MANUFACTURING METHOD FOR SEMICONDUCTOR
STRUCTURE AND SEMICONDUCTOR STRUCTURE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present disclosure claims priority to Chinese patent application No.
202010984302.2, filed on September 18, 2020 and entitled "METHOD FOR
MANUFACTURING SEMICONDUCTOR STRUCTURE AND SEMICONDUCTOR
STRUCTURE", the disclosure of which is hereby incorporated by reference in its

entirety.

TECHNICAL FIELD

[0002] The disclosure relates to the technical field of a semiconductor, and in
particular to a method for manufacturing a semiconductor structure and a semiconductor

structure.

BACKGROUND

[0003] In existing shallow trench isolation (STI) technologies, a shallow trench results
in a poor isolation effect, while the smaller size of an active region limits the connection
of devices. It is difficult for the process in the related art to deepen the trench while
correspondingly increasing the size of the active region. Therefore, a trench structure in
the conventional art is difficult to meet performance requirements of a semiconductor

structure.

SUMMARY



[0004] The present disclosure provides a method for manufacturing a semiconductor
structure and a semiconductor structure to improve the performance of the semiconductor

structure.

[0005] According to a first aspect of the disclosure, a method for manufacturing a

semiconductor structure is provided, including the following operations.
[0006] A substrate is provided, an isolation trench being formed on the substrate.

[0007] A silicon-rich isolation layer is formed in the isolation trench, the silicon-rich

isolation layer covering an inner surface of the isolation trench.

[0008] An isolation oxide layer is formed in the isolation trench.
[0009] The isolation oxide layer fills up the isolation trench.
[0010] In an embodiment of the disclosure, forming an isolation oxide layer in the

isolation trench includes the following operations.

[0011] A first isolation oxide layer is formed in the isolation trench, at least part of the

first isolation oxide layer being formed by oxidizing the silicon-rich isolation layer.

[0012] A second isolation oxide layer is formed in the isolation trench, the second
isolation oxide layer covering the first isolation oxide layer, and the first isolation oxide

layer and the second isolation oxide layer serving as the isolation oxide layer.

[0013] In an embodiment of the disclosure, after the first isolation oxide layer is
formed in the isolation trench, the silicon-rich isolation layer is completely oxidized into

a first oxide layer.

[0014] In an embodiment of the disclosure, forming a first isolation oxide layer

includes the following operations.

[0015] A second oxide layer is formed in the isolation trench, which covers the
silicon-rich isolation layer, and after the second oxide layer is formed, part of the silicon-

rich isolation layer being oxidized into the first oxide layer.



[0016] The silicon-rich isolation layer is oxidized by an in-situ steam generation
process, after the in-situ steam generation process is finished, at least part of the silicon-

rich isolation layer is oxidized into the first oxidation layer.

[0017] A third oxide layer is formed in the isolation trench, which covers the second

oxide layer.

[0018] After the third oxide layer is formed, the silicon-rich isolation layer is
completely oxidized into the first oxide layer, and the first oxide layer, and the second

oxide layer, and the third oxide layer serve as the first isolation oxide layer.

[0019] In an embodiment of the disclosure, the isolation trench includes a first
isolation trench and a second isolation trench, and a width of the first isolation trench is

greater than that of the second isolation trench.

[0020] The first oxide layer, the second oxide layer, the third oxide layer and the
second isolation oxide layer serve as a first isolation trench oxide layer to fill the first
isolation trench, and the first oxide layer, the second oxide layer and the third oxide layer

serve as a second isolation trench oxide layer to fill the second isolation trench.

[0021] In an embodiment of the disclosure, the second oxide layer and the third oxide

layer are both formed by an atomic deposition process.

[0022] In an embodiment of the disclosure, the second isolation oxide layer is formed

by a spin-on dielectric layer process.

[0023] In an embodiment of the disclosure, the silicon-rich isolation layer is a

polycrystalline silicon layer.

[0024] In an embodiment of the disclosure, the silicon-rich isolation layer covers a
sidewall of the isolation trench from a bottom of the isolation trench to a top of the

isolation trench, in which the silicon-rich isolation layer has an uniform thickness...

[0025] In an embodiment of the disclosure, the silicon-rich isolation layer covers a
sidewall of the isolation trench from a bottom of the isolation trench to a top of the

isolation trench, in which the silicon-rich isolation layer has an increasing thickness.



[0026] In an embodiment of the disclosure, the silicon-rich isolation layer is formed

by a low step coverage furnace tube process.

[0027] According to a second aspect of the disclosure, a semiconductor structure is

provided, including: a substrate and an isolation oxide layer.

[0028] Isolation trenches and a plurality of active regions are formed on the substrate,

and the isolation trenches are located between the plurality of active regions.

[0029] An isolation oxide layer is located in the isolation trenches and includes a first
isolation oxide layer and a second isolation oxide layer, and the first isolation oxide layer

covers an inner surface of the isolation trenches.

