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(57) ABSTRACT

A semiconductor structure and a fabrication method of the
semiconductor structure are provided. The method includes
providing a substrate, forming a first dielectric layer and a
plurality of gate structures, forming source-drain doped
regions, and forming a source-drain plug. The first dielectric
layer covers surfaces of the gate structure, the source-drain
doped region and the source-drain plug. The method also
includes forming a first plug in the first dielectric layer, and
forming a second dielectric layer on the first dielectric layer.
The first plug is in contact with a top surface of one of the
source-drain plug and the gate structure. The second dielec-
tric layer covers the first plug. Further, the method includes
forming a second plug material film in the first and second
dielectric layers. The second plug material film is in contact
with the top surface of one of the source-drain plug and the
gate structure.
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1
SEMICONDUCTOR STRUCTURE AND
FABRICATION METHOD THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims the priority of Chinese patent
application No. 202010929718.4, filed on Sep. 7, 2020, the
entirety of which is incorporated herein by reference.

FIELD OF THE DISCLOSURE

The present disclosure generally relates to the field of
semiconductor manufacturing technology and, more par-
ticularly, relates to a semiconductor structure and a fabrica-
tion method thereof.

BACKGROUND

With the rapid development of semiconductor manufac-
turing technology, higher and higher requirements have been
put on the integration degree and performance of integrated
circuit (IC). To improve integration degree and reduce cost,
critical dimension of an IC element has been reduced, and
circuit density inside the integrated circuit has been
increased. Therefore, an area of a wafer surface for fabri-
cating the required interconnection lines has become insuf-
ficient.

A connection plug inside a transistor structure includes a
connection plug disposed on a surface of the gate structure
for connecting the gate structure to an external circuit, and
a connection plug disposed on a surface of the source-drain
doped region for connection one of the source region and the
drain region to an external circuit. To further meet the
requirements of increasing the integration degree, the con-
nection plug originally formed on the gate structure over the
isolation region may be formed on the gate structure over the
active region, which may further save the area. Moreover,
the connection plug formed by a selective metal growth
process has desired performance. For example, the resistiv-
ity of the connection plug is substantially low, which facili-
tates to improve the conductivity of the transistor.

However, the performance of the semiconductor structure
including the connection plug formed by the conventional
selective metal growth process still needs to be improved.
The disclosed methods and device structures are directed to
solve one or more problems set forth above and other
problems.

BRIEF SUMMARY OF THE DISCLOSURE

One aspect of the present disclosure includes a fabrication
method of a semiconductor structure. The method includes
providing a substrate, forming a first dielectric layer and a
plurality of gate structures over the substrate, forming
source-drain doped regions in the substrate on both sides of
a gate structure of the plurality of gate structures, and
forming a source-drain plug on a top surface of a source-
drain doped region of the source-drain doped regions. The
first dielectric layer covers surfaces of the gate structure, the
source-drain doped region and the source-drain plug. The
method also includes forming a first plug in the first dielec-
tric layer, where the first plug is in contact with one of a top
surface of the source-drain plug and a top surface of the gate
structure. Moreover, the method includes forming a second
dielectric layer on a surface of the first dielectric layer,
where the second dielectric layer covers a surface of the first
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plug. In addition, the method includes forming a second plug
material film in the first dielectric layer and the second
dielectric layer. The second plug material film is in contact
with one of the top surface of the source-drain plug and the
top surface of the gate structure. Further, the method
includes planarizing the second plug material film until the
surface of the first dielectric layer and a top surface of the
first plug are exposed, to form a second plug in the first
dielectric layer. The second plug is in contact with one of the
top surface of the source-drain plug and the top surface of
the gate structure.

Optionally, forming the first plug includes forming a first
opening in the first dielectric layer, where the first opening
exposes one of the top surface of the source-drain plug and
the top surface of the gate structure; forming a first plug
material film in the first opening and on the surface of the
first dielectric layer; and planarizing the first plug material
film until the surface of the first dielectric layer is exposed,
to form the first plug in the first opening.

Optionally, forming the first opening includes forming a
first patterned layer on the surface of the first dielectric layer,
where the first patterned layer exposes a portion of the first
dielectric layer; and using the first patterned layer as a mask,
etching the first dielectric layer until one of the top surface
of the source-drain plug and the top surface of the gate
structure is exposed, to form the first opening.

