SEMICONDUCTOR STRUCTURE AND METHOD FOR
FABRICATING SAME

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] This application claims priority to Chinese Patent Application No.
202110432535.6 titled “SEMICONDUCTOR STRUCTURE AND METHOD FOR
FABRICATING SAME” and filed to the State Intellectual Property Office on April 21,

2021, the entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[ 0002] The present application relates to but is not limited to a semiconductor

structure and a method for fabricating a semiconductor structure.

BACKGROUND

[ 0003] A semiconductor transistor generally includes a gate positioned on a substrate
and a source region and a drain region positioned in a surface of the substrate. Generally,
the source region and the drain region of the transistor are correspondingly provided with
a conductive plug. The conductive plug is configured to connect the transistor with other

semiconductor devices to implement functions of the transistor.

[ 0004] A variety of capacitances may exist in the above transistor, which may have a
negative effect on characteristics of the transistor, particularly the capacitances between
the gate and the source region and the capacitances between the gate and the drain region

generally may have a negative effect on high-frequency characteristics of the transistor.

[ 0005] Therefore, there is an urgent need for a solution that can reduce the

capacitances between the gate and the source/drain region of semiconductor transistor.



SUMMARY

[ 0006] Embodiments of the present application provide a semiconductor structure and

a method for fabricating a semiconductor structure.

[ 0007] The embodiments of the present application provide a semiconductor structure,
which includes: a source region and a drain region arranged at intervals on a substrate; a
gate oxide layer arranged between the source region and the drain region; a gate structure
arranged on the gate oxide layer; and a conductive plug arranged at a corresponding
position of the source region and a corresponding position of the drain region. The gate
structure includes a conductive layer having an inclined side surface facing toward the

conductive plug.

[ 0008] The embodiments of the present application provide a method for fabricating a
semiconductor structure. The method includes: forming a gate oxide layer; forming a
gate structure on the gate oxide layer; forming a source region and a drain region on two
sides of the gate structure; and forming a conductive plug at a corresponding location of
the source region and a corresponding location of the drain region, respectively. The gate
structure comprises a conductive layer having an inclined side surface facing toward the

conductive plug.

BRIEF DESCRIPTION OF THE DRAWINGS
[ 0009] FIG. 1a and FIG. 1b illustrate a typical semiconductor transistor structure;

[ 0010] FIG. 2a is a schematic cross-sectional view of a semiconductor structure

according to Embodiment I of the present application;
[0011] FIG. 2b is an enlarged partial view of an existing semiconductor structure;

[ 0012] FIG. 2c¢ is an enlarged partial view of a semiconductor structure according to

an embodiment of the present application;



[ 0013] FIG. 3a is a schematic cross-sectional view of another semiconductor structure

according to Embodiment I of the present application;

[ 0014] FIG. 3b is a schematic cross-sectional view of another semiconductor structure

according to Embodiment I of the present application;

[ 0015] FIG. 4 is a schematic cross-sectional view of a semiconductor structure

according to Embodiment II of the present application;

[ 0016] FIG. 5 is a schematic cross-sectional view of another semiconductor structure

according to Embodiment II of the present application;

[ 0017] FIG. 6a and FIG. 6b are schematic structural diagrams of an inclined side

surface according to Embodiment III of the present application;

[ 0018] FIG. 6¢c and FIG. 6d are schematic structural diagrams of another inclined side

surface according to Embodiment III of the present application;

[ 0019] FIG. 7 is a schematic structural diagram of a semiconductor structure

according to Embodiment IV of the present application;

[ 0020] FIGS. 8a-8c are schematic flow diagrams of a method for fabricating a

semiconductor structure according to Embodiment V of the present application;

[ 0021] FIGS. 9a-9g relate to schematic structural diagrams of a semiconductor

structure during the fabrication method according to Embodiment V as shown in FIG. 8b;

[ 0022] FIGS. 10a-10f relate to schematic structural diagrams of a semiconductor

structure during the fabrication method according to Embodiment V as shown in FIG. 8c;

[ 0023] FIG. 11 is a schematic flow diagram of a method for fabricating a

semiconductor structure according to Embodiment VI of the present application; and

[ 0024] FIG. 12 is a schematic flow diagram of a method for fabricating a

semiconductor structure according to Embodiment VII of the present application.

[ 0025] Reference numbers in the accompanying drawings:



[ 0026] 10: existing semiconductor structure;

[ 0027] 111: source region;

[ 0028] 112: drain region;

[ 0029] 12: substrate;

[ 0030] 13: gate oxide layer;

[ 0031] 14: gate structure;

[ 0032] 15: conductive plug;

[ 0033] 16: conductive layer;

[ 0034] 20: semiconductor structure;
[ 0035] 211: source region;

[ 0036] 212: drain region;

[ 0037] 22: substrate;

[ 0038] 23: gate oxide layer;

[ 0039] 24: gate structure;

[ 0040] 25: conductive plug;

[ 0041] 251: metal plug;

[ 0042] 252: barrier layer;

[ 0043] 253: metal silicide;

[ 0044] 26: conductive layer having an inclined side surface;
[ 0045] 31: second dielectric layer;



[ 0046]

[ 0047]

[ 0048]

[ 0049]

[ 0050]

[0051]

[ 0052]

[ 0053]

[ 0054]

[ 0055]

[ 0056]

[ 0057]

[ 0058]

[ 0059]

[ 0060]

[0061]

[ 0062]

[ 0063]

[ 0064]

[ 0065]

32: contact hole;

33: side isolation structure;
331: first isolation sidewall;
332: second isolation sidewall;
333: spacer medium,;

34: lightly-doped region;

40: semiconductor structure;
411: source region;

412: drain region;

42: substrate;

43: gate oxide layer;

44: gate structure;

441: first conductive layer;
442: second conductive layer;
45: conductive plug;

46: metal layer having an inclined side surface;
50: semiconductor structure;
511: source region,;

512: drain region;

52: substrate;



[ 0066] 53: gate oxide layer;

[ 0067] 54: gate structure;

[ 0068] 541: first dielectric layer;

[ 0069] 55: conductive plug;

[ 0070] 56: metal layer having an inclined side surface;
[ 0071] 711: source region;

[ 0072] 712: drain region;

[ 0073] 72: substrate;

[ 0074] 73: gate oxide layer;

[ 0075] 74: gate structure;

[ 0076] 741: first conductive layer;

[ 0077] 742: second conductive layer;

[ 0078] 75: conductive plug;

[ 0079] 751: metal plug;

[ 0080] 752: barrier layer;

[ 0081] 753: metal silicide;

[ 0082] 76: metal layer having an inclined side surface;
[ 0083] 911: source region;

[ 0084] 912: drain region;

[ 0085] 92: substrate;



[ 0086] 93: gate oxide layer;

[ 0087] 94: gate structure;

[ 0088] 941: first conductive layer;

[ 0089] 942: second conductive layer;

[ 0090] 945: protection layer;

[ 0091] 95: conductive plug; and

[ 0092] 96: predetermined metal layer.

[ 0093] 1004: gate structure;

[ 0094] 1041: first dielectric layer; and

[ 0095] 1042: third conductive layer.

[ 0096] Some embodiments of the present application are shown by the above

drawings, and more detailed description will be made hereinafter. These drawings and
text description are not for limiting the scope of conceiving the present application in any
way, but for illustrating the concept of the present application for those skilled in the art

by referring to particular embodiments.