[0030] At least part of the first isolation oxide layer is formed by oxidizing a silicon-

rich isolation layer covering the inner surface of the isolation trenches.

[0031] In an embodiment of the disclosure, the isolation trenches include first
isolation trenches and second isolation trenches, and a width of the first isolation trenches

is greater than that of the second isolation trenches.

[0032] The first isolation trenches are filled with the first isolation oxide layer and the
second isolation oxide layer, and the second isolation trenches are filled with the first

isolation oxide layer.

[0033] According to the method of manufacturing a semiconductor structure of the
disclosure, the silicon-rich isolation layer is formed in the isolation trench first, and then
the isolation oxide layer is formed. The silicon-rich isolation layer can prevent the
substrate from being oxidized in a procedure of forming the isolation oxide layer, that is,
the finally formed isolation oxide layer does not occupy a region where the active region
is located, and the size of the active region is ensured. Due to an isolation effect of the
silicon-rich isolation layer, the depth of the isolation trench can be increased under the
condition permitted by the process, therefore the isolation effect is enhanced, and the

performance of the semiconductor structure is improved.



BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Various objects, features, and advantages of the disclosure will become more
apparent from the following detailed description of preferred embodiments of the
disclosure when considered in combination with the accompanying drawings. The
drawings are only exemplary illustrations of the disclosure and are not necessarily drawn
to scale. In the drawings, like reference numerals refer to the same or similar parts

throughout.

[0035] FIG. 1 is a flowchart of a method for manufacturing a semiconductor structure

shown according to an exemplary embodiment.

[0036] FIG. 2 is a structural top view of a semiconductor structure shown according to

an exemplary embodiment.
[0037] FIG. 3 is a cross-sectional structural view along A-A in FIG. 2.

[0038] FIG. 4 is a structural schematic diagram of forming an isolation trench
according to a method for manufacturing a semiconductor structure shown in an

exemplary embodiment.

[0039] FIG. 5 is a structural schematic diagram of forming a silicon-rich isolation
layer according to a method for manufacturing a semiconductor structure shown in an

exemplary embodiment.

[0040] FIG. 6 is a structural schematic diagram of forming a second oxide layer
according to a method for manufacturing a semiconductor structure shown in an

exemplary embodiment.

[0041] FIG. 7 is a structural schematic diagram after an in-situ steam generation
process according to a method for manufacturing a semiconductor structure shown in an

exemplary embodiment.

[0042] FIG. 8 is a structural schematic diagram of forming a third oxide layer
according to a method for manufacturing a semiconductor structure shown in an

exemplary embodiment.



[0043] FIG. 9 is a structural schematic diagram of forming a second isolation oxide
layer according to a method for manufacturing a semiconductor structure shown in an

exemplary embodiment.

[0044] FIG. 10 is a structural schematic diagram of forming a silicon-rich isolation
layer according to a method for manufacturing a semiconductor structure shown in

another exemplary embodiment.

[0045] FIG. 11 is a structural schematic diagram of forming a second oxide layer
according to a method for manufacturing a semiconductor structure shown in another

exemplary embodiment.

[0046] FIG. 12 is a structural schematic diagram after an in-situ steam generation
process according to a method for manufacturing a semiconductor structure shown in

another exemplary embodiment.

[0047] FIG. 13 is a structural schematic diagram of forming a third oxide layer
according to a method for manufacturing a semiconductor structure shown in another

exemplary embodiment.

[0048] FIG. 14 is a structural schematic diagram of forming a second isolation oxide
layer according to a method for manufacturing a semiconductor structure shown in

another exemplary embodiment.
[0049] Reference numerals are illustrated as follows.

[0050] 10, substrate; 11, isolation trench; 111, first isolation trench; 112, second
isolation trench; 12, active region; 20, silicon-rich isolation layer; 30, isolation oxide
layer; 31, first isolation oxide layer; 32, second isolation oxide layer; 33, first oxide layer;

34, second oxide layer; and 35, third oxide layer.

DETAILED DESCRIPTION

[0051] Typical embodiments that embody the features and advantages of the

disclosure will be described in detail in the following description. It is to be understood



that the disclosure can be changed in different embodiments without departing from the
scope of the disclosure, and that the description and drawings are illustrative in nature

and are not intended to limit the disclosure.

[0052] In the following description of different exemplary embodiments of the
disclosure, reference is made to the accompanying drawings, which form a part of the
disclosure, and in which different exemplary structures, systems, and steps for
implementing various aspects of the disclosure are shown by way of an example. It is to
be understood that other specific solutions of a part, a structure, an exemplary device, a
system, and a step can be utilized, and a structural and functional modification can be
made without departing from the scope of the disclosure. Moreover, although terms "on",
"between", "within”, etc. can be used in the specification to describe different exemplary
features and elements of the disclosure, these terms are used herein for convenience only,
for example, according to a direction of the example in the drawings. Any content in the

specification should not be construed as requiring a specific three-dimensional direction

of the structure to fall within the scope of the disclosure.