Optionally, forming the first plug material film includes a
selective metal growth process, a physical vapor deposition
process, a chemical vapor deposition process, or an atomic
layer deposition process.

Optionally, when the first opening exposes the top surface
of the source-drain plug, the first plug material film is
formed by the selective metal growth process. Parameters of
the selective metal growth process include gases including
WEF, and H,, and a temperature in a range of approximately
200° C.-400° C. A flow rate of WF, is in a range of
approximately 20 sccm-150 scem, and a flow rate of H, is in
a range of approximately 5000 sccm-8000 scecm.

Optionally, the first plug is made of a material including
one or more of tungsten, copper, cobalt, titanium nitride,
titanium, tantalum, tantalum nitride, ruthenium, ruthenium
nitride, and aluminum.

Optionally, the second plug material film is made of a
material including one or more of tungsten, copper, cobalt,
titanium nitride, titanium, tantalum, tantalum nitride, ruthe-
nium, ruthenium nitride, and aluminum.

Optionally, the second plug material film is further formed
on a surface of the second dielectric layer. Forming the
second plug material film includes forming a second open-
ing in the first dielectric layer and the second dielectric layer,
where the second opening exposes one of the top surface of
the source-drain plug and the top surface of the gate struc-
ture, and forming the second plug material film in the second
opening and on the surface of the second dielectric layer.

Optionally, forming the second opening includes forming
a second patterned layer on the surface of the second
dielectric layer, where the second patterned layer exposes a
portion of the second dielectric layer; and using the second
patterned layer as a mask, etching the first dielectric layer
and the second dielectric layer until one of the top surface of
the source-drain plug and the top surface of the gate struc-
ture is exposed, to form the second opening.

Optionally, the second plug material film is formed by a
selective metal growth process. Parameters of the selective
metal growth process include gases including WF and H,,
and a temperature in a range of approximately 200° C.-400°
C. A flow rate of WF; is in a range of approximately 20



US 11,908,906 B2

3

sccm-150 scem, and a flow rate of H, is in a range of
approximately 5000 sccm-8000 scem.

Optionally, the first plug is in contact with the top surface
of the gate structure, and the second plug material film is in
contact with the top surface of the source-drain plug.

Optionally, the first plug is in contact with the top surface
of the source-drain plug, and the second plug material film
is in contact with the top surface of the gate structure.

Optionally, the first dielectric layer is made of a dielectric
material including one or more of silicon oxide, silicon
nitride, silicon carbide, silicon oxy-carbide, silicon oxy-
nitride, aluminum oxide, aluminum nitride, silicon carbo-
nitride, and silicon oxy-carbo-nitride.

Optionally, the second dielectric layer is made of a
dielectric material including one or more of silicon oxide,
silicon nitride, silicon carbide, silicon oxy-carbide, silicon
oxy-nitride, aluminum oxide, aluminum nitride, silicon
carbo-nitride, and silicon oxy-carbo-nitride.

Optionally, the source-drain plug includes an isolation
layer and a conductive layer on the isolation layer. The
isolation layer is made of a material including one or more
of titanium silicide, tantalum silicide, and tungsten nitride.
The conductive layer is made of a material including one or
more of tungsten, copper, cobalt, titanium nitride, titanium,
tantalum, tantalum nitride, ruthenium, ruthenium nitride,
and aluminum.

Optionally, the gate structure includes a gate dielectric
layer, a work function layer on the gate dielectric layer, and
a gate electrode layer on the work function layer. The gate
dielectric layer is made of a material including one or more
of silicon oxide, and a high-K dielectric material. The work
function layer is made of a material including one or more
of TiN, TaN, TiAl, TiAIC, TaAIN, TiAIN, TaCN, and AIN.
The gate electrode layer is made of a material including one
or more of tungsten, copper, cobalt, titanium nitride, tita-
nium, tantalum, tantalum nitride, ruthenium, ruthenium
nitride, and aluminum.