DETAILED DESCRIPTION

[ 0097] The terms "comprising” and "having" in the present application are intended to
be inclusive and specify the presence of other elements/constituent parts or the like
excluding the elements/constituent parts listed out. The terms “first” and “second” and so
on are merely for marker purposes, and do not impose numerical limitations on objects
thereof. In the present application, location terms such as "up, down, left, right" are used
to refer generally to up, down, left, right as shown with reference to the drawings,

without explanation to the contrary. "Inside and outside” refer to the inside and outside



with respect to a contour of each component itself. It is to be understood that the above
location terms denote relative terms and are used in this specification for convenience
only. For example, according to the direction of the example described in the drawings, if
the device of the icon is flipped upside down, the component described on "top" will
become the component described on "bottom". In the drawings, the shapes shown may be
deformed according to manufacturing technique and/or tolerances. Thus, exemplary
embodiments of the present application are not limited to the shapes as shown in the
drawings and may include shape changes caused during the manufacturing process.
Further, different components and regions in the drawings are shown only schematically,
and therefore the present application is not limited to the dimensions or distances shown

in the drawings.

[ 0098] FIG. la and FIG. 1b show a typical semiconductor transistor structure (for
example only), wherein FIG. la is a schematic top view, and FIG. 1b is a schematic

cross-sectional view along the channel length direction aa” as shown in FIG. 1a.

[ 0099] In some embodiments, when a certain voltage is applied to a gate structure, an
inversion layer is formed on a substrate surface between a source region and a drain
region. That is, a channel of the semiconductor transistor is generated, wherein the
channel length direction is a direction from the source region to the drain region or from
the drain region to the source region (the direction indicated by aa” in FIG. 1a). It is to be
understood that the transistor structure shown above is only one possible implementation,
and the solutions provided by the present application may also be applied to various

transistor structures.

[ 00100] As shown in FIG. 1b, the semiconductor transistor structure 10 includes: a
substrate 12 a gate structure 14, and a source region 111 and a drain region 112
positioned on two sides of the gate structure 14, which may also be referred to as a
source and a drain. The gate structure 14 includes a conductive layer 16, and there is
provided a gate oxide layer 13 between the gate structure 14 and the substrate 12. A
conductive plug 15 penetrating through a dielectric layer is provided in a region
corresponding to the source region 111 and the drain region 112. The conductive plug 15

is configured to transduce an external electrical signal to the source region 111 and the



drain region 112 of the transistor.

[ 00101] In practical applications, a variety of capacitances may exist in the above
structures, especially the capacitances between the gate and the source region and the
capacitances between the gate and the drain region may have a negative effect on high-
frequency characteristics of the transistor. Therefore, there is an urgent need for a
solution that can reduce the capacitances between the gate and the source/drain region of

semiconductor transistor.

[ 00102] In view of the above problems, it is found in the present application that the
capacitances between the gate and the source/drain region of the semiconductor transistor
are positively correlated with a parasitic capacitance generated between the gate
conductive layer and the conductive plug. Based on this finding, the present application
provides a solution to reduce the parasitic capacitance between the gate conductive layer
and the conductive plug of the semiconductor transistor, thereby reducing the

capacitances between the gate and the source/drain region.

[ 00103] Technical solutions of the present application and how to solve the above
technical problems based on the technical solutions of the present application are
described in detail below with reference to some embodiments. The following
embodiments may be combined with each other, and the same or similar concepts or
processes may not be repeated in some embodiments. The embodiments of the present

application will be described below with reference to the accompanying drawings.
[ 00104] Embodiment I

[ 00105] FIG. 2a is a schematic cross-sectional view of a semiconductor structure
according to Embodiment I of the present application. This semiconductor structure is
configured to reduce a parasitic capacitance between a gate and a conductive plug of a

semiconductor transistor. As shown in FIG. 2a, the semiconductor structure 20 includes:

[ 00106] a source region 211 and a drain region 212 arranged at intervals on a substrate
22;
[ 00107] a gate oxide layer 23 arranged between the source region 211 and the drain



region 212;

[ 00108] a gate structure 24 arranged on the gate oxide layer 23; and

[ 00109] a conductive plug 25 arranged at a corresponding location of the source region

211 and a corresponding location of the drain region 212.

[ 00110] The gate structure 24 comprises a conductive layer 26 having an inclined side

surface facing toward the conductive plug 25.

[ 00111] The substrate 22 may be a semiconductor substrate, such as monocrystalline

silicon or polysilicon, or amorphous structure such as silicon or silicon germanium
(SiGe), or may be a hybrid semiconductor structure, such as silicon carbide, indium
antimonide, lead telluride, indium arsenide, indium phosphide, gallium arsenide or
gallium antimonide, an alloy semiconductor, or a combination thereof. However, in this
embodiment, types of the substrate 22 are not limited thereto. The gate structure may
include at least one conductive layer. The "conductive layer having an inclined side
surface" mentioned in this embodiment refers to one or more conductive layers included

in the gate structure.

[00112] As shown in FIG. 2a, the substrate 22 has the source region 211 and the drain

region 212 arranged at intervals (the figure is for example only, and actual locations of
the source region and the drain region may be interchangeable). The "source/drain
region" and "source and drain regions" in the present application refer to the source
region and drain region. It is to be understood that the figure is only an example. For
example, the gate oxide layer 23 may cover a region other than a surface of the substrate
between the source region 211 and the drain region 212. In practical applications, the
gate oxide layer may be prepared together with a dielectric layer on the surface of the
substrate. The gate oxide layer 23 is provided with the gate structure 24, and is positioned
between the source region 211 and the drain region 212 to control the transistor to be
enabled or disabled according to an externally applied voltage. The conductive plug 25
arranged at the corresponding location of the source region 211 and the corresponding
location of the drain region 212 is in contact with the source region 211 and the drain

region 212 to transduce an electrical signal to the source region and the drain region to
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implement functions of the transistor. In some embodiments, the gate structure 24 may
also include a protection layer 245. The protection layer can protect the gate structure
from damage. The protection layer may include, but is not limited to, a silicon nitride

layer.

[ 00113] In the present application, it is found that in the above structure a parasitic
capacitance is formed between the conductive layer of the gate structure and the
conductive plug, wherein the parasitic capacitance constitutes a part of the capacitances
between the gate and the source/drain region. Particularly in the semiconductor field with
higher integration and smaller product size, these capacitances may have a negative
effect on the device characteristics of the semiconductor transistor. In this regard, the
present application provides a semiconductor structure. As shown in FIG. 2a, the gate
structure includes a conductive layer having an inclined side surface facing toward the
conductive plug. The semiconductor structure provided by the present application can
reduce the parasitic capacitance between the conductive layer of the gate structure and
the conductive plug, such that the capacitances between the gate and the source and drain

regions are reduced, and thus the device characteristics are improved.

[ 00114] To more intuitively understand the present application, a description is made
with reference to FIG. 2b and FIG. 2c. As shown in the figures, FIG. 2b is an enlarged
partial view of an existing semiconductor structure, and FIG. 2c is an enlarged partial
view of a semiconductor structure according to the present application. In the
semiconductor structure as shown in FIG. 2b, the gate structure 14 includes the
conductive layer 16, and the conductive plug 15 is arranged at a location corresponding
to the source region or the drain region. In the semiconductor structure as shown in FIG.
2c, the gate structure 24 includes the conductive layer 26, and the conductive plug 25 is
arranged at a location corresponding to the source region or the drain region. As can be
seen in the semiconductor structure as shown in FIG. 2c¢, the conductive layer 26 has an
inclined side surface, which is a side surface of the conductive layer 26 facing toward the

conductive plug 25.

