described in detail below in conjunction with the accompany drawings.
In detailing the embodiment of the disclosure, for the sake of illustration, scheme
diagrams will not be partially enlarged in accordance with the normal scale. The scheme
diagrams are only exemplary, and should not limit the scope of protection of the

disclosure here.

[ 0054] FIG. 1 schematically shows a top view of a semiconductor structure provided
by an embodiment of the disclosure. FIG. 2 schematically shows a cross-sectional
diagram of a structure along the lines A-A', B-B' of FIG. 1. The semiconductor structure
provided by the embodiments of the disclosure will be described further below with
reference to the accompanying FIG. 1 to FIG. 2.



[ 0055] As shown in the figures, the semiconductor structure includes a substrate 10, a
first isolation trench 11 located in the substrate 10, a first insulating layer 13 covering a
bottom surface and a lower part of a sidewall of the first isolation trench 11, a second
insulating layer 16 covering an upper part of the sidewall of the first isolation trench 11,
and a third insulating layer 15 at least partially located between the first insulating layer
13 and the second insulating layer 16 to isolate the first insulating layer 13 and the

second insulating layer 16.

[ 0056] In practices, the semiconductor structure provided by the embodiments of the
present disclosure may be a three-dimensional dynamic random access memory (3D
DRAM), but is not limited thereto. The semiconductor structure may also be any

semiconductor structure.

[ 0057] The substrate may be a semiconductor substrate and may include at least one
elemental semiconductor material, such as silicon (Si) substrate, germanium (Ge)
substrate), at least one III-V compound semiconductor material, at least one II-VI
compound semiconductor material, at least one organic semiconductor material, or other
semiconductor materials known in the art. In a particular embodiment, a semiconductor

substrate is a silicon substrate, which may or may not be doped.

[ 0058] In an embodiment, the substrate 10 includes a device unit region 101, and a
device core region or a peripheral region 102. In some embodiments, the first isolation
trench 11 is located in a device core region or a peripheral region 102 for isolating
selection transistors. Specifically, the first isolation trench 11 defines at least one first
active area AA1l in the device core region or peripheral region 102. In practice, a
selection transistor having a planar gate structure, such as a P-type transistor or an N-type

transistor may be formed on the first active area AA1.

[ 0059] In an embodiment, materials of the first insulating layer 13 and the second
insulating layer 16 include nitride. In the embodiments of the present disclosure, nitride
is used as the materials of the first insulating layer 13 and the second insulating layer 16.
By doing so, tensile stress, or compressive stress of channel regions of the transistors can
be increased according to requirements, thereby satisfying the requirements on stress of

the transistors and improving mobility of carriers in the channel regions of the transistors.
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Specifically, the tensile stress causes tensile strain in the channel regions, which can
increase the mobility of electrons in the N-type transistors, while the compressive stress
causes compressive strain in the channel regions, which can increase the mobility of
holes in the P-type transistors. The material of the first insulating layer 13 may be the
same as or be different from that of the second insulating layer 16. In an embodiment, the
material of the first insulating layer 13 is the same as that of the second insulating layer
16 for example, being silicon nitride. But it is not limited to the above, any material
satisfying the stress requirements described above may be used as the materials of the
first insulating layer 13 and the second insulating layer 16. The material of the third

insulating layer 15 includes oxide, for example, silicon oxide.

[ 0060] The first insulating layer 13 and the second insulating layer 16 have an ability
to capture hot electrons. In the embodiments of the present disclosure, the third insulating
layer 15 is used to isolate the first insulating layer 13 from the second insulating layer 16,
thereby isolating hot electrons trapped in the first insulating layer 13 from hot electrons
trapped in the second insulating layer 16, preventing the hot electrons trapped in the
second insulating layer 16 from flowing to the first insulating layer 13, and thus reducing
the number of the hot electrons stored in the first insulating layer 13. Meanwhile, the first
insulating layer 13 and the second insulating layer 16 are isolated from each other.
Compared with the case where the first insulating layer 13 and the second insulating
layer 16 are not isolated from each other, carriers for storing hot electrons are reduced in
the first insulating layer 13 and the second insulating layer 16, so that they only can store

relatively few hot electrons, which can effectively alleviate the HEIP effect.