Another aspect of the present disclosure includes a semi-
conductor structure. The semiconductor structure includes a
first dielectric layer and a plurality of gate structures dis-
posed over a substrate, source-drain doped regions disposed
in the substrate on both sides of a gate structure of the
plurality of gate structures, and a source-drain plug disposed
on a top surface of a source-drain doped region of the
source-drain doped regions. The first dielectric layer covers
surfaces of the gate structure, the source-drain doped region
and the source-drain plug. The semiconductor structure also
includes a first plug disposed in the first dielectric layer,
where the first plug is in contact with one of a top surface of
the source-drain plug and a top surface of the gate structure.
Further, the semiconductor structure includes a second
dielectric layer disposed on the first dielectric layer, where
the second dielectric layer covers a surface of the first plug.

Optionally, the semiconductor structure further includes a
second plug material film disposed in the first dielectric
layer and the second dielectric layer. The second plug
material film is in contact with one of the top surface of the
source-drain plug and the top surface of the gate structure.

Optionally, the first plug is in contact with the top surface
of the gate structure, and the second plug material film is in
contact with the top surface of the source-drain plug.

Optionally, the first plug is in contact with the top surface
of the source-drain plug, and the second plug material film
is in contact with the top surface of the gate structure.

The disclosed embodiments may have following benefi-
cial effects. In the disclosed embodiments of the present
disclosure, the first plug may be first formed, and then the
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second dielectric layer covering the surface of the first plug
may be formed. Because the second dielectric layer covers
the surface of the first plug, the first plug may be protected
from being affected by subsequent processes. Therefore,
when subsequently forming the second plug material film in
the first dielectric layer and the second dielectric layer,
material may not be deposited on the surface of the first plug,
which may reduce the influence on the second plug material
film, and may facilitate to improve the morphology of the
formed second plug material film, thereby improving the
performance of the formed semiconductor structure.

In addition, the second plug material film may be formed
by a selective metal growth process. Because the selective
metal growth process has a different deposition rate on a
surface of a different material, the material may be directly
deposited on the surface of a metal material to form the
desired second plug material film. The second plug material
film may have desired adhesion, and, thus, an additional film
layer for increasing the adhesion of the second plug material
film may not need to be formed, which may facilitate to
improve the conductivity of the second plug material film,
and may facilitate to improve the performance of the formed
semiconductor structure.

Moreover, the first plug material film may be formed by
a selective metal growth process. Because the selective
metal growth process has a different deposition rate on a
surface of a different material, the material may be directly
deposited on the surface of a metal material to form the
desired first plug material film. The first plug material film
may have desired adhesion, and, thus, an additional film
layer for increasing the adhesion of the first plug material
film may not need to be formed, which may facilitate to
improve the conductivity of the first plug material film, and
may facilitate to improve the performance of the formed
semiconductor structure.

In the disclosed semiconductor structure, because the
second dielectric layer covers the surface of the first plug,
the first plug may be protected from being affected by
subsequent processes. Therefore, when subsequently form-
ing the second plug material film in the first dielectric layer
and the second dielectric layer, material may not be depos-
ited on the surface of the first plug, which may reduce the
influence on the second plug material film, and may facili-
tate to improve the morphology of the formed second plug
material film, thereby improving the performance of the
formed semiconductor structure.

Other aspects of the present disclosure can be understood
by those skilled in the art in light of the description, the
claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-4 illustrate semiconductor structures correspond-
ing to certain stages for forming a semiconductor structure;

FIGS. 5-12 illustrate semiconductor structures corre-
sponding to certain stages for forming an exemplary semi-
conductor structure consistent with various disclosed
embodiments of the present disclosure; and

FIG. 13 illustrates a flowchart of an exemplary method for
forming a semiconductor structure consistent with various
disclosed embodiments of the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments of the disclosure, which are illustrated in the
accompanying drawings. Wherever possible, the same ref-
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erence numbers will be used throughout the drawings to
refer to the same or the alike parts.

FIGS. 1-4 illustrate semiconductor structures correspond-
ing to certain stages for forming a semiconductor structure.
Referring to FIG. 1, a dielectric layer 120 and a plurality of
gate structures 110 are formed over a substrate 100. Source-
drain doped regions 130 are formed in the substrate 100 on
both sides of the gate structure 110, and a source-drain plug
140 is formed on a top surface of the source-drain doped
region 130. The dielectric layer 120 covers the surfaces of
the gate structure 110, the source-drain doped region 130
and the source-drain plug 140.