[0053] An embodiment of the disclosure provides a method for manufacturing a
semiconductor structure. Referring to FIG. 1, the method for manufacturing a

semiconductor structure includes the following operations.

[0054] At S101, a substrate 10 is provided, an isolation trench 11 being formed on the
substrate 10.

[0055] At S103, a silicon-rich isolation layer 20 is formed in the isolation trench 11,

which covers an inner surface of the isolation trench 11.

[0056] At S105, an isolation oxide layer 30 is formed in the isolation trench 11.
[0057] The isolation oxide layer 30 fills up the isolation trench 11.
[0058] According to the method for manufacturing a semiconductor structure of an

embodiment of the disclosure, the silicon-rich isolation layer 20 is formed in the isolation
trench 11 first, and then the isolation oxide layer 30 is formed. The silicon-rich isolation

layer 20 can prevent the substrate 10 from being oxidized in a procedure of forming the



isolation oxide layer 30, that is, the finally formed isolation oxide layer 30 does not
occupy a region where the active region 12 is located, and the size of the active region 12
is ensured. Moreover, due to an isolation effect of the silicon-rich isolation layer 20, the
depth of the isolation trench 11 can be increased under the conditions permitted by a
process, thereby enhancing the isolation effect, and improving the performance of the

semiconductor structure.

[0059] It should be noted that, due to a limitation of an etching process, the size of the
isolation trench 11 on the substrate 10 has a limit value, that is, the minimum size is
limited. If the size of the isolation trench 11 is etched to the minimum size, at this time, if
the isolation oxide layer 30 is formed according to a formation process of the related art,
the substrate 10 will be oxidized during the formation of the isolation oxide layer 30,
thereby occupying the region where the active region 12 is located. Therefore, it is
difficult to deepen the isolation trench 11 by adjusting the etching depth-to-width ratio in

the related art while increasing the size of the active region 12 at the same time.

[0060] According to the method for manufacturing a semiconductor structure of the
disclosure, the silicon-rich isolation layer 20 covering the inner surface of the isolation
trench 11 can be formed first in the isolation trench 11 by utilizing the isolation trench 11
with the minimum size, and then the isolation oxide layer 30 is formed. During the
formation of the isolation oxide layer 30, even if an oxidation phenomenon occurs, the

silicon-rich isolation layer 20 is oxidized, while the substrate 10 is not oxidized.

[0061] It should be noted that during the formation of the isolation oxide layer 30, the
silicon-rich isolation layer 20 will be oxidized, that is, the isolation oxide layer 30
includes a thin film formed after the silicon-rich isolation layer 20 is oxidized. In the
embodiment, after the isolation oxide layer 30 is formed in the isolation trench 11, the

whole silicon-rich isolation layer 20 is oxidized as a part of the first oxide layer 30.

[0062] A forming process of the isolation oxide layer 30 can be an Atomic Layer
Deposition (ALD) process, an In-Situ Steam Generation (ISSG) process, a spin-on

dielectric (SOD) process, etc.

[0063] In an embodiment, the substrate 10 can be formed of silicon-containing



material. The substrate 10 can be formed of any suitable material, for example, including
at least one of silicon, monocrystalline silicon, polycrystalline silicon, amorphous silicon,
silicon germanium, monocrystalline silicon germanium, polycrystalline silicon

germanium, and carbon-doped silicon.

[0064] It should be noted that after the isolation trench 11 is etched on the substrate
10, the silicon-rich isolation layer 20 can be formed in the isolation trench 11 by using a
chemical vapor deposition (CVD) process. In an embodiment, the operation that an
isolation oxide layer 30 is formed in the isolation trench 11 includes that: a first isolation
oxide layer 31 is formed in the isolation trench 11, at least part of the first isolation oxide
layer 31 is formed by oxidizing the silicon-rich isolation layer 20; and a second isolation
oxide layer 32 is formed in the isolation trench 11, in which the second isolation oxide
layer 32 covers the first isolation oxide layer 31, and the first isolation oxide layer 31 and

the second isolation oxide layer 32 serve as the isolation oxide layer 30.

[0065] Specifically, during the formation of the first isolation oxide layer 31, the
atomic layer deposition process, the in-situ steam generation process, etc. are adopted,
therefore the silicon-rich isolation layer 20 is oxidized, and thus the first isolation oxide
layer 31 is formed. That is, in addition to preventing the oxidization of the substrate 10,
the silicon-rich isolation layer 20 can finally serve as a part for forming the isolation
oxide layer 30. This ensures that the isolation oxide layer 30 has sufficient isolation
capability. After the first isolation oxide layer 31 is formed, the second isolation oxide
layer 32 covers the first isolation oxide layer 31, and the second isolation oxide layer 32

fills up the remaining space of the isolation trench 11.