[ 0061] A ratio of a height of the first insulating layer 13 to a height of the second
insulating layer 16 should not be too large or too small. When the ratio of the height of
the first insulating layer 13 to the height of the second insulating layer 16 is too large, the
first insulating layer 13 will extend to the upper part of the first isolation trench 11, and
thus more hot electrons will be stored in the first insulating layer 13, and more holes will
be accumulated in the upper part of the first active area AA1, which cannot effectively
alleviate the HEIP effect. If the ratio of the height of the first insulating layer 13 to the
height of the second insulating layer 16 is too small, the height of the second insulating

layer 16 located in the upper part of the first isolation trench 11 will be high, the second
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insulating layer 16 will capture a larger number of hot electrons, and thus more holes will
be accumulated the upper part of the first active area AA1, which cannot effectively
alleviate the HEIP effect, either. In an embodiment, the ratio of the height of the first
insulating layer 13 to the height of the second insulating layer 16 is in a range of 2 to 6,

specifically, for example, 3, 4, 5, etc.

[ 0062] A height of a part of the third insulating layer 15 located between the first
insulating layer 13 and the second insulating layer 16 should not be too large or too small.
When the height of the part of the third insulating layer 15 located between the first
insulating layer 13 and the second insulating layer 16 is too large, a sum of the height of
the first insulating layer 13 and the height of the second insulating layer 16 will be too
small, which results in that the first insulating layer 13 and the second insulating layer 16
cannot effectively raise the stress of the substrate 10. When the height of the part of the
third insulating layer 15 located between the first insulating layer 13 and the second
insulating layer 16 is too small, the HEIP effect cannot be effectively alleviated. In an
embodiment, a ratio of the height of the part of the third insulating layer 15 located
between the first insulating layer 13 and the second insulating layer 16 to the height of
the second insulating layer 16 is in a range of 0.3 to 0.7, specifically, for example, 0.4,

0.5, 0.6, etc.

[ 0063] In an embodiment, both a thickness of the first insulating layer 13 and a
thickness of the second insulating layer 16 are in a range of 5 nm to 30 nm. In some
embodiments, both the thickness of the first insulating layer 13 and the thickness of the
second insulating layer 16 are in range of 10 nm to 25 nm. In a specific embodiment, the
thickness of the first insulating layer 13 is greater than that of the second insulating layer
16, and the second insulating layer 16 has a thinner thickness. Therefore, hot electrons
stored in the first insulating layer 13 are relatively few, thereby effectively alleviating the

HEIP effect.

[ 0064] In an embodiment, the semiconductor structure further includes: a fourth
insulating layer 18 and a first filling layer 14. The fourth insulating layer 18 is located
between the inner wall of the first isolation trench 11 and the first insulating layer 13,

covers the bottom surface and the lower part of the sidewall of the first isolation trench
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11. The first filling layer 14 fills a recess S1 defined by the first insulating layer 13 in the
first isolation trench 11. A material of the fourth insulating layer 18 may be the same as
that of the third insulating layer 15, for example, silicon oxide. A material of the first

filling layers 14 may be an oxide, such as silicon oxide.

[ 0065] In an embodiment, the third insulating layer 15 includes a bottom layer 151
and a sidewall layer 152. The bottom layer 151 overs tops of the fourth insulating layer
18, the first insulating layer 13 and the first filling layer 14. The sidewall layer 152 is
located between the upper part of the sidewall of the first isolation trench 11 and the
second insulating layer 16. In some embodiments, the third insulating layer 15 also

covers the upper surface of the substrate 10.