[ 00115] As can be seen by comparing FIG. 2b with FIG. 2c, in the existing

semiconductor structure, a minimum distance between the conductive layer and the
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conductive plug is denoted by Sm’, and in the semiconductor structure provided by the
present application, a minimum distance between the conductive layer and the
conductive plug is denoted by Sm, wherein Sm is greater than Sm’. Therefore, compared
with the gate structure without the inclined side surface, in the semiconductor structure
provided by the present application, at least one conductive layer of the gate structure has
an inclined side surface facing toward the conductive plug, and thus a distance from a
side surface of the at least one conductive layer to the conductive plug is increased, such
that the parasitic capacitance between the conductive layer and the conductive plug is

reduced.

[ 00116] It is to be noted that only one conductive plug is illustrated in the enlarged
view. However, it is to be understood that in other semiconductor structures, even if a
structural location of the conductive plug is different from that as shown in the figure, the
solutions of the present application can still be applied to the gate structures of these
semiconductor structures, such that the gate structures comprise at least one target
conductive layer, wherein a side surface of the conductive layer facing toward the
conductive plug is the inclined side surface. Therefore, these solutions also belong to the
solutions provided by the embodiments of the present application. In one embodiment,
the semiconductor structure may further include a lightly doped region respectively
arranged on two sides of the gate structure. A short channel effect can be reduced by

providing the lightly doped region on two sides of the gate.

[ 00117] In the semiconductor structure provided by this embodiment, the gate structure
includes at least one conductive layer having an inclined side surface facing toward the
conductive plug. Compared with a traditional gate structure, the distance between the at
least one conductive layer of the gate structure and the conductive plug in the present
application is increased, thereby reducing the parasitic capacitance between the gate
structure and the conductive plug, such that the capacitances between the gate and the

source/drain region are reduced, and thus the device characteristics are improved.

[ 00118] Each part (the conductive plug and a side isolation structure) of the
semiconductor structure will be illustrated below with reference to FIG. 3a and FIG. 3b

respectively. It is to be appreciated that the following embodiments in FIG. 3a and FIG.
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3b may be implemented in conjunction with each other, or may also be implemented in
conjunction with any other embodiment of the present application, for example, applied
to any semiconductor structure such as the semiconductor structure 20, the

semiconductor structures 40, and the semiconductor structure 50.

[ 00119] FIG. 3a is a schematic cross-sectional view of another semiconductor structure
according to Embodiment I of the present application. In this embodiment, the structure
of the conductive plug is illustrated. As shown in FIG. 3a, on the basis of any other
embodiment (illustrated in conjunction with the structure as shown in FIG. 2a), the

semiconductor structure further includes:

[ 00120] a second dielectric layer 31 arranged on the substrate 22 and the gate structure
24; and
[00121] a contact hole 32 penetrating through the second dielectric layer 31 and

contacting with the corresponding source region 211 and the drain region 212, wherein a
bottom of the contact hole 32 is a shallow trench structure, and the shallow trench

structure is positioned in the corresponding source region 211 and the drain region 212.

[ 00122] The conductive plug 25 comprises a metal plug 251 filled in the contact hole
32 and a barrier layer 252 positioned between the metal plug 251 and an inner wall of the

contact hole 32.

[ 00123] In some embodiments, the conductive plug in this embodiment penetrates
through the dielectric layer and is arranged at the location corresponding to the source
region and the drain region. An inner and outer multi-layer structure is adopted for the
conductive plug. That is, the conductive plug comprises a metal plug positioned in the
contact hole and a barrier layer attached between a surface of the metal plug and the
inner wall of the contact hole. The barrier layer is configured to prevent the metal plug
inside from spreading to the substrate and thus resulting in pollution of the substrate, to
ensure the characteristics of the transistor. It is to be noted that the figure is only an
example, this embodiment is focused on description of the structure of the conductive
plug, and the conductive plug provided in this embodiment may be applied to any other

embodiment with reference.
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[ 00124] In some embodiments, a metal silicide 253 is filled between the conductive
plug 25 and the inner wall of the shallow trench structure. The metal silicide 253
includes, but is not limited to, cobalt silicide (CoSi). By forming the metal silicide on the
inner wall of the shallow trench structure, a contact resistance between the conductive
plug and the source/drain region can be reduced, and the characteristics of the transistor

can be optimized.

[ 00125] In one embodiment, the semiconductor structure may further include a lightly
doped region respectively arranged on two sides of the gate structure. A short channel

effect can be reduced by providing the lightly doped region on two sides of the gate.

[ 00126] An inner and outer multi-layer structure is adopted for the conductive plug
provided by this embodiment, which can prevent metal diffusion and thus ensuring the

device characteristics of the transistor.

[ 00127] FIG. 3b is a schematic cross-sectional view of another semiconductor structure
according to Embodiment I of the present application. In this embodiment, a side
isolation structure is illustrated. As shown in FIG. 3b, on the basis of any other
embodiment (illustrated in conjunction with the semiconductor structure 20 as shown in

FIG. 3b), the semiconductor structure further includes:

[ 00128] a side isolation structure 33 affixed to two sides of the gate structure 24 facing

toward the source region 211 and the drain region 212.

[ 00129] In some embodiments, a multi-layer structure may be adopted for the side
1solation structure. In one embodiment, the side isolation structure 33 includes a first
isolation sidewall 331 and a second isolation sidewall 332. The first isolation sidewall
331 is affixed to the side surface of the gate structure 24, the second isolation sidewall
332 is positioned at a periphery of the first isolation sidewall 331, and a top of the second
isolation sidewall 332 extends to a top of the first isolation sidewall 331 to form an
enclosed space filled with a spacer medium 333. The spacer medium 333 includes, but is
not limited to, silicon oxide, air, and the like. A material of the first isolation sidewall and

a material of the second isolation sidewall may comprise silicon nitride.

[ 00130] Each part of the side isolation structure may be positioned on the gate oxide
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layer or the substrate. As an example, the first isolation sidewall is positioned on the
substrate, and the spacer medium and the second isolation sidewall are positioned on the
substrate (as the example in FIG. 3b). As another example, the first isolation sidewall and
the spacer medium are positioned on the gate oxide layer, and the second isolation
sidewall is positioned on the substrate. As yet another example, the first isolation
sidewall, the spacer medium, and the second isolation sidewall are all positioned on the

gate oxide layer.

[ 00131] A multi-layer structure may be adopted for the side isolation structure, which
may give consideration to a support effect and a stress. In some embodiments, the first
isolation sidewall and the second isolation sidewall may be made from materials such as
silicon nitride with higher hardness, higher compactness and higher dielectric constant, to
exert a good support effect and exert an effective isolation and insulation effect.
Furthermore, in consideration of good stress, a material such as silicon oxide having
good stress characteristic is filled between the first isolation sidewall and the second
isolation sidewall of the side isolation structure provided by this embodiment. In one
embodiment, air is filled between the first isolation sidewall and the second isolation
sidewall to exert better isolation and insulation effects, and to reduce stress effects.
Filling air between the first isolation sidewall and the second isolation sidewall can also
reduce an equivalent dielectric constant between the gate structure 24 and the conductive

plug 25, such that the parasitic capacitance therebetween is further reduced.