Referring to FIG. 2, a first opening (not shown in the
Figure) is formed in the dielectric layer 120, and a bottom
of the first opening exposes the top surface of the gate
structure 110. A first plug 150 is formed in the first opening,
and the first plug 150 is in contact with the top surface of the
gate structure 110.

Referring to FIG. 3, a second opening 160 is formed in the
dielectric layer 120, and the second opening 160 exposes the
top surface of the source-drain plug 140.

Referring to FIG. 4, a second plug 170 is formed in the
second opening 160 by a selective metal growth process.

In the above method, because the selective metal growth
process has a different deposition rate on a surface of a
different material, the second plug 170 is directly deposited
on the surface of a metal material, and the second plug 170
has desired adhesion. Therefore, an additional film layer for
increasing the adhesion of the second plug 170 does not need
to be formed, which facilitates to improve the performance
of the formed semiconductor structure.

However, when forming the second plug 170 using a
selective metal growth process, because the top surface of
the first plug 150 is exposed, the material of the second plug
is not only grown on the top surface of the source-drain plug
140 exposed by the second opening 160, but also grown on
the surface of the first plug 150. Furthermore, because the
distance between the gate structure 120 and the source-drain
plug 140 is substantially small, the distance between the first
plug 150 and the second opening 160 is substantially small,
and the material grown on the surface of the first plug 150
may tend to be extended to the second opening 160, which
easily causes the second opening 160 to be closed prema-
turely and causes cavities in the second opening 160. There-
fore, the formed second plug 170 has poor morphology and
tends to open circuit.

The present disclosure provides a semiconductor structure
and a fabrication method thereof. The method may include:
forming a first plug in a first dielectric layer, where the first
plug may be in contact with a top surface of a source-drain
plug or a top surface of a gate structure; forming a second
dielectric on a surface of the first dielectric layer, where the
second dielectric layer may cover a surface of the first plug;
and forming a second plug material film in the first dielectric
layer and the second dielectric layer, where the second plug
material film may be in contact with the top surface of the
source-drain plug or the top surface of the gate structure.
Because the second dielectric layer covers the surface of the
first plug, the first plug may be protected from being affected
by subsequent processes, such that in the process of subse-
quently forming the second plug material film in the first
dielectric layer and the second dielectric layer, material may
not be deposited on the surface of the first plug, thereby
reducing the influence on the second plug material film. FI1G.
13 illustrates a flowchart of a method for forming a semi-
conductor structure consistent with various disclosed
embodiments of the present disclosure, and FIGS. 5-12
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6

illustrate semiconductor structures corresponding to certain
stages of the fabrication method.

As shown in FIG. 13, at the beginning of the fabrication
method, a substrate with certain structures may be provided
(S101). FIG. 5 illustrates a corresponding semiconductor
structure.

Referring to FIG. 5, a substrate 200 may be provided. The
substrate 200 may include a base (not illustrated) and one or
more fins (not illustrated) on the base.

In one embodiment, the base and the fin may be made of
monocrystalline silicon, polysilicon, amorphous silicon, or
silicon germanium. In another embodiment, the base and the
fin may be made of silicon on insulator (SOI), or any other
semiconductor material (e.g., group III-V compounds such
as gallium arsenide, etc.).

In one embodiment, forming the substrate 200 may
include providing an initial substrate, and patterning the
initial substrate to form the base and the one or more fins on
the base. In another embodiment, the substrate may be a
planar base.

Returning to FIG. 13, after providing the substrate, a gate
structure, a source-drain doped region, a source-drain plug,
and a first dielectric layer may be formed over the substrate
(S102). FIG. 6 illustrates a corresponding semiconductor
structure.

Referring to FIG. 6, a first dielectric layer 220 and a
plurality of gate structures 210 may be formed over the
substrate 200. Source-drain doped regions 230 may be
formed in the substrate 200 on both sides of the gate
structure 210, and a source-drain plug 240 may be formed on
a top surface of the source-drain doped region 230. The first
dielectric layer 220 may cover the surfaces of the gate
structure 210, the source-drain doped region 230 and the
source-drain plug 240.