[ 0066] In the embodiment of the present disclosure, by disposing the fourth insulating
layer 18 between the substrate 10 and the first insulating layer 13, and disposing the third
insulating layer 15 between the substrate 10 and the second insulating layer 16, the
substrate 10 is isolated from the first insulating layer 13 and the second insulating layer
16, thereby further alleviating the HEIP effect. In addition, in the embodiment of the
present disclosure, by using the third insulating layer 15 to isolate the first insulating
layer 13 from the second insulating layer 16, the HEIP effect is effectively alleviated.
Therefore, there is no need to additionally thicken the thicknesses of the fourth insulating
layer 18 and the third insulating layer 15, which simplifies the process and increases

processing windows.

[ 0067] In an embodiment, the semiconductor structure further includes a second
filling layer 17. The second filling layer 17 fills a recess S2 defined by the second
insulating layer 16 together with the bottom layer 151 of the third insulating layer 15 in
the first isolation trench 11. A material of the second filling layer 17 may be the same as

that of the first filling layer 14, for example, silicon oxide.

[ 0068] In an embodiment, the semiconductor structure further includes a second
isolation trench 12. The second isolation trench 12 includes a first sub-trench 121 and a
second sub-trench 122. A width of the second sub-trench 122 is greater than a width of
the first sub-trench 121. Specifically, second isolation trenches 12 are located in the

device unit region 101 for isolating memory units, and define multiple second active
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areas AA2 arranged in parallel with each other in the device unit region 101. In practice,
the first isolation trench 11 and the second isolation trench 12 are formed in the same
processing operation, and the width of the first isolation trench 11 is greater than that of
the first sub-trench 121 and that of the second sub-trenches 122. It is to be understood
that, since both the width of the first isolation trenches 11 and that of the second sub-
trenches 122 are greater than the width of the first sub-trenches 121, depths of the first
isolation trench 11 and the second sub-trench 122 are greater than a depth of the first sub-

trench 121 under the same etching conditions.

[ 0069] In an embodiment, the fourth insulating layer 18 covers a bottom surface and a
lower part of a sidewall of the second sub-trench 122. The first insulating layer 13 fills a
recess S3 defined by the fourth insulating layer 18 in the second sub-trench 122. The
third insulating layer 15 covers an upper part of a sidewall of the second sub-trench 122
and the tops of the fourth insulating layer 18 and the first insulating layer 13. The second
filling layer 17 fills a recess S4 defined by the third insulating layer 15 in the second sub-
trench 122. In some embodiments, the fourth insulating layer 18 fills a lower part of the
first sub-trench 121, and the third insulating layer 15 fills an upper part of the first sub-
trench 121.

[ 0070] The embodiments of the disclosure also provide a method for manufacturing a

semiconductor structure, as shown in FIG. 3. The method includes the following

operations.
[ 0071] At step S301, a substrate is provided.
[ 0072] At step S302, the substrate is etched to form a first isolation trench.
[ 0073] At step S303, a first insulating layer is formed, and covers a bottom surface

and a lower part of a sidewall of the first isolation trench.

[ 0074] At step S304, a third insulating layer is formed on the first insulating layer, at

least covers a top of the first insulating layer.

[ 0075] At step S305, a second insulating layer is formed on the third insulating layer,

covers an upper part of the sidewall of the first isolation trench, and is isolated from the
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first insulating layer by the third insulating layer.

[ 0076] The method for manufacturing the semiconductor structure of the
embodiments of the present disclosure is further described in detail below with reference
to FIG. 4 to FIG. 12 and FIG2. FIGS. 4 to 12 schematically show cross-sectional

structures along lines A-A 'and B-B' of FIG. 1 during each processing operation.
[ 0077] First, as shown in FIG. 4, step S301 is performed and a substrate is provided.

[ 0078] The substrate may be a semiconductor substrate and may include at least one
elemental semiconductor material (such as silicon (Si) substrate, germanium (Ge)
substrate), at least one III-V compound semiconductor material, at least one II-VI
compound semiconductor material, at least one organic semiconductor material, or other
semiconductor materials known in the art. In a particular embodiment, a semiconductor

substrate is a silicon substrate, which may or may not be doped.