[ 00132] In one embodiment, the semiconductor structure may further include a lightly
doped region 34 respectively arranged on two sides of the gate structure. A short channel
effect can be reduced by providing the lightly doped region on two sides of the gate. In
some embodiments, a region of the lightly doped region 34 may be determined according
to device design. For example, the lightly doped region 34 is positioned below the first
isolation sidewall (as the example in FIG. 3b), or below the first isolation sidewall and
the spacer medium, or below the first isolation sidewall, the spacer medium, and the

second isolation sidewall.

[ 00133] In this embodiment, the side isolation structure is respectively arranged on two

sides of the gate structure to prevent occurrence of short circuit between the gate and
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other components, thereby ensuring good characteristics of the transistor.

[ 00134] Different embodiments of the gate structure are described below with reference
to Embodiment II. Likewise, Embodiment II may be implemented in various
combinations with any other embodiment of the present application, for example,
implemented in combination with embodiments corresponding to an inclined side

surface, the conductive plug, and the side isolation structure.
[ 00135] Embodiment II

[ 00136] FIG. 4 is a schematic cross-sectional view of a semiconductor structure
according to Embodiment II of the present application. The gate structure in this
embodiment includes a conductive layer and a plurality of metal layers. As shown in

FIG. 4, the semiconductor structure 40 includes:

[ 00137] a source region 411 and a drain region 412 arranged at intervals on a substrate
42;

[ 00138] a gate oxide layer 43 arranged between the source region 411 and the drain
region 412;

[ 00139] a gate structure 44 arranged on the gate oxide layer 43; and

[ 00140] a conductive plug 45 arranged at a corresponding location of the source region

411 and a corresponding location of the drain region 412.

[ 00141] The gate structure 44 includes a first conductive layer 441 and a second
conductive layer 442. The first conductive layer 441 is arranged on the gate oxide layer
43, and the second conductive layer 442 is arranged on the first conductive layer 441.The
second conductive layer 442 includes a plurality of metal layers (it is taken as an example
where two metal layers are included in the figure) stacked, and at least one of the metal
layers 46 has an inclined side surface facing toward the conductive plug 45. The metal
layer here may comprise a metal such as tungsten, or may comprise a metal compound
such as titanium nitride. It is to be noted that the reference numerals in FIG. 4 other than

those corresponding to the above reference numerals refer to the structures shown in the
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related drawings in other embodiments, which are shown in conjunction with FIG. 4 as

an embodiment of the present application.

[00142] The substrate 42 may be a semiconductor substrate, such as monocrystalline
silicon or polysilicon, or amorphous structure such as silicon or silicon germanium
(SiGe), or may be a hybrid semiconductor structure, such as silicon carbide, indium
antimonide, lead telluride, indium arsenide, indium phosphide, gallium arsenide or
gallium antimonide, an alloy semiconductor, or a combination thereof. However, in this
embodiment, types of the substrate 42 are not limited thereto. The gate structure includes
a first conductive layer arranged on the gate oxide layer and a second conductive layer
arranged on the first conductive layer. The second conductive layer includes a plurality of
metal layers, and the "conductive layer having an inclined side surface" in this

embodiment is one or more of the plurality of metal layers.

[ 00143] In practical applications, a threshold voltage of the transistor is mainly
determined by a difference between a work function of the gate and a work function of
the gate oxide layer. Therefore, in this embodiment, no inclined side surface is provided
for the first conductive layer directly in contact with the gate oxide layer, to ensure work
function match and to reduce a contact resistance. It is to be noted that even though no
inclined side surface is provided in this embodiment, the present application does not
exclude a solution where the inclined side surface is formed on the side surface of the
first conductive layer. In this solution, a size of an upper edge of the first conductive
layer is smaller than a size of a lower edge thereof, to optimize the contact resistance, and
the capacitances can also be reduced. In addition, to optimize the characteristics of the
transistor, in one embodiment, the first conductive layer 441 includes a polysilicon layer.
In some embodiments, polysilicon can change its work function by doping impurities
with different polarities, to adjust the threshold voltage of the transistor. In another
embodiment, the second conductive layer 442 includes a plurality of metal layers, which
include, but are not limited to, a titanium nitride layer and a tungsten layer. In one
example, the second conductive layer includes a titanium nitride layer arranged on the
polysilicon layer, and a tungsten layer arranged on the titanium nitride layer, wherein the
tungsten layer has an inclined side surface facing toward the conductive plug. It is to be

noted that the above embodiments can also be implemented in combination with each
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other.

[ 00144] Similarly, compared with the gate structure without the inclined side surface, at
least one metal layer in the second conductive layer provided by this embodiment has
such an inclined side surface, and thus the distance from the at least one metal layer to
the conductive plug is increased, such that the parasitic capacitance between the metal
layer and the conductive plug is reduced. In this way, the parasitic capacitance between
the whole gate structure and the source region or the drain region connected to the

conductive plug is reduced.

[ 00145] In the semiconductor structure provided by this embodiment, the second
conductive layer of the gate structure includes a plurality of metal layers, at least one
metal layer having an inclined side surface facing toward the conductive plug is present
in the plurality of metal layers. Compared with the gate structure without the inclined
side surface, the distance from the metal layer having the inclined side surface to the
conductive plug is increased, such that the parasitic capacitance between the gate
structure and the conductive plug is reduced. In this way, the capacitances between the
gate and the source/drain region are reduced, and thus the device characteristics are

improved.

[ 00146] FIG. 5 is a schematic cross-sectional view of another semiconductor structure
according to Embodiment II of the present application. The gate structure in this
embodiment includes a dielectric layer and a metal layer. As shown in FIG. 5, the

semiconductor structure 50 includes:

[ 00147] a source region 511 and a drain region 512 arranged at intervals on a substrate
52;

[ 00148] a gate oxide layer 53 arranged between the source region 511 and the drain
region 512;

[ 00149] a gate structure 54 arranged on the gate oxide layer 53; and

[ 00150] a conductive plug 55 arranged at a corresponding location of the source region

511 and a corresponding location of the drain region 512.
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[ 00151] The gate structure 54 includes a first dielectric layer 541 and a third conductive
layer. The first dielectric layer 541 is arranged on the gate oxide layer 53, and the third
conductive layer is arranged on the first dielectric layer 541. The third conductive layer is

a metal layer 56 having an inclined side surface facing toward the conductive plug 55.

[ 00152] The substrate 52 may be a semiconductor substrate, such as monocrystalline
silicon or polysilicon, or amorphous structure such as silicon or silicon germanium
(SiGe), or may be a hybrid semiconductor structure, such as silicon carbide, indium
antimonide, lead telluride, indium arsenide, indium phosphide, gallium arsenide or
gallium antimonide, an alloy semiconductor, or a combination thereof. However, in this
embodiment, types of the substrate are not limited thereto. The gate structure 54 includes
a first dielectric layer arranged on the gate oxide layer, and a third conductive layer
arranged on the first dielectric layer. The third conductive layer is a metal layer such as a
single metal layer or multiple metal layers. The single metal layer is taken as an example

to illustrate the “conductive layer having an inclined side surface” in this embodiment.

[ 00153] In one embodiment, the first dielectric layer 541 includes a high dielectric
constant material such as hafnium oxide, zirconium oxide, and the like. The first
dielectric layer and the gate oxide layer together constitute a gate dielectric layer to
reduce tunneling effects. In another embodiment, the third conductive layer arranged on
the first dielectric layer 541 includes a tungsten layer having an inclined side surface
facing toward the conductive plug. The third conductive layer may also be a metal such
as copper, aluminum, and titanium, etc. It is to be noted that the two embodiments may

be implemented in combination with each other.