Forming the plurality of gate structures 210, the first
dielectric layer 220, and the source-drain doped regions 230
may include: forming a plurality of dummy gate structures
(not shown in the Figure) over the substrate 200; forming the
source-drain doped regions 230 in the substrate 200 on both
sides of each dummy gate structure; forming a first dielectric
portion (not shown in the Figure) over the substrate 200,
where the first dielectric portion may cover the sidewall
surface of the dummy gate structure; removing the dummy
gate structure to from a gate opening in the first dielectric
portion; forming a gate structure 210 in the gate opening;
and forming a second dielectric portion on the surface of the
first dielectric portion, where a top surface of the second
dielectric portion may be above the top surface of the gate
structure 210, and the first dielectric portion and the second
dielectric portion may form the first dielectric layer 220.

The first dielectric layer 220 may be made of a dielectric
material, and the dielectric material may include one or more
of silicon oxide, silicon nitride, silicon carbide, silicon
oxy-carbide, silicon oxy-nitride, aluminum oxide, aluminum
nitride, silicon carbo-nitride, and silicon oxy-carbo-nitride.

Forming the source-drain plug 240 may include: forming
a third patterned layer (not shown in the Figure) on the
surface of the first dielectric layer 220, where the third
patterned layer may expose the surface of the first dielectric
layer 220 over the source-drain doped region 230; and using
the third patterned layer as a mask, etching the first dielectric
layer 220 until the top surface of the source-drain doped
region 230 is exposed, to form a source-drain opening (not
shown in the Figure) in the dielectric layer 220; and forming
the source-drain plug 240 in the source-drain opening.

The source-drain plug 240 may include an isolation layer
(not labelled in the Figure) and a conductive layer (not
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labelled in the Figure) on the isolation layer. In one embodi-
ment, the isolation layer may be disposed on the bottom and
the sidewall surface of the source-drain opening. The iso-
lation layer may be made of a material including titanium
silicide, tantalum silicide, or tungsten nitride.

On the one hand, the isolation layer may increase the
adhesion of the conductive layer, thereby improving the
performance of the source-drain plug 240. On the other
hand, the isolation layer may block the atoms or ions in the
conductive layer from diffusing into the first dielectric layer
220 and may avoid electrical leakage, thereby improving the
performance of the semiconductor structure.

The conductive layer may be made of a material including
one or more of tungsten, copper, cobalt, titanium nitride,
titanium, tantalum, tantalum nitride, ruthenium, ruthenium
nitride, and aluminum.

The gate structure 210 may include a gate dielectric layer
(not labelled in the Figure), a work function layer (not
labelled in the Figure) on the surface of the gate dielectric
layer, and a gate electrode layer (not labelled in the Figure)
on the surface of the work function layer.

The gate diclectric layer may be made of a material
including silicon oxide, or a high-K dielectric material. The
work function layer may be made of a material including one
or more of TiN, TaN, TiAl, TiAIC, TaAIN, TiAIN, TaCN,
and AIN. The gate electrode layer may be made of a material
including one or more of tungsten, copper, cobalt, titanium
nitride, titanium, tantalum, tantalum nitride, ruthenium,
ruthenium nitride, and aluminum.

The high-K dielectric material may refer to a material
with a dielectric constant greater than 3.9. In one embodi-
ment, the gate dielectric layer may be disposed on the
bottom and sidewall surface of the gate opening.

Because the gate structure 210 includes the gate dielectric
layer, the work function layer, and the gate electrode layer,
and the source-drain plug 240 includes the isolation layer
and the conductive layer, the material composition of the
gate structure 210 may be substantially complex, and the
material composition of the source-drain plug 240 may be
substantially simple. If a selective metal growth process is
used, the film layers formed over the top surface of the gate
structure 210 and over the top surface of the source-drain
plug 240 may be significantly different.

In one embodiment, a first protection layer (not shown in
the Figure) may be formed on the top surface of the
source-drain plug 240, which may prevent over-etching
when subsequently forming the electrical connection struc-
ture on the top of the source-drain plug 240, and may avoid
short circuits between the source-drain plug 240 and the gate
structure 210 and between the source-drain plug 240 and the
electrical connection structure.