[ 0079] In an embodiment, the substrate 10 includes a device unit region 101, and a
device core region or a peripheral region 102. In practice, memory units may be formed
in the device unit region 101 and selection transistors may be formed in the device core

region or peripheral region 102.

[ 0080] Next, step S302 is performed, as shown in FIG. 5, the substrate 10 is etched to

form the first isolation trench 11.

[ 0081] Specifically, the first isolation trench 11 may be formed by photolithography
and dry/wet etching processes. The first isolation trench 11 is formed in the device core
or peripheral region 102, and defines at least one first active area AA1 in the device core
region or peripheral region 102. In practice, a selection transistor having a planar gate
structure, such as a P-type transistor or an N-type transistor may be formed in the first

active area AAI.

[ 0082] In an embodiment, in the same step of etching the substrate 10 to form the first
isolation trench 11, the method further includes the following operations. The substrate
10 is etched to form to form a second isolation trench 12. The second isolation trench 12

includes a first sub-trench 121 and a second sub-trench 122. A width of the second sub-
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trench 122 is greater than a width of the first sub-trench 121. In some embodiments,
second isolation trenches 12 are formed in the device unit region 101 for isolating
memory units, and define multiple second active areas AA2 arranged in parallel with
each other in the device unit region 101. In practice, the memory units may subsequently
be formed in the second active areas AA2 and the second isolation trenches 12 are used
to isolate the memory units. In the embodiment of the present disclosure, the first
isolation trenches 11 and the second isolation trenches 12 are formed in the same
processing operation, thereby omitting one masking process, and thus simplifying the

process.

[ 0083] In an embodiment, the width of the first isolation trenches 11 is greater than
that of the first sub-trench 121 and that of the second sub-trench 122. It is to be
understood that, since both the width of the first isolation trench 11 and that of the second
sub-trench 122 are greater than the width of the first sub-trench 121, depths of the first
isolation trench 11 and the second sub-trench 122 are greater than a depth of the first sub-

trench 121 under the same etching conditions.

[ 0084] Next, step S303 is performed, and as shown in FIGS. 7 to 8, a first insulating
layer 13 is formed. The first insulating layer 13 covers a bottom surface and a lower part

of the sidewall of the first isolation trench 11.

[ 0085] In an embodiment, as shown in FIG. 6, before forming the first insulating layer
13, a fourth insulating material layer 18’ is formed. The fourth insulating material layer
18’ covers inner surfaces of the first isolation trench 11 and the second sub-trench 122,
and fills the first sub-trench 121. In some embodiments, the fourth insulating material
layer 18 also covers the upper surface of the substrate 10. It is to be understood that,
since the depth and the width of the first sub-trench 121 are relative small, the fourth
insulating material layer 18’ can fully fill the first sub-trench 121, but cannot fully fill the
first isolation trench 11 and the second sub-trench 122 under the same deposition
conditions. Therefore, the fourth insulating layer 18 finally formed fills a lower part of
the first sub-trench 121. The fourth insulating material layer 18* may be formed by using
an atomic layer deposition (ALD) process combined with an in-situ steam generation

process (ISSG). A material of the fourth insulating layer 18 includes oxide, for example,
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silicon oxide.

[ 0086] Referring to FIGS. 7 to 8 again, the forming the first insulating layer 13

includes the following operations.

[ 0087] A first insulating material layer 13’ is formed, covers the fourth insulating

material layer 18, and fully fills the second sub-trench 122.

[ 0088] A first filling material layer 14’ is formed, covers the first insulating material

layer 13°, and fully fills the first isolation trench 11.

[ 0089] The first filling material layer 14, the first insulating material layer 13’ and the
fourth insulating material layer 18’ are etched to make tops of the first insulating material
layer 13°, the fourth insulating material layer 18 and the first filling material layer 14’
lower than the upper surface of the substrate 10, thereby forming the first insulating layer

13, the fourth insulating layer 18 and the first filling layer 14.