[0066] In an embodiment, after the first isolation oxide layer 31 is formed in the
isolation trench 11, the whole silicon-rich isolation layer 20 is oxidized into the first
oxide layer 33. That is, the first isolation oxide layer 31 includes a thin film formed after
oxidation of at least part of the silicon-rich isolation layer 20. The first oxide layer 33
formed by the whole oxidized silicon-rich isolation layer 20 ensures that the isolation

oxide layer 30 has the sufficient isolation capability.

[0067] Specifically, during the formation of the first isolation oxide layer 31, all the

silicon-rich isolation layer 20 is oxidized, for example, during the formation of the first



isolation oxide layer 31 by using the atomic layer deposition process and the in-situ
moisture generation process, the silicon-rich isolation layer 20 is gradually oxidized, and
finally, the silicon-rich isolation layer 20 completely forms the first isolation oxide layer

31.

[0068] In an embodiment, the operation that the first isolation oxide layer 31 is
formed includes that: a second oxide layer 34 is formed in the isolation trench 11, which
covers the silicon-rich isolation layer 20, and after the second oxide layer 34 is formed, a
part of the silicon-rich isolation layer 20 is oxidized to form the first oxide layer 33; the
silicon-rich isolation layer 20 is oxidized by the in-situ steam generation process, after
the in-situ steam generation process is finished, at least part of the silicon-rich isolation
layer 20 is oxidized to form the first oxide layer 33; and a third oxide layer 35 is formed
in the isolation trench 11, which covers the second oxide layer 34, in which after the third
oxide layer 35 is formed, the whole silicon-rich isolation layer 20 is oxidized to form the
first oxide layer 33. The first oxide layer 33, the second oxide layer 34, and the third

oxide layer 35 serve as the first isolation oxide layer 31.

[0069] Specifically, a forming procedure of the first isolation oxide layer 31 mainly
includes three steps. The second oxide layer 34 is formed first on the inner surface of the
silicon-rich isolation layer 20, during which, a part of the silicon-rich isolation layer 20
can be oxidized. The silicon-rich isolation layer 20 is processed by the in-situ steam
generation process. At this time, at least part of the silicon-rich isolation layer 20 is
oxidized to form the first oxide layer 33. Finally, the third oxide layer 35 is formed on the
surface of the second oxide layer 34. The first oxide layer 33, the second oxide layer 34,

and the third oxide layer 35 constitute the first isolation oxide layer 31.

[0070] In an embodiment, the second oxide layer 34 and the third oxide layer 35 are
formed by the atomic deposition process, that is, the second oxide layer 34 is formed on
the surface of the silicon-rich isolation layer 20 by the atomic deposition process, and
after the silicon-rich isolation layer 20 is oxidized by using the in-situ steam generation
process to form the first oxide layer 33, and the third oxide layer 35 is formed on the

surface of the second oxide layer 34 by the atomic deposition process.

[0071] In an embodiment, the second isolation oxide layer 32 is formed by a spin-on
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dielectric layer process. That is, after the first isolation oxide layer 31 is formed, the
second isolation oxide layer 32 is formed in the isolation trench 11 by the spin-on
dielectric layer process, at this time, the unoccupied region of the isolation trench 11 is
fully filled, and the second isolation oxide layer 32 covers the first isolation oxide layer

31 located on an upper surface of the substrate 10.

[0072] It should be noted that the second oxide layer 34 is formed on the inner surface
of the silicon-rich isolation layer 20 and the upper surface of the substrate 10 by the
atomic deposition process, specifically, referring to FIG. 6 and FIG. 11. The uniformity
of the thin film formed by the atomic deposition process is particularly good, that is, the
uniformity of the second oxide layer 34 is ensured to meet the requirement. The silicon-
rich isolation layer 20 is oxidized by using the in-situ steam generation process to form
the first oxide layer 33 on the inner side of the second oxide layer 34, specifically,
referring to FIG. 7 and FIG. 12. The in-situ steam generation process is performed by
annealing with H2/O2, which ensures that most of the silicon-rich isolation layer 20 is
oxidized, and the density of the second oxide layer 34 can be increased, therefore the
effect of isolating the oxide layer is ensured. The third oxide layer 35 is formed on the
inner surface of the second oxide layer 34 and on the second oxide layer 34 on the upper
surface of the substrate 10 by the atomic deposition process, specifically, referring to
FIG. 8 and FIG. 13. The uniformity of the third oxide layer 35 formed by using the
atomic deposition process meets the requirement. Finally, the second isolation oxide
layer 32 is formed on the inner surface of the third oxide layer 35 and on the third oxide
layer 35 on the upper surface of the substrate 10 by the spin-on dielectric layer process,
specifically, referring to FIG. 9 and FIG. 14. By using the spin-on dielectric layer
process, it is ensured that the isolation trench 11 is fully filled, and an annealing process

is added subsequently to ensure the formation of silicon oxide.