In one embodiment, a second protection layer (not shown
in the Figure) may be formed on the top surface of the gate
structure 210, which may avoid over-etching when subse-
quently forming the electrical connection structure on the
top of the gate structure 210, and may avoid short circuits
between the gate structure 210 and the source-drain plug 240
and between the gate structure 210 and the electrical con-
nection structure.

Then, a first plug may be formed in the first dielectric
layer 220, and the first plug may be in contact with the top
surface of the source-drain plug 240 or the top surface of the
gate structure 210. Specification process of forming the first
plug may refer to FIG. 7 and FIG. 8.

Returning to FIG. 13, after forming the first dielectric
layer, a first opening exposing a top surface of the gate
structure or a top surface of the source-drain plug may be
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8
formed in the first dielectric layer (S103). FIG. 7 illustrates
a corresponding semiconductor structure.

Referring to FIG. 7, a first opening 251 may be formed in
the first dielectric layer 220, and the first opening 251 may
expose the top surface of the source-drain plug 240 or the
top surface of the gate structure 210. The first opening 251
may provide space for subsequently forming the first plug.

Forming the first opening 251 may include: forming a first
patterned layer 221 on the surface of the first dielectric layer
220, where the first patterned layer 221 may expose a
portion of the surface of the first dielectric layer 220; and by
using the first patterned layer 221 as a mask, etching the first
dielectric layer 220 until the top surface of the source-drain
plug 240 or the top surface of the gate structure 210 is
exposed, to form the first opening 251.

Etching the first dielectric layer 220 may include one or
more of a dry etching process and a wet etching process. In
one embodiment, a dry etching process may be used to etch
the first dielectric layer 220, which may facilitate to improve
the morphology of the formed first opening 251, thereby
improving the performance of the formed semiconductor
structure.

In one embodiment, the first opening 251 may expose the
top surface of the gate structure 210. In another embodi-
ment, the first opening may expose the top surface of the
source-drain plug.

Returning to FIG. 13, after forming the first opening, a
first plug may be formed in the first opening (S104). FIG. 8
illustrates a corresponding semiconductor structure.

Referring to FIG. 8, a first plug material film (not shown
in the Figure) may be formed in the first opening 251 and on
the surface of the first dielectric layer 220. The first plug
material film may be planarized until the surface of the first
dielectric layer 220 is exposed, to form the first plug 260 in
the first opening 251.

In one embodiment, because the first opening 251 exposes
the top surface of the gate structure 210, the first plug 260
formed in the first opening 251 may be disposed on the top
surface of the gate structure 210.

Forming the first plug material film may include a selec-
tive metal growth process, a physical vapor deposition
process, a chemical vapor deposition process, or an atomic
layer deposition process. In one embodiment, forming the
first plug material film may include a chemical vapor
deposition process.

In certain embodiments, when the first opening exposes
the top surface of the source-drain plug, forming the first
plug material film may include a selective metal growth
process. Parameters of the selective metal growth process
may include: gases including WF; and H,, where a flow rate
of WF; is in a range of approximately 20 sccm-150 scem,
and a flow rate of H, is in a range of approximately 5000
sccm-8000 scem, and a temperature in a range of approxi-
mately 200° C.-400° C.

Because the selective metal growth process has a different
deposition rate on a surface of a different material and the
material composition of the source-drain plug is simple, the
first plug material may be directly deposited on the surface
of the source-drain plug to form the desired first plug
material film. The first plug material film may have desired
adhesion, and, thus, an additional film layer for increasing
the adhesion of the first plug material film may not need to
be formed, which may facilitate to improve the performance
of the formed semiconductor structure.

In certain embodiments, when the first opening exposes
the top surface of the source-drain plug, forming the first
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plug material film may include a physical vapor deposition
process, a chemical vapor deposition process, or an atomic
layer deposition process.

The first plug material film may be made of a material
including one or more of tungsten, copper, cobalt, titanium
nitride, titanium, tantalum, tantalum nitride, ruthenium,
ruthenium nitride, and aluminum. In one embodiment, the
first plug material film may be made of tungsten, and the first
plug 260 formed from the first plug material film may be
made of tungsten.