[ 0090] It is to be understood that, since the width of the second sub-trench 122 is
smaller than that of the first isolation trench 11, the first insulating material layer 13’ can
fully fill the second sub-trench 122, but cannot fully fill the first isolation trench 11 under
the same deposition conditions. The first insulating material layer 13” and the first filling
material layer 14” may be formed by using a chemical vapor deposition (CVD) process, a
plasma enhanced chemical vapor deposition (PECVD) process, an atomic layer
deposition (ALD) process, or a combination thereof. A material of the first insulating
layer 13 includes nitride, for example, silicon nitride. A material of the first insulating

layer 14 includes oxide, for example, silicon oxide.

[ 0091] Next, step S304 is performed, and as shown in FIG. 9, a third insulating layer
15 is formed on the first insulating layer 13. The third insulating layer 15 at least covers a

top of the first insulating layer 13.

[ 0092] Specifically, the forming the third insulating layer 15 includes the following
operations. A third insulating material layer (not shown in the figures) is formed and
etched to form the third insulating layer 15 covering tops of the fourth insulating layer

18, the first insulating layer 13 and the first filling layer 14 and upper parts of sidewalls
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of the first isolation trench 11 and the second sub-trench 122. A part of the third
insulating layer 15 within the first isolation trench 11 defines a first accommodating
cavity T1, and a part of the third insulating layer 15 within the second sub-trench 122
defines a second accommodating cavity T2. The third insulating layer 15 also covers the

upper surface of the substrate 10.

[ 0093] It is to be understood that, the width and depth of the first sub-trench 121 are
relative small, so that the third insulating layer 15 can fully fill a part of the first sub-
trench 121 that is not filled by the fourth insulating layer 18 under the same deposition
conditions. The third insulating layer 15 may be formed by using a chemical vapor
deposition (CVD) process, a plasma enhanced chemical vapor deposition (PECVD)
process, an atomic layer deposition (ALD) process, or a combination thereof. A material

of the third insulating layer 15 includes oxide, for example, silicon oxide.

[ 0094] Next, step S305 is preformed, and as shown in FIGS. 10 to 11, a second
insulating layer 16 is formed over the third insulating layer 15. The second insulating
layer 16 covers the upper part of the sidewall of the first isolation trench 11. The third
insulating layer 15 isolates the first insulating layer 13 from the second insulating layer

16.

[ 0095] Specifically, the forming the second insulating layer 16 includes the following
operations.
[ 0096] A second insulating material layer 16’ is formed, covers a bottom surface and a

sidewall of the first accommodating cavity T1, and fully fills the second accommodating

cavity T2.

[ 0097] The second insulating material layer 16’ is etched to removing the second
insulating material layer 16’ located in the second accommodating cavity T2 and the
second insulating material layer 16’ covering the bottom surface of the first
accommodating cavity T1 to form the second insulating layer 16 covering the sidewall of

the first accommodating cavity T1.

[ 0098] It is to be understood that, since the width of the second sub-trench 122 is

smaller than that of the first isolation trench 11, a width of the second accommodating
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cavity T2 is smaller than that of the first accommodating cavity T1. The second
insulating material layer 16’ can fully fill the second accommodating cavity T2, but
cannot fully fill the first accommodating cavity T1, under the same deposition conditions.
The second insulating material layer 16 may be formed by using a chemical vapor
deposition (CVD) process, a plasma enhanced chemical vapor deposition (PECVD)

process, an atomic layer deposition (ALD) process, or a combination thereof.