[ 00154] Similarly, compared with the gate structure without the inclined side surface, at
least one metal layer in the third conductive layer provided by this embodiment has such
an inclined side surface, and thus the distance from the at least one metal layer to the
conductive plug is increased, such that the parasitic capacitance between the metal layer
and the conductive plug is reduced. In this way, the parasitic capacitance between the
whole gate structure and the source region or the drain region connected to the

conductive plug is reduced.

[ 00155] In the semiconductor structure provided by this embodiment, the gate structure
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includes a first dielectric layer and a third conductive layer, wherein the third conductive
layer includes a metal layer having an inclined side surface facing toward the conductive
plug. Compared with the gate structure without the inclined side surface, the distance
from the metal layer having the inclined side surface to the conductive plug in this
embodiment is increased, such that the parasitic capacitance between the gate structure
and the conductive plug is reduced. In this way, the capacitances between the gate and

the source/drain region are reduced, and thus the device characteristics are improved.

[ 00156] Different embodiments of the inclined side surface are described below with
reference to Embodiment III. It is to be noted that the following embodiment of the
inclined side surface may be applied to the conductive layer of the gate structure of any

other embodiment.

[ 00157] Embodiment III

[ 00158] FIG. 6a and FIG. 6b are schematic structural diagrams of an inclined side
surface according to Embodiment III of the present application, and the inclined side
surface is illustrated in conjunction with a part of the structure in FIG. 4. As shown in the

figures, on the basis of any other embodiment:

[ 00159] a first distance St from an upper edge of the inclined side surface to the
conductive plug is greater than a second distance Sb from a lower edge of the inclined

side surface to the conductive plug.

[ 00160] It is to be noted that the figures also show other structures positioned near the
inclined side surface, such as the substrate, the gate oxide layer and the gate structure,
which are all examples and do not limit the scope of this embodiment. In some
embodiments, this embodiment focuses on description of the structure of the inclined
side surface, and the inclined side surface provided by this embodiment may be

implemented in conjunction with any other embodiment.

[ 00161] As an example, a surface of a middle location of the inclined side surface is
approximately planar, as shown in FIG. 6a. As another example, the surface of the middle

location of the inclined side surface is approximately stair-stepping, as shown in FIG. 6b.
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[ 00162] FIG. 6¢ and FIG. 6d are schematic structural diagrams of another inclined side
surface according to Embodiment III of the present application, and the inclined side
surface is illustrated in conjunction with a part of the structure in FIG. 4. As shown in the

figures, on the basis of any other embodiment:

[ 00163] the first distance St from the upper edge of the inclined side surface to the
conductive plug is less than the second distance Sb from the lower edge of the inclined

side surface to the conductive plug.

[ 00164] As an example, the surface of the middle location of the inclined side surface
is approximately planar, as shown in FIG. 6¢c. As another example, the surface of the
middle location of the inclined side surface is approximately stair-stepping, as shown in

FIG. 6d.

[ 00165] In this embodiment, the size of the lower edge of the conductive layer with the
inclined side surface is smaller than the size of the upper edge thereof. In some
embodiments, a size of an upper edge of a lower adjacent layer of the conductive layer
may be approximately the same as the size of the upper edge of the conductive layer (as
shown in FIG. 6¢), or may be approximately the same as the size of the lower edge of the
conductive layer (as shown in FIG. 6d). In some embodiments, the above structures may
be implemented by means of related processes to reduce the capacitances between the
gate and the conductive plug. It is to be noted that the drawings only show structures in
combination with the above examples and embodiments. In fact, these examples and
embodiments may be implemented separately or may be implemented in different
combinations. For example, the surface of the middle location of the inclined side surface
is approximately planar, and the size of the upper edge of the adjacent layer is
approximately the same as the size of the lower edge of the conductive layer, etc. In some
embodiments, similarly, the size of the lower edge the upper adjacent layer of the
conductive layer may be approximately the same as the size of the upper edge of the
conductive layer, or may be approximately the same as the size of the lower edge of the

conductive layer.

[ 00166] The inclined side surface provided by this embodiment may be applied to the

foregoing structures, such that at least one conductive layer in the gate structure has the
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inclined side surface facing toward the conductive plug. Compared with the gate
structure without the inclined side surface, the distance between the conductive layer
having the inclined side surface and the conductive plug is increased, such that the
parasitic capacitance between the gate structure and the conductive plug is reduced. In
this way, the capacitances between the gate and the source/drain region are reduced, and

thus the device characteristics are improved.
[ 00167] Embodiment IV

[ 00168] This embodiment provides an example for combining several embodiments
among the above embodiments. FIG. 7 is a schematic structural diagram of a
semiconductor structure according to Embodiment IV of the present application, the
semiconductor structure is based on combination of the embodiments as shown in FIG.
3a and FIG. 3b, Embodiment II and Embodiment III. As shown in FIG. 7, the

semiconductor structure includes:

[ 00169] a source region 711 and a drain region 712 arranged at intervals on the
substrate 72, a gate oxide layer 73 arranged between the source region 711 and the drain
region 712, a gate structure 74 arranged on the gate oxide layer 73, and a conductive plug
75 arranged at a corresponding location of the source region 711 and a corresponding

location of the drain region 712.

[ 00170] The gate structure 74 includes a first conductive layer 741 and a second
conductive layer 742, wherein the first conductive layer 741 is arranged on the gate oxide
layer 73, and the second conductive layer 742 is arranged on the first conductive layer
741. The second conductive layer 742 includes a plurality of metal layers stacked, and at
least one metal layer 76 has an inclined side surface facing toward the conductive plug
75. The first distance from the upper edge of the inclined side surface to the conductive
plug 75 is less than the second distance from the lower edge of the inclined side surface
to the conductive plug 75, and the surface of the middle location of the inclined side

surface is approximately planar.

[ 00171] The semiconductor structure also includes: a second dielectric layer 31

arranged on the substrate 72 and the gate structure 74, and a contact hole 32 penetrating
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through the second dielectric layer 71 and contacting with the corresponding source
region 711 and the drain region 712, wherein a bottom of the contact hole 32 is a shallow
trench structure, and the shallow trench structure is positioned in the corresponding

source region 711 and the drain region 712.

[ 00172] The conductive plug 75 includes a metal plug 751 filled in the contact hole 32,
and a barrier layer 752 positioned between the metal plug 751 and an inner wall of the
contact hole 32. A metal silicide 753 is filled between the conductive plug 75 and the

inner wall of the shallow trench structure.

[ 00173] The gate structure 74 further comprises a side isolation structure 33 affixed to
two side surfaces of the gate structure 74 facing toward the source region 211 and the
drain region 212. The side isolation structure 33 comprises a first isolation sidewall 331
and a second isolation sidewall 332, wherein the first isolation sidewall 331 is affixed to
the side surface of the gate structure 74, and the second isolation sidewall 332 is
positioned at a periphery of the first isolation sidewall 331. A top of the second isolation
sidewall 332 extends to a top of the first isolation sidewall 331 to form an enclosed space

filled with a spacer medium 333, which may be air.

[ 00174] The semiconductor structure also includes a lightly doped region 34

respectively positioned on two sides of the gate structure 74.

[ 00175] Descriptions and effects of the above parts and structures have been described
in detail in the foregoing embodiments, so reference may be made to the related contents

of the foregoing embodiments, and thus theses descriptions and effects are omitted here.