Returning to FIG. 13, after forming the first plug, a second
dielectric layer may be formed (S105). FIG. 9 illustrates a
corresponding semiconductor structure.

Referring to FIG. 9, a second dielectric layer 270 may be
formed on the first dielectric layer 220, and the second
dielectric layer 270 may cover the surface of the first plug
260. In one embodiment, the second dielectric layer 270
may cover the top surface of the first plug 260.

The second dielectric layer 270 may be made of a
dielectric material, and the dielectric material may include
one or more of silicon oxide, silicon nitride, silicon carbide,
silicon oxy-carbide, silicon oxy-nitride, aluminum oxide,
aluminum nitride, silicon carbo-nitride, and silicon oxy-
carbo-nitride. In one embodiment, the second dielectric
layer 270 may be made of silicon oxide.

The first plug 260 may be first formed, and then the
second dielectric layer 270 covering the surface of the first
plug 260 may be formed. Because the second dielectric layer
270 covers the surface of the first plug 260, the first plug 260
may be protected from being affected by subsequent pro-
cesses. Therefore, when subsequently forming a second plug
material film in the first dielectric layer 220 and the second
dielectric layer 270, material may not be deposited on the
surface of the first plug 260, which may reduce the influence
on the second plug material film, and may {facilitate to
improve the morphology of the formed second plug material
film, thereby improving the performance of the formed
semiconductor structure.

Then, a second plug material film may be formed in the
first dielectric layer 220 and the second dielectric layer 270,
and the second plug material film may be in contact with the
top surface of the source-drain plug 240 or the top surface
of the gate structure 210. The formation process of the
second plug material film may refer to FIG. 10 and FIG. 11.

Returning to FIG. 13, after forming the second dielectric
layer, a second opening exposing the top surface of the
source-drain plug or the top surface of the gate structure may
be formed in the second dielectric layer and the first dielec-
tric layer (S106). FIG. 10 illustrates a corresponding semi-
conductor structure.

Referring to FIG. 10, a second opening 252 may be
formed in the first dielectric layer 260 and the second
dielectric layer 270, and the second opening 252 may expose
the top surface of the source-drain plug 240 or the top
surface of the gate structure 210. The second opening 252
may provide space for subsequently forming the second
plug.

Forming the second opening 252 may include: forming a
second patterned layer (not illustrated) on the second dielec-
tric layer 270, where the second patterned layer may expose
a portion of the surface of the second dielectric layer 270;
and by using the second patterned layer as a mask, etching
the first dielectric layer 220 and the second dielectric layer
270 until the top surface of the source-drain plug 240 or the
top surface of the gate structure 210 is exposed, to form the
second opening 252.
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Etching the first dielectric layer 220 and the second
dielectric layer 270 may include one or more of a dry etching
process and a wet etching process. In one embodiment, a dry
etching process may be used to etch the first dielectric layer
220 and the second dielectric layer 270, which may facilitate
to improve the morphology of the formed second opening
252, thereby improving the performance of the formed
semiconductor structure.

In one embodiment, the second opening 252 may expose
the top surface of the source-drain plug 240. In another
embodiment, the second opening may expose the top surface
of the gate structure.

Returning to FIG. 13, after forming the second opening,
a second plug material film may be formed in the second
opening and on the second dielectric layer (S107). FIG. 11
illustrates a corresponding semiconductor structure.

Referring to FIG. 11, a second plug material film 280 may
be formed in the second opening 252 and on the second
dielectric layer 270.

Forming the second plug material film 280 may include a
selective metal growth process. Parameters of the selective
metal growth process may include: gases including WF and
H,, where a flow rate of WFj is in a range of approximately
20 scem-150 scem, and a flow rate of H, is in a range of
approximately 5000 sccm-8000 sccm, and a temperature in
a range of approximately 200° C.-400° C.

The second plug material film 280 may be formed by a
selective metal growth process. Because the selective metal
growth process has a different deposition rate on a surface of
a different material, the material may be directly deposited
on the surface of a metal material to form the desired second
plug material film 280. The second plug material film 280
may have desired adhesion, and, thus, an additional film
layer for increasing the adhesion of the second plug material
film 280 may not need to be formed, which may facilitate to
improve the conductivity of the second plug material film
280, and may facilitate to improve the performance of the
formed semiconductor structure.