[0073] In an embodiment, as shown in FIG. 2 and FIG. 3, a plurality of active regions
12 are formed on the substrate 10. The isolation trenches 11 are respectively located
between the plurality of active regions 12. The isolation trenches 11 include first isolation
trenches 111 and second isolation trenches 112. The width of the first isolation trenches
111 is greater than the width of the second isolation trenches 112, and the depth of the

first isolation trenches 111 is greater than the depth of the second isolation trenches 112.
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That is, the filling amount in the first isolation trenches 111 is greater than the filling

amount in the second isolation trenches 112.

[0074] In an embodiment, the first oxide layer 33, the second oxide layer 34, the third
oxide layer 35, and the second isolation oxide layer 32 serve as a first isolation trench
oxide layer to fill the first isolation trenches 111. Since the width of the first isolation
trenches 111 is greater, the trenches are not filled up after the first oxide layer 33, the
second oxide layer 34, and the third oxide layer 35 are formed, therefore the second
isolation oxide layer 32 needs to be formed by the spin-on dielectric layer process for

filling.

[0075] In an embodiment, the first oxide layer 33, the second oxide layer 34, and the
third oxide layer 35 serve as a second isolation trench oxide layer to fill the second
i1solation trenches 112. Since the width of the second isolation trenches 112 is smaller, the
second isolation trenches 112 can be fully filled up after the first oxide layer 33, the
second oxide layer 34, and the third oxide layer 35 are formed. Of course, it is also not
excluded that some of the second isolation trenches 112 are still unfilled after the first

isolation oxide layer 31 is formed, which can be filled up by the second isolation oxide

layer 32.
[0076] In an embodiment, the isolation oxide layer 30 is a silicon dioxide layer.
[0077] In an embodiment of the disclosure, the silicon-rich isolation layer 20 is a

polycrystalline silicon layer. The polycrystalline silicon layer is oxidized by a subsequent

process to form the silicon dioxide layer.

[0078] In an embodiment, the silicon-rich isolation layer 20 is formed by a furnace

tube process.

[0079] In an embodiment, the operation that a silicon-rich isolation layer 20 is formed
includes that: Co6H17NSi is introduced into the furnace tube to form a seed crystal on the
surface of the isolation trench 11; and Si2H4 is introduced into the furnace tube to form

the silicon-rich isolation layer 20 on the inner surface of the isolation trench 11.

[0080] Specifically, the C6H17NSi is introduced into the furnace tube, the reaction
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time is controlled to be 8 min-12 min, and the temperature is controlled at 400°C-440°C,
therefore the seed crystal is rapidly grown on the surface of the substrate 10, and in the
embodiment, the reaction time is controlled at 10 min, and the temperature is controlled
at 420°C. The Si2H4 is then introduced, the reaction time is controlled to be 8min-12min,
and the temperature is controlled at 400°C-440°C to form the silicon-rich isolation layer
20. In the embodiment, the reaction time is controlled at 10 min, and the temperature is

controlled at 420°C.

[0081] In an embodiment, the silicon-rich isolation layer 20 covering a sidewall of the
isolation trench 11 is equal in thickness from the bottom of the isolation trench 11 to the
top of the isolation trench 11, that is, the silicon-rich isolation 20 with the uniform

thickness is formed on the surface of the substrate 10.

[0082] It should be noted that the thickness of the silicon-rich isolation layer 20 at the
bottom end of the isolation trench 11 can also be equal to the thickness of the silicon-rich

isolation layer 20 covering the sidewall of the isolation trench 11.

[0083] Specifically, the method for manufacturing a semiconductor structure in the

embodiment includes the following operation.

[0084] As shown in FIG. 4, the isolation trench 11 is etched on the substrate 10. The
isolation trench 11 includes the first isolation trench 111 and the second isolation trench
112, the depth and width of the first isolation trench 111 are greater than the depth and
width of the second isolation trench 112, the depth of the first isolation trench 111 can be
260 nm-300 nm, and the depth of the second isolation trench 112 can be 225 nm-265 nm.

[0085] On the basis of FIG. 4, the silicon-rich isolation layer 20 is formed in the
isolation trench 11 by using a chemical vapor deposition process, as shown in FIG. 5, the
thickness of the silicon-rich isolation layer 20 is consistent, and the thickness of the

silicon-rich isolation layer 20 can be 2.3 nm-3.1 nm.

[0086] On the basis of FIG. 5, the second oxide layer 34 is formed on the inner
surface of the silicon-rich isolation layer 20 and on the upper surface of the substrate 10
by using the atomic layer deposition process, as shown in FIG. 6, in the procedure, a part

of the silicon-rich isolation layer 20 is oxidized (since a small part of the silicon-rich
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isolation layer 20 is oxidized in the procedure, the oxidized part of the silicon-rich

isolation layer 20 is not shown in FIG. 6).

[0087] On the basis of FIG. 6, the silicon-rich isolation layer 20 is oxidized by using
the in-situ steam generation process to form the first oxide layer 33, as shown in FIG. 7,
that is, at least part of the silicon-rich isolation layer 20 is oxidized to form the first oxide
layer 33 (in the embodiment of FIG. 7, the silicon-rich isolation layer 20 is fully oxidized

by the in-situ steam generation process).