[ 00176] The foregoing Embodiments I to IV are exemplary descriptions of the
semiconductor structure provided in the present application, and a method for fabricating
a semiconductor structure will be illustrated below with reference to Embodiments V to

VIL
[ 00177] Embodiment V

[ 00178] FIG. 8a is a schematic flow diagram of a method for fabricating a

semiconductor structure according to Embodiment V of the present application. The
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semiconductor structure is configured to reduce a parasitic capacitance between a gate
and a conductive plug of a semiconductor transistor. As shown in FIG. 8a, the fabrication

method comprises:

[ 00179] Step 101: forming a gate oxide layer;
[ 00180] Step 102: forming a gate structure on the gate oxide layer;
[ 00181] Step 103: forming a source region and a drain region on two sides of the gate

structure; and

[ 00182] Step 104: forming a conductive plug at a corresponding location of the source
region and a corresponding location of the drain region respectively, wherein the gate
structure includes a conductive layer having an inclined side surface facing toward the

conductive plug.

[ 00183] In some embodiments, Step 102 includes: forming a gate structure on the gate
oxide layer, wherein a top layer of the gate structure is a protection layer. That is, the gate

structure may also include a top layer serving as the protection layer.

[ 00184] In one example, the gate structure includes a first conductive layer and a
second conductive layer, and the second conductive layer includes a plurality of metal
layers, wherein at least one of the plurality of metal layers has the inclined side surface.
As one embodiment, the gate structure may be obtained by means of the following
fabrication method. Correspondingly, as shown in FIG. 8b, Step 102 may include

following steps:
[ 00185] Step 201: forming a first conductive layer on the gate oxide layer;

[ 00186] Step 202: forming a second conductive layer on the first conductive layer,

wherein the second conductive layer comprises a plurality of metal layers stacked;

[ 00187] repeatedly performing the following Step 203 until the first conductive layer is
exposed:
[ 00188] Step 203: if a current layer exposed in a first region is a predetermined metal
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layer, etching the predetermined metal layer in the first region and adjusting an etching
direction and an etching rate until a next metal layer is exposed, such that the
predetermined metal layer has an inclined side surface facing toward the source region
and the drain region; and if the current layer exposed in the first region is not the
predetermined metal layer, etching down the current layer in the first region or a region
not covered by an upper layer until a next metal layer is exposed, wherein the first region

is a region other than a region between the source region and the drain region; and

[ 00189] Step 204: etching down the first conductive layer in the first region or the
region not covered by the upper layer until the gate oxide layer is exposed to form the

gate structure.

[ 00190] In some embodiments, after Step 101 is performed, a schematic structural
diagram of the semiconductor structure is as shown in FIG. 9a, where the substrate is
represented by Numeral 92, and the gate oxide layer is represented by Numeral 93. After
Step 201 and Step 202 are performed, a schematic structural diagram of the
semiconductor structure is as shown in FIG. 9b, where the first conductive layer is
represented by Numeral 941, and the second conductive layer is represented by Numeral
942. After Step 203 is performed, a schematic structural diagram of the semiconductor
structure is as shown in FIG. 9¢, where the predetermined metal layer is represented by
Numeral 96. After Step 204 is performed, a schematic structural diagram of the
semiconductor structure is as shown in FIG. 9d, where the gate structure is represented
by Numeral 94. In some embodiments, Step 103 may include: etching the currently
uncovered gate oxide until the substrate is exposed. Accordingly, a schematic structural
diagram of the semiconductor structure obtained after this step is performed is as shown
in FIG. 9e. After the gate oxide layer is etched, the source region and the drain region
positioned on two sides of the gate structure are formed. Accordingly, after this step is
performed, a schematic structural diagram of the semiconductor structure is as shown in
FIG. 9f, where the source region and the drain region are represented by Numeral 911
and Numeral 912, respectively. The protection layer is represented by Numeral 945 in the
figures, and the protection layer may be formed after the gate oxide layer is etched.
Accordingly, after Step 104 is performed, a schematic structural diagram of the

semiconductor structure is as shown in FIG. 9g, where the conductive plug is represented
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by Numeral 95, and the second dielectric layer is represented by Numeral 31.

[ 00191] In another example, the gate structure includes a first dielectric layer and a
third conductive layer, wherein the third conductive layer includes a metal layer having
the inclined side surface. As one embodiment, the gate structure may be obtained by
means of the following fabrication method. Correspondingly, as shown in FIG. 8c, Step

102 may include following steps:
[ 00192] Step 301: forming a first dielectric layer on the gate oxide layer;

[ 00193] Step 302: forming a third conductive layer on the first dielectric layer, the third

conductive layer being a metal layer;

[ 00194] Step 303: etching the third conductive layer in the first region and adjusting an
etching direction and an etching rate until the first dielectric layer is exposed, such that
the third conductive layer has an inclined side surface facing toward the source region
and the drain region, wherein the first region is a region other than a region between the

source region and the drain region; and

[ 00195] Step 304: etching down the first dielectric layer exposed in the first region or
not covered by the third conductive layer until the gate oxide layer is exposed to form the

gate structure.

[ 00196] In some embodiments, after Step 101 is performed, a schematic structural
diagram of the semiconductor structure is as shown in FIG. 9a, where the substrate is
represented by Numeral 92, and the gate oxide layer is represented by Numeral 93. After
Step 301 and Step 302 are performed, a schematic structural diagram of the
semiconductor structure is as shown in FIG. 10a, where the first dielectric layer is
represented by Numeral 1041, and the third conductive layer is represented by Numeral
1042. A schematic structural diagram of the semiconductor structure obtained after Step
303 is performed is as shown in FIG. 10b, where the third conductive layer is a metal
layer represented by Numeral 96. A schematic structural diagram of the semiconductor
structure obtained after Step 304 is performed is as shown in FIG. 10c, where the gate
structure is represented by Numeral 1004. Similarly, in one example, Step 103 may

include: etching the currently uncovered gate oxide until the substrate is exposed.
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Accordingly, a schematic structural diagram of the semiconductor structure obtained after
this step is performed is as shown in FIG. 10d. After the gate oxide layer is etched, the
source region and the drain region positioned on two sides of the gate structure are
formed. Accordingly, a schematic structural diagram of the semiconductor structure
obtained after this step is performed is as shown in FIG. 10e, where the source region and
the drain region are represented by Numeral 911 and Numeral 912, respectively. The
protection layer is represented by Numeral 945 in the figures, and the protection layer
may be formed after the gate oxide layer is etched. Accordingly, a schematic structural
diagram of the semiconductor structure obtained after Step 104 is performed is as shown
in FIG. 10f, where the conductive plug is represented by Numeral 95, and the second

dielectric layer is represented by Numeral 31.

[ 00197] In the semiconductor structure provided by this embodiment, the gate structure
includes at least one conductive layer having an inclined side surface facing toward the
conductive plug. Compared with a traditional gate structure, the distance between the at
least one conductive layer of the gate structure and the conductive plug is increased in
this embodiment, thereby reducing the parasitic capacitance between the gate structure
and the conductive plug, such that the capacitances between the gate and the source/drain

region is reduced, and the device characteristics are improved.
[ 00198] Embodiment VI

[ 00199] FIG. 11 is a schematic flow diagram of a method for fabricating a
semiconductor structure according to Embodiment VI of the present application. This
method is used for fabricating the conductive plug of the semiconductor structure. As

shown in FIG. 11, based on Embodiment V, Step 104 includes:

[ 00200] Step 1101: forming a second dielectric layer on the substrate and the gate
structure;
[ 00201] Step 1102: forming a patterned etch protection layer on the second dielectric

layer, the etch protection layer covering a surface of a dielectric layer except a partial
region corresponding to the source region and a partial region corresponding to the drain

region;
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[ 00202] Step 1103: etching down from an exposed surface of the second dielectric layer
until a surface of the source region and a surface of the drain region are exposed, and
over-etching the surface of the source region and the surface of the drain region to form a
contact hole with a shallow trench structure at a bottom thereof, the shallow trench

structure being positioned in the corresponding source region and the drain region; and

[ 00203] Step 1104: forming a barrier layer on an inner wall of the contact hole, and

filling a metal in the contact hole covered with the barrier layer to form the conductive

plug.