[ 0099] In an embodiment, a material of the second insulating layer 16 includes nitride.
In the embodiment of the present disclosure, nitride is used as the materials of the first
insulating layer 13 and the second insulating layer 16. By doing so, tensile stress or
compressive stress of channel regions of the transistors can be increased according to
requirements, thereby satisfying the requirements on stress of the transistors and
improving mobility of carriers in the channel regions of the transistors. Specifically, the
tensile stress causes tensile strain in the channel regions, which can increase the mobility
of electrons in the N-type transistors, while the compressive stress causes compressive
strain in the channel regions, which can increase the mobility of holes in the P-type
transistors. The material of the first insulating layer 13 may be the same as or be different
from that of the second insulating layer 16. In one specific embodiment, the material of
the first insulating layer 13 is the same as that of the second insulating layer 16 for
example, being silicon nitride. But it is not limited to the above, any material satisfying
the stress requirements described above may be used as the materials of the first

insulating layer 13 and the second insulating layer 16.

[ 00100] The first insulating layer 13 and the second insulating layer 16 have an ability
to capture hot electrons. In the embodiments of the present disclosure, the third insulating
layer 15 is used to isolate the first insulating layer 13 from the second insulating layer 16,
thereby isolating hot electrons trapped in the first insulating layer 13 from hot electrons
trapped in the second insulating layer 16. Especially, in a subsequent process such as a
thermal processing, the hot electrons in the second insulating layer 16 may be lost, and
the presence of the third insulating layer 15 can prevent the hot electrons captured in the
second insulating layer 16 from flowing into the first insulating layer 13. By doing so, the
number of the hot electrons stored in the first insulating layer 13 can be reduced.

Meanwhile, the first insulating layer 13 and the second insulating layer 16 are isolated
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from each other. Compared with the case where the first insulating layer 13 and the
second insulating layer 16 are not isolated from each other, carriers for storing hot
electrons are reduced in the first insulating layer 13 and the second insulating layer 16, so
that they only can store relatively few hot electrons, which can effectively alleviate the

HEIP effect.

[ 00101] A ratio of a height of the first insulating layer 13 to a height of the second
insulating layer 16 should not be too large or too small. When the ratio of the height of
the first insulating layer 13 to the height of the second insulating layer 16 is too large, the
first insulating layer 13 will extend to the upper part of the first isolation trench 11, and
thus more hot electrons will be stored in the first insulating layer 13, and more holes will
be accumulated in the upper part of the first active area AA1, which cannot effectively
alleviate the HEIP effect. If the ratio of the height of the first insulating layer 13 to the
height of the second insulating layer 16 is too small, the height of the second insulating
layer 16 located in the upper part of the first isolation trench 11 will be high, the second
insulating layer 16 will capture a larger number of hot electrons, and thus more holes will
be accumulated in the upper part of the first active area AA1, which cannot effectively
alleviate the HEIP effect, either. In an embodiment, the ratio of the height of the first
insulating layer 13 to the height of the second insulating layer 16 is in a range of 2 to 6,

specifically, for example, 3, 4, 5, etc.

[ 00102] A height of a part of the third insulating layer 15 located between the first
insulating layer 13 and the second insulating layer 16 should not be too large or too small.
When the height of the part of the third insulating layer 15 between the first insulating
layer 13 and the second insulating layer 16 is too large, a sum of the height of the first
insulating layer 13 and the height of the second insulating layer 16 will be too small,
which results in that the first insulating layer 13 and the second insulating layer 16 cannot
effectively raise the stress of the substrate 10. When the height of the part of the third
insulating layer 15 located between the first insulating layer 13 and the second insulating
layer 16 is too small, the HEIP effect cannot be effectively alleviated. In an embodiment,
a ratio of the height of the part of the third insulating layer 15 located between the first
insulating layer 13 and the second insulating layer 16 to the height of the second
insulating layer 16 is in a range of 0.3 to 0.7, specifically, for example, 0.4, 0.5, 0.6, etc.
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[ 00103] In an embodiment, both a thickness of the first insulating layer 13 and a
thickness of the second insulating layer 16 are in a range of 5 nm to 30 nm. In some
embodiments, both the thickness of the first insulating layer 13 and the thickness of the
second insulating layer 16 are in a range of 10 nm to 25 nm. In a specific embodiment,
the thickness of the first insulating layer 13 is greater than that of the second insulating
layer 16, and the second insulating layer 16 has a thinner thickness. Therefore, hot
electrons stored in the first insulating layer 13 are relatively few, thereby effectively

alleviating the HEIP effect.