[0088] On the basis of FIG. 7, the third oxide layer 35 is formed by using the atomic
layer deposition process, as shown in FIG. 8, if the unoxidized silicon-rich isolation layer
20 exists after the in-situ steam generation process, the unoxidized part is fully oxidized
in the procedure. The first oxide layer 33, the second oxide layer 34, and the third oxide

layer 35 serve as the first isolation oxide layer 31.

[0089] On the basis of FIG. 8, the second isolation oxide layer 32 is formed by using
the spin-on process, as shown in FIG. 9, the first isolation oxide layer 31 and the second
isolation oxide layer 32 serve as the isolation oxide layer 30 to fill up the isolation trench
11, that is, the semiconductor structure shown in FIGS. 2 and 3 is finally formed. The

isolation oxide layer 30 is constituted by the same material, for example, silicon oxide.

[0090] It should be noted that after the first isolation oxide layer 31 is formed, the
second isolation trench 112 is fully filled. The second isolation oxide layer 32 is
configured to fill the first isolation trench 111 and to cover a part of the first isolation

oxide layer 31 located on the upper surface of the substrate 10.

[0091] In an embodiment, the silicon-rich isolation layer 20 covering a sidewall of the
isolation trench 11 is gradually increased in thickness from the bottom of the isolation
trench 11 to the top of the isolation trench 11, that is, the silicon-rich isolation 20 with the

gradually changed thickness is formed on the surface of the substrate 10.

[0092] In an embodiment, the silicon-rich isolation layer 20 is formed by a low step
coverage furnace tube process, therefore the silicon-rich isolation layer 20 with the

gradually changed thickness can be formed on the surface of the substrate 10.
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[0093] It should be noted that the silicon-rich isolation layer 20 located on an upper
part of the isolation trench 11 has the largest thickness, while the silicon-rich isolation
layer 20 located on a lower part of the isolation trench 11 has the smallest thickness.
Limited by the manufacturing process, the silicon-rich isolation layer 20 located on the
upper part of the isolation trench 11 is oxidized faster in the subsequent processes,
therefore this structure can ensure the simultaneous oxidation of the silicon-rich isolation

layer 20 without the problem of oxidizing the substrate 10.

[0094] Specifically, the method for manufacturing a semiconductor structure in the

embodiment includes the following operation.

[0095] The isolation trench 11 is etched in the substrate 10. A specific structure and
size of the isolation trench 11 can be referred to a structure shown in FIG. 4, which will

not be described in detail herein.

[0096] On the basis of FIG. 4, the silicon-rich isolation layer 20 is formed in the
isolation trench 11 by using the chemical vapor deposition process, as shown in FIG. 10.
The thickness of the silicon-rich isolation layer 20 is of a gradually changed structure,
and the thickness of the silicon-rich isolation layer 20 can be 2.3 nm — 3.1 nm. In the
embodiment, the thickness of the silicon-rich isolation layer 20 located at the upper part
of the isolation trench 11 can be 2.8 nm — 3.1 nm, the thickness of the silicon-rich
isolation layer 20 located in the middle part of the isolation trench 11 can be 2.6 nm — 2.9
nm, and the thickness of the silicon-rich isolation layer 20 located on the bottom of the

isolation trench 11 can be 2.3 nm — 2.7 nm.

[0097] On the basis of FIG. 10, the second oxide layer 34 is formed on the inner
surface of the silicon-rich isolation layer 20 and on the upper surface of the substrate 10
by using the atomic layer deposition process, as shown in FIG. 11, in the procedure, a
part of the silicon-rich isolation layer 20 is oxidized (Since a small part of the silicon-rich
isolation layer 20 is oxidized in the procedure, the oxidized part of the silicon-rich

isolation layer 20 is not shown in FIG. 11).

[0098] On the basis of FIG. 11, the silicon-rich isolation layer 20 is oxidized by using

the in-situ steam generation process to form the first oxide layer 33, as shown in FIG. 12.
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That is, at least part of the silicon-rich isolation layer 20 is oxidized to form the first
oxide layer 33 (in the embodiment of FIG. 12, the silicon-rich isolation layer 20 is fully

oxidized by the in-situ steam generation process).

[0099] On the basis of FIG. 12, the third oxide layer 35 is formed by using the atomic
layer deposition process, as shown in FIG. 13. If the unoxidized silicon-rich isolation
layer 20 exists after the first oxide layer 33 is formed, the unoxidized part is fully
oxidized in the procedure. The first oxide layer 33, the second oxide layer 34, and the

third oxide layer 35 serve as the first isolation oxide layer 31.