[ 00204] In some embodiments, before Step 1104, the method may also include:
forming a metal silicide on an inner wall of the shallow trench structure at the bottom of
the contact hole. In this embodiment, the metal silicide positioned between the

conductive plug and the inner wall of the shallow trench structure may be formed.

[ 00205] An inner and outer multi-layer structure is adopted for the conductive plug
provided by this embodiment, which can prevent metal diffusion and thus ensuring the
device characteristics of the transistor. Furthermore, by forming the metal silicide on the
inner wall of the shallow trench structure, a contact resistance between the conductive
plug and the source/drain region can be reduced, and the characteristics of the transistor

can be optimized.
[ 00206] Embodiment VII

[ 00207] FIG. 12 is a schematic flow diagram of a method for fabricating a
semiconductor structure according to Embodiment VII of the present application. This
method is used for fabricating a side isolation structure of the semiconductor structure.
As shown in FIG. 12, based on Embodiment V or Embodiment VI, after Step 102, the

method further includes:

[ 00208] Step 1201: forming a side isolation structure on two side surfaces of the gate

structure facing toward the source region and the drain region.

[ 00209] In some embodiments, Step 1201 includes: forming a first isolation sidewall on

the side surface of the gate structure facing toward the source region and the drain region;
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covering an outer wall of the first isolation sidewall with a spacer medium; forming a
second isolation sidewall on an outer wall of the spacer medium, wherein a top of the
second isolation sidewall extends to a top of the first isolation sidewall to form an
enclosed space surrounding the spacer medium. The spacer medium may include, but is

not limited to, silicon oxide.

[ 00210] Each part of the side isolation structure may be positioned on the gate oxide
layer or the substrate to implement isolation. As another example, the first isolation
sidewall is positioned on the gate oxide layer, and the spacer medium and the second
isolation sidewall are positioned on the substrate. In corresponding process
implementation, the first isolation sidewall may be formed before the gate oxide layer is
etched, then the gate oxide layer is etched, and finally the second isolation sidewall is
formed. As another example, the first isolation sidewall and the spacer medium are
positioned on the gate oxide layer, and the second isolation sidewall is positioned on the
substrate. In the corresponding process, the first isolation sidewall and the spacer
medium may be formed before the gate oxide layer is etched, then the gate oxide layer is
etched, and finally the second isolation sidewall is formed. As yet another example, the
first isolation sidewall, the spacer medium, and the second isolation sidewall are all
positioned on the gate oxide layer. In the corresponding process, the first isolation
sidewall, the spacer medium and the second isolation sidewall may be formed before the
gate oxide layer is etched, then the gate oxide layer is etched, and finally the second
isolation sidewall is formed. In some embodiments, the step of forming the source and

drain regions may be performed after the gate oxide layer is etched.

[ 00211] In some embodiments, Step 1201 includes: forming a third isolation sidewall
on side surfaces of the gate structure facing toward the source region and the drain
region; covering a third dielectric layer on an outer wall of the third isolation sidewall;
forming a fourth isolation sidewall on an outer wall of the third dielectric layer, wherein a
top of the fourth isolation sidewall extends to a top of the third isolation sidewall to form
an enclosed space surrounding the third dielectric layer; etching the top of the fourth
isolation sidewall until a surface of the third dielectric layer is exposed to form an etching
hole; etching the third dielectric layer through the etching hole until reaching a surface of

the gate oxide layer; and enclosing the etching hole between the top of the fourth
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isolation sidewall and the top of the third isolation sidewall by means of a rapid
deposition process to form an enclosed space filled with air. Similarly, each part of the
side isolation structure in this embodiment may also be positioned on the gate oxide layer
or the substrate, and reference may be made to the description of the previous

embodiment for the related contents, which are not to be repeated here.

[ 00212] In one embodiment, to reduce the short channel effect, the semiconductor
structure may further include a lightly doped region positioned on two sides of the gate
structure. Accordingly, the fabrication method further comprises: forming a lightly doped
region positioned on two sides of the gate structure. In some embodiments, a region of
the lightly doped region may be determined according to device design. For example, the
lightly doped region is positioned below the first isolation sidewall, or below the first
isolation sidewall and the spacer medium, or below the first isolation sidewall, the spacer
medium, and the second isolation sidewall. Accordingly, the step of forming the lightly
doped region may be performed after the first isolation sidewall is formed, or performed
after the first isolation sidewall and the spacer medium are formed, or performed after the
second isolation sidewall is formed. However, this embodiment does not limit an

execution order of technological processes.

[ 00213] As a process example in combination with the aforementioned embodiment of
the protection layer, the step of forming the protection layer may be performed before the
side isolation structure is formed, or in practical applications, if the material of the
protection layer is the same as that of the isolation sidewall structure, the protection layer
may be formed together in the process of forming the side isolation structure, or the
protection layer may be formed after the side isolation structure is formed. This
embodiment does not limit an execution order of technological processes. That is, the
technological processes provided by this embodiment are configured for forming the

semiconductor structure in the previous embodiments.

[ 00214] In this embodiment, the side isolation structure is respectively arranged on two
sides of the gate structure to prevent occurrence of short circuit between the gate and
other components, thereby ensuring good characteristics of the transistor. Consideration

is given to a support effect and good stress characteristics.
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[ 00215] Other embodiments of the present application will be apparent to those skilled
in the art from consideration of the specification and practice of the present application
disclosed here. The present application is intended to cover any variations, uses, or
adaptations of the present application following the general principles thereof and
including such departures from the present application as come within known or
customary practice in the art. It is intended that the specification and embodiments be
considered as exemplary only, with a true scope and spirit of the present application

being indicated by the following claims.

[ 00216] It will be appreciated that the present application is not limited to the exact
construction 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. It is intended that the scope of the present application only be limited by

the appended claims.
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CLAIMS

1. A semiconductor structure, comprising:

a source region and a drain region, the source region and the drain region being

arranged at intervals on a substrate;
a gate oxide layer arranged between the source region and the drain region;
a gate structure arranged on the gate oxide layer; and

a conductive plug arranged at a corresponding position of the source region and a

corresponding position of the drain region;

wherein the gate structure comprises a conductive layer having an inclined side

surface facing toward the conductive plug.

2. The semiconductor structure according to claim 1, wherein the gate structure comprises a

first conductive layer and a second conductive layer; and

the first conductive layer is arranged on the gate oxide layer, the second conductive
layer being arranged on the first conductive layer, the second conductive layer comprising a
plurality of metal layers stacked, at least one of the plurality of metal layers having an

inclined side surface facing toward the conductive plug.

3. The semiconductor structure according to claim 2, wherein the first conductive layer
comprises a polysilicon layer, the second conductive layer comprising a titanium nitride layer
and a tungsten layer stacked from bottom to top, and the tungsten layer having an inclined

side surface facing toward the conductive plug.