[ 00104] Referring again to FIG. 11, it can be seen that the fourth insulating layer 18
and the third insulating layer 15 isolate the substrate 10 from the first insulating layer 13
and the second insulating layer 16, respectively, thereby further alleviating the HEIP
effect. In addition, in the embodiment of the present disclosure, by using the third
insulating layer 15 to isolate the first insulating layer 13 from the second insulating layer
16, the HEIP effect is effectively alleviated. Therefore, there is no need to additionally
thicken the thicknesses of the fourth insulating layer 18 and the third insulating layer 15,

which simplifies the process and increases processing windows.

[ 00105] As shown in FIGS. 12 and 2, after forming the second insulating layer 16, the

method further includes the following operations.

[ 00106] A second filling material layer 17 is formed on the third insulating layer 15
and the second insulating layer 16. The second filling material layer 17’ fully fills the

first accommodating cavity T1 and second accommodating cavity T2.

[ 00107] The second filling material layer 17’ is etched to make a top of the second
filling material layer 17’ flush with a top of the second insulating layer 16, thereby

forming a second filling layer 17.

[ 00108] The above is only the preferred embodiments of the disclosure, and is not
intended to limit the protection scope of the disclosure. Any modification, equivalent
replacement and improvement made within the spirit and principles of the disclosure

shall be included in the protection scope of the disclosure.

INDUSTRIAL PRACTICALITY
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[ 00109] In the embodiments of the present disclosure, the third insulating layer is used
to isolate the first insulating layer from the second insulating layer, thereby isolating hot
electrons trapped in the first insulating layer from hot electrons trapped in the second
insulating layer, preventing the hot electrons trapped in the second insulating layer from
flowing to the first insulating layer, and thus reducing the number of the hot electrons
stored in the first insulating layer. Meanwhile, the first insulating layer and the second
insulating layer are isolated from each other. Compared with the case where the first
insulating layer and the second insulating layer are not isolated from each other, carriers
for storing hot electrons are reduced in the first insulating layer and the second insulating
layer, so that they only can store relatively few hot electrons, which can effectively

alleviate the HEIP effect.
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CLAIMS

1. A semiconductor structure comprising:

a substrate, and a first isolation trench and a second isolation trench located in the

substrate;

a first insulating layer covering a bottom surface and a lower part of a sidewall of the

first isolation trench;

a first filling layer, filling a recess defined by the first insulating layer in the first

isolation trench;

a fourth insulating layer located between an inner wall of the first isolation trench and
the first insulating layer, and covering the bottom surface and the lower part of the sidewall of

the first isolation trench;

a second insulating layer covering an upper part of the sidewall of the first isolation

trench;

a third insulating layer at least partially located between the first insulating layer and
the second insulating layer to isolate the first insulating layer from the second insulating layer,
wherein the third insulating layer comprises a bottom layer and a sidewall layer, wherein the
bottom layer covers a top of the fourth insulating layer, a top of the first insulating layer and a
top of the first filling layer, and the sidewall layer is located between the upper part of the

sidewall of the first isolation trench and the second insulating layer; and

a second filling layer, filling a recess defined by the second insulating layer together

with the bottom layer of the third insulating layer in the first isolation trench;

wherein the second isolation trench comprises a first sub-trench and a second sub-

trench, and a width of the second sub-trench is greater than a width of the first sub-trench.

23



2. The semiconductor structure of claim 1, wherein a material of the first insulating layer and
a material of the second insulating layer comprise nitride, and a material of the third

insulating layer comprises oxide.