[00100] On the basis of FIG. 13, the second isolation oxide layer 32 is formed by using
the spin-on process, as shown in FIG. 14, and the first isolation oxide layer 31 and the
second isolation oxide layer 32 serve as the isolation oxide layer 30 to fill up the isolation
trench 11, that is, the semiconductor structure shown in FIGS. 2 and 3 is finally formed.
The isolation oxide layer 30 is constituted by the same material, for example, silicon

oxide.

[00101] It should be noted that after the first isolation oxide layer 31 is formed, the
second isolation trench 112 is fully filled. The second isolation oxide layer 32 is
configured to fill the first isolation trench 111 and to cover a part of the first isolation

oxide layer 31 located on the upper surface of the substrate 10.

[00102] In some embodiments, when the silicon-rich isolation layer 20 is oxidized by
the in-situ steam generation process, a part of the silicon-rich isolation layer 20 may not
be oxidized, and when the third oxide layer 35 is subsequently formed by the atomic
layer deposition process, the unoxidized silicon-rich isolation layer 20 is fully oxidized to

the first oxide layer 33.

[00103] It should be noted that in the semiconductor structure of FIG. 9 and FIG. 14,
the first isolation oxide layer 31 and the second isolation oxide layer 32 filled in the
isolation trench 11 are of the same in material. That is, the isolation oxide layer 30
constituted by the first isolation oxide layer 31 and the second isolation oxide layer 32
can be silicon oxide, specifically, as shown in FIG. 2 and FIG. 3. FIG. 4 to FIG.14 focus

on illustration of the manufacturing process of a semiconductor structure and any of them
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does not represent the final form of the semiconductor structure.

[00104] According to the method for manufacturing a semiconductor structure, the
isolation trench is filled with the polycrystalline silicon before the silicon dioxide is
filled, therefore silicon in the active region is prevented from being oxidized by
subsequent in-situ steam generation process. Therefore, the length and the width of the
active region are increased while effectively increasing the depth of the isolation trench.
According to the obtained semiconductor structure, the isolation effect is improved to a

certain extent, and the area of the active region is also increased.

[00105] An embodiment of the disclosure further provides a semiconductor structure,
referring to FIG. 2, FIG. 3, FIG. 9, and FIG. 14. The semiconductor structure includes: a
substrate 10, on which isolation trenches 11 and a plurality of active regions 12 are
formed, in which the isolation trenches 11 are respectively located between the plurality
of active regions 12; and an isolation oxide layer 30, which is located in the isolation
trench 11, and includes a first isolation oxide layer 31 and a second isolation oxide layer
32, in which the first isolation oxide layer 31 covers an inner surface of the isolation
trench 11, and at least part of the first isolation oxide layer 31 is formed by oxidizing a

silicon-rich isolation layer 20 covering the inner surface of the isolation trench 11.

[00106] The isolation oxide layer 30 of the semiconductor structure of an embodiment
of the disclosure is formed by the first isolation oxide layer 31 and the second isolation
oxide layer 32, and at least part of the first isolation oxide layer 31 is formed by the
oxidized silicon-rich isolation layer 20 covering the inner surface of the isolation trench
11. That is, the isolation oxide layer 30 in the isolation trenches 11 of the semiconductor
structure does not occupy the regions where the active regions 12 are located, thereby
ensuring the size of the active regions 12. Moreover due to an isolation effect of the
silicon-rich isolation layer 20, the depth of the isolation trenches 11 can be increased
under the allowable conditions of the processes, thereby enhancing the isolation effect,

and improving the performance of the semiconductor structure.

[00107] In an embodiment, the silicon-rich isolation layer 20 can be polycrystalline

silicon layer, and the isolation oxide layer 30 can be silicon dioxide.
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[00108] In an embodiment, as shown in FIG. 4, the isolation trench 11 includes a first
1solation trench 111 and a second isolation trench 112, and the width of the first isolation
trench 111 is greater than the width of the second isolation trench 112. The first isolation
trench 111 is filled with the first isolation oxide layer 31 and the second isolation oxide
layer 32, and the second isolation trench 112 is filled with the first isolation oxide layer

31, specifically, referring to FIG. 8, FIG. 9, FIG. 13, and FIG. 14.

[00109] In an embodiment, the semiconductor structure is formed by the above method

for manufacturing a semiconductor structure.

[00110] Other embodiments of the disclosure will be apparent to those skilled in the art
after consideration of the specification and practice of the disclosure disclosed here. The
disclosure is intended to cover any variations, uses, or adaptations of the disclosure, and
the variations, uses, or adaptations follow the general principles of the disclosure and
include common general knowledge or conventional technical means in the art
undisclosed by the disclosure. The specification and examples are considered as
examples only, and a true scope and spirit of the disclosure are indicated by the foregoing

claims.