4. The semiconductor structure according to claim 1, wherein the gate structure comprises a
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first dielectric layer and a third conductive layer; and

the first dielectric layer is arranged on the gate oxide layer, the third conductive layer
being arranged on the first dielectric layer, the third conductive layer being a metal layer

having an inclined side surface facing toward the conductive plug.

5. The semiconductor structure according to claim 4, wherein the first dielectric layer
comprises a high dielectric constant material, the third conductive layer comprising a tungsten

layer.

6. The semiconductor structure according to claim 1, wherein a first distance from an upper
edge of the inclined side surface to the conductive plug is less than a second distance from a

lower edge of the inclined side surface to the conductive plug.

7. The semiconductor structure according to claim 1, wherein a first distance from an upper
edge of the inclined side surface to the conductive plug is greater than a second distance from

a lower edge of the inclined side surface to the conductive plug.

8. The semiconductor structure according to claim 6 or 7, wherein a surface of a middle
position of the inclined side surface is planar, the middle position of the inclined side surface

being positioned between the upper edge and the lower edge of the inclined side surface.

9. The semiconductor structure according to claim 6 or 7, wherein a surface of a middle
position of the inclined side surface is stair-stepping, the middle position of the inclined side
surface being positioned between the upper edge and the lower edge of the inclined side

surface.
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10. The semiconductor structure according to claim 1, wherein the semiconductor structure

further comprises:
a second dielectric layer arranged on the substrate and the gate structure; and

a contact hole penetrating through the second dielectric layer and contacting with the
corresponding source region and the drain region, a bottom of the contact hole being a
shallow trench structure, and the shallow trench structure being positioned in the

corresponding source region and the drain region;

wherein the conductive plug comprises a metal plug filled in the contact hole and a

barrier layer positioned between the metal plug and an inner wall of the contact hole.

11. The semiconductor structure according to claim 10, wherein a metal silicide is filled

between the conductive plug and an inner wall of the shallow trench structure.

12. The semiconductor structure according to claim 1, wherein the gate structure further

comprises a protection layer arranged on the gate structure.

13. The semiconductor structure according to claim 1 or 12, wherein the gate structure further
comprises a side isolation structure affixed to two side surfaces of the gate structure facing

toward the source region and the drain region.

14. The semiconductor structure according to claim 13, wherein the side isolation structure

comprises a first isolation sidewall and a second isolation sidewall; and

the first isolation sidewall is affixed to a side surface of the gate structure, the second
isolation sidewall being positioned at a periphery of the first isolation sidewall, a top of the
second isolation sidewall extending to a top of the first isolation sidewall to form an enclosed

space filled with a spacer medium.
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15. The semiconductor structure according to claim 14, wherein a material of the first
isolation sidewall and a material of the second isolation sidewall comprise silicon nitride, the

spacer medium comprising silicon oxide or air.

16. A method for fabricating a semiconductor structure, comprising:
forming a gate oxide layer;
forming a gate structure on the gate oxide layer;
forming a source region and a drain region on two sides of the gate structure; and

forming a conductive plug at a corresponding position of the source region and a

corresponding position of the drain region, respectively;

wherein the gate structure comprises a conductive layer having an inclined side

surface facing toward the conductive plug.

17. The method according to claim 16, wherein the forming a gate structure on the gate oxide

layer comprises:
forming a first conductive layer on the gate oxide layer;

forming a second conductive layer on the first conductive layer, the second conductive

layer comprising a plurality of metal layers stacked;

repeatedly performing following steps until the first conductive layer is exposed: if a
current layer exposed in a first region is a predetermined metal layer, etching the
predetermined metal layer in the first region and adjusting an etching direction and an etching
rate until a next metal layer is exposed, such that the predetermined metal layer has an
inclined side surface facing toward the source region and the drain region; and if the current

layer exposed in the first region is not the predetermined metal layer, etching down the current
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layer in the first region or a region not covered by an upper layer until a next metal layer is
exposed, wherein the first region is a region other than a region between the source region and

the drain region; and

etching down the first conductive layer in the first region or the region not covered by

the upper layer until the gate oxide layer is exposed to form the gate structure.

18. The method according to claim 16, wherein the forming a gate structure on the gate oxide

layer comprises:
forming a first dielectric layer on the gate oxide layer;

forming a third conductive layer on the first dielectric layer, the third conductive layer

being a metal layer;

etching the third conductive layer in a first region and adjusting an etching direction
and an etching rate until the first dielectric layer is exposed, such that the third conductive
layer has an inclined side surface facing toward the source region and the drain region,
wherein the first region is a region other than a region between the source region and the drain

region; and

etching down the first dielectric layer exposed in the first region or not covered by the

third conductive layer until the gate oxide layer is exposed to form the gate structure.

19. The method according to claim 16, wherein the forming a conductive plug at a
corresponding position of the source region and a corresponding position of the drain region

comprises:
forming a second dielectric layer on a substrate and the gate structure;

forming a patterned etch protection layer on the second dielectric layer, the etch
protection layer covering a surface of a dielectric layer except a partial region corresponding

to the source region and a partial region corresponding to the drain region;
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etching down from an exposed surface of the second dielectric layer until a surface of
the source region and a surface of the drain region are exposed, and over-etching the surface
of the source region and the surface of the drain region to form a contact hole with a shallow
trench structure at a bottom thereof, the shallow trench structure being positioned in the

corresponding source region and the drain region; and

forming a barrier layer on an inner wall of the contact hole, and filling a metal in the

contact hole covered with the barrier layer to form the conductive plug.

20. The method according to claim 19, wherein before the barrier layer is formed on the inner

wall of the contact hole, the method further comprises:

forming a metal silicide on an inner wall of the shallow trench structure at the bottom

of the contact hole.

21. The method according to claim 16, wherein the forming a gate structure on the gate oxide

layer comprises:

forming a gate structure on the gate oxide layer, wherein a top layer of the gate

structure is a protection layer.

22. The method according to claim 16 or 21, wherein after the gate structure is formed on the

gate oxide layer, the method further comprises:

forming a side isolation structure on two side surfaces of the gate structure facing

toward the source region and the drain region.

23. The method according to claim 22, wherein the forming a side isolation structure on two

side surfaces of the gate structure facing toward the source region and the drain region
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comprises:

forming a first isolation sidewall on the two side surfaces of the gate structure facing

toward the source region and the drain region;
covering a spacer medium on an outer wall of the first isolation sidewall; and

forming a second isolation sidewall on the outer wall of the spacer medium, and a top
of the second isolation sidewall extending to a top of the first isolation sidewall to form an

enclosed space surrounding the spacer medium.

24. The method according to claim 22, wherein the forming a side isolation structure on two
side surfaces of the gate structure facing toward the source region and the drain region

comprises:

forming a third isolation sidewall on two side surfaces of the gate structure facing

toward the source region and the drain region;
covering a third dielectric layer on an outer wall of the third isolation sidewall;

forming a fourth isolation sidewall on an outer wall of the third dielectric layer, and a
top of the fourth isolation sidewall extending to a top of the third isolation sidewall to form an

enclosed space surrounding the third dielectric layer;

etching the top of the fourth isolation sidewall until a surface of the third dielectric

layer is exposed to form an etching hole;

etching the third dielectric layer through the etching hole until reaching a surface of

the gate oxide layer; and

enclosing the etching hole between the top of the fourth isolation sidewall and the top
of the third isolation sidewall by means of a rapid deposition process to form an enclosed

space filled with air.
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