3. The semiconductor structure of claim 1, wherein a ratio of a height of the first insulating
layer to a height of the second insulating layer is in a range of 2 to 6, and a ratio of a height of
a part of the third insulating layer located between the first insulating layer and the second

insulating layer to the height of the second insulating layer is in a range of 0.3 t0 0.7.

4. The semiconductor structure of claim 1, wherein both a thickness of the first insulating

layer and a thickness of the second insulating layer are in a range of 5 nm to 30 nm.

5. The semiconductor structure of claim 1, wherein

the fourth insulating layer covers a bottom surface and a lower part of a sidewall of the
second sub-trench, and the first insulating layer fills a recess defined by the fourth insulating

layer in the second sub-trench;

the third insulating layer covers an upper part of the sidewall of the second sub-trench

and the top of the fourth insulating layer and the top of the first insulating layer; and

the second filling layer fills a recess defined by the third insulating layer in the second

sub-trench.

6. The semiconductor structure of claim 1, wherein the first isolation trench is located in a
device core region or a peripheral region for isolating selection transistors, and the second

isolation trench is located in a device unit region for isolating memory units.
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7. A method for manufacturing a semiconductor structure, comprising:
providing a substrate;

etching the substrate to form a first isolation trench and a second isolation trench,
wherein the second isolation trench comprises a first sub-trench and a second sub-trench, and

a width of the second sub-trench is greater than a width of the first sub-trench;

forming a first insulating layer, wherein the first insulating layer covers a bottom

surface and a lower part of a sidewall of the first isolation trench;

forming a third insulating layer on the first insulating layer, wherein the third

insulating layer at least covers a top of the first insulating layer; and

forming a second insulating layer on the third insulating layer, wherein the second
insulating layer covers an upper part of the sidewall of the first isolation trench, and is isolated

from first insulating layer by the third insulating layer;
wherein before forming the first insulating layer, the method further comprises:

forming a fourth insulating material layer, wherein the fourth insulating material layer
covers an inner surface of the first isolation trench and an inner surface of the second sub-

trench, and fills the first sub-trench.

8. The method of claim 7, wherein the forming the first insulating layer comprises:

forming a first insulating material layer, wherein the first insulating material layer

covers the fourth insulating material layer and fully fills the second sub-trench;

forming a first filling material layer, wherein the first filling material layer covers the

first insulating material layer and fully fills the first isolation trench; and

etching the first filling material layer, the first insulating material layer and the fourth
insulating material layer to make a top of the first insulating material layer, a top of the fourth

insulating material layer and a top of the first filling material layer lower than an upper
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surface of the substrate, so as to form the first insulating layer, the fourth insulating layer and

the first filling layer.

9. The method of claim 8, wherein the forming the third insulating layer comprises:

forming and etching a third insulating material layer to form the third insulating layer
covering a top of the fourth insulating layer, the top of the first insulating layer and a top of
the first filling layer, and the upper part of the sidewall of the first isolation trench and the

upper part of a sidewall of the second sub-trench,

wherein a part of the third insulating layer in the first isolation trench defines a first
accommodating cavity, and a part of the third insulating layer in the second sub-trench defines

a second accommodating cavity.

10. The method of claim 9, wherein the forming the second insulating layer comprises:

forming a second insulating material layer, wherein the second insulating material
layer covers a bottom surface and a sidewall of the first accommodating cavity and fully fills

the second accommodating cavity; and

etching the second insulating material layer to remove the second insulating material
layer located in the second accommodating cavity and the second insulating material layer
covering the bottom surface of the first accommodating cavity, so as to form the second

insulating layer covering the sidewall of the first accommodating cavity.

11. The method of claim 10, after forming the second insulating layer, the method further

comprises:

forming a second filling material layer on the third insulating layer and the second
insulating layer, wherein the second filling material layer fully fills the first accommodating

cavity and the second accommodating cavity; and
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etching the second filling material layer to make a top of the second filling material

layer flush with a top of the second insulating layer, so as to form a second filling layer.
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