[00111] It will be appreciated that the disclosure is not limited to the exact structure
that has been described above and illustrated in the accompanying drawings, and that
various modifications and changes can be made without departing from the scope

thereof. The scope of the disclosure is only limited by the appended claims.
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WHAT IS CLAIMED IS:

1. A method for manufacturing a semiconductor structure, comprising:
providing a substrate, an isolation trench being formed on the substrate;

forming a silicon-rich isolation layer in the isolation trench, the silicon-rich isolation

layer covering an inner surface of the isolation trench; and
forming an isolation oxide layer in the isolation trench,

wherein, the isolation oxide layer fills up the isolation trench.

2. The method for manufacturing a semiconductor structure of claim 1, wherein forming an

isolation oxide layer in the isolation trench comprises:

forming a first isolation oxide layer in the isolation trench, at least part of the first

isolation oxide layer being formed by oxidizing the silicon-rich isolation layer; and

forming a second isolation oxide layer in the isolation trench, the second isolation
oxide layer covering the first isolation oxide layer, and the first isolation oxide layer and the

second isolation oxide layer serving as the isolation oxide layer.

3. The method for manufacturing a semiconductor structure of claim 2, wherein after forming
the first isolation oxide layer in the isolation trench, the silicon-rich isolation layer is

completely oxidized into a first oxide layer.

4. The method for manufacturing a semiconductor structure of claim 3, wherein forming the

first isolation oxide layer comprises:

forming a second oxide layer in the isolation trench, the second oxide layer covering
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the silicon-rich isolation layer, and after the second oxide layer is formed, part of the silicon-

rich isolation layer is oxidized into the first oxide layer;

oxidizing the silicon-rich isolation layer by an in-situ steam generation process, after
the in-situ steam generation process is finished, at least part of the silicon-rich isolation layer

is oxidized into the first oxidation layer; and

forming a third oxide layer in the isolation trench, the third oxide layer covering the

second oxide layer,

wherein after the third oxide layer is formed, the silicon-rich isolation layer is
completely oxidized into the first oxide layer, and the first oxide layer, the second oxide layer,

and the third oxide layer serving as the first isolation oxide layer.

5. The method for manufacturing a semiconductor structure of claim 4, wherein the isolation
trench comprises a first isolation trench and a second isolation trench, and a width of the first

isolation trench is greater than a width of the second isolation trench,

wherein the first oxide layer, the second oxide layer, the third oxide layer and the
second isolation oxide layer serve as a first isolation trench oxide layer to fill the first
isolation trench, and the first oxide layer, the second oxide layer and the third oxide layer

serve as a second isolation trench oxide layer to fill the second isolation trench.

6. The method for manufacturing a semiconductor structure of claim 4, wherein the second

oxide layer and the third oxide layer are formed by an atomic deposition process.

7. The method for manufacturing a semiconductor structure of claim 2, wherein the second

isolation oxide layer is formed by a spin-on dielectric layer process.
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8. The method for manufacturing a semiconductor structure of claim 1, wherein the isolation

oxide layer is a silicon dioxide layer.

9. The method for manufacturing a semiconductor structure of claim 1, wherein the silicon-

rich isolation layer is a polycrystalline silicon layer.

10. The method for manufacturing a semiconductor structure of claim 1, wherein the silicon-
rich isolation layer covers a sidewall of the isolation trench from a bottom of the isolation
trench to a top of the isolation trench, in which the silicon-rich isolation layer has an uniform

thickness.

11. The method for manufacturing a semiconductor structure of claim 1, wherein the silicon-
rich isolation layer covers a sidewall of the isolation trench from a bottom of the isolation
trench to a top of the isolation trench, in which the silicon-rich isolation layer has an

increasing thickness.

12. The method for manufacturing a semiconductor structure of claim 11, wherein the silicon-

rich isolation layer is formed by a low step coverage furnace tube process.

13. The method for manufacturing a semiconductor structure of claim 12, wherein forming

the silicon-rich isolation layer comprises:

introducing C6H17NSi into a furnace tube to form a seed crystal on a surface of the

1solation trench; and

introducing Si2H4 into the furnace tube to form the silicon-rich isolation layer on the

inner surface of the isolation trench.
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14. A semiconductor structure, comprising:

a substrate, isolation trenches and a plurality of active regions being formed on the

substrate, and the isolation trenches being located between the plurality of active regions; and

an isolation oxide layer, the isolation oxide layer being located in the isolation
trenches, and comprising a first isolation oxide layer and a second isolation oxide layer, and

the first isolation oxide layer covering an inner surface of the isolation trenches,

wherein at least part of the first isolation oxide layer is formed by oxidizing a silicon-

rich isolation layer covering the inner surface of the isolation trenches.

15. The semiconductor structure of claim 14, wherein the isolation trenches comprise first
isolation trenches and second isolation trenches, and a width of the first isolation trenches is

greater than a width of the second isolation trenches,

wherein the first isolation trenches are filled with the first isolation oxide layer and the
second isolation oxide layer, and the second isolation trenches are filled with the first isolation

oxide layer.

16. The semiconductor structure of claim 14, wherein the isolation oxide layer is silicon

dioxide, and the silicon-rich isolation layer is polycrystalline silicon.
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