In one embodiment, the second opening 252 may expose
the top surface of the source-drain plug 240. Because the
material composition of the source-drain plug 240 is simple,
the selective metal growth process may facilitate to improve
the adhesion of the second plug material film formed on the
top surface of the source-drain plug 240, may facilitate to
improve the conductivity of the second plug material film
280, thereby improving the performance of the formed
semiconductor structure.

The second plug material film 280 may be made of a
material including one or more of tungsten, copper, cobalt,
titanium nitride, titanium, tantalum, tantalum nitride, ruthe-
nium, ruthenium nitride, and aluminum. In one embodiment,
the second plug material film 280 may be made of tungsten.

In one embodiment, the first plug 260 may be in contact
with the top surface of the gate structure 210, and the second
plug material film 280 may be in contact with the top surface
of the source-drain plug 240.

In another embodiment, the first plug may be in contact
with the top surface of the source-drain plug, and the second
plug material film may be in contact with the top surface of
the gate structure.

Returning to FIG. 13, after forming the second plug
material film, a second plug may be formed (S108). FIG. 12
illustrates a corresponding semiconductor structure.

Referring to FIG. 12, the second plug material film 280
may be planarized until the surface of the first dielectric
layer 220 and the top surface of the first plug 260 are
exposed, to form the second plug 290 in the first dielectric
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layer 220. The second plug 290 may be in contact with the
top surface of the source-drain plug 240 or the top surface
of the gate structure 210. Planarizing the second plug
material film 280 may include a chemical mechanical pol-
ishing process.

In one embodiment, the first plug 260 may be in contact
with the top surface of the gate structure 210, and the second
plug 290 may be in contact with the top surface of the
source-drain plug 240.

In another embodiment, the first plug may be in contact
with the top surface of the source-drain plug, and the second
plug may be in contact with the top surface of the gate
structure.

Correspondingly, the present disclosure also provides a
semiconductor structure. Referring to FIG. 11, the semicon-
ductor structure may include a substrate 200, and a first
dielectric layer 220 and a plurality of gate structures 210
disposed over the substrate 200. The semiconductor struc-
ture may also include source-drain doped regions 230 in the
substrate 200 on both sides of the gate structure 210, and a
source-drain plug 240 disposed on the top surface of the
source-drain doped region 230. The first dielectric layer 220
may cover the surfaces of the gate structure 210, the
source-drain doped region 230 and the source-drain plug
240. Moreover, the semiconductor structure may include a
first plug 260 in the first dielectric layer 230. The first plug
260 may be in contact with a top surface of the source-drain
plug 240 or a top surface of the gate structure 210. Further,
the semiconductor structure may include a second dielectric
layer 270 disposed on the first dielectric layer 220, and the
second dielectric layer 270 may cover the surface of the first
plug 260.

In one embodiment, the first plug 260 may be in contact
with the top surface of the source-drain plug 240. In another
embodiment, the first plug may be in contact with the top
surface of the gate structure.

The semiconductor structure may further include a second
plug material film 280 in the first dielectric layer 220 and the
second dielectric layer 270. The second plug material film
280 may be in contact with the top surface of the source-
drain plug 240 or the top surface of the gate structure 210.

In one embodiment, the second plug material film 280
may be in contact with the top surface of the gate structure
210. In another embodiment, the second plug material film
may be in contact with the top surface of the source-drain
plug.

In one embodiment, the second plug material film 280
may further be disposed over the second dielectric layer 270.
In certain embodiments, the second plug material film may
merely be formed in the first dielectric layer and the second
dielectric layer.

Because the second dielectric layer 270 covers the surface
of'the first plug 260, the first plug 260 may be protected from
being affected by subsequent processes. Therefore, when
subsequently forming the second plug material film 280 in
the first dielectric layer 220 and the second dielectric layer
270, material may not be deposited on the surface of the first
plug 260, which may reduce the influence on the second
plug material film 280, and may facilitate to improve the
morphology of the formed second plug material film 280,
thereby improving the performance of the formed semicon-
ductor structure.

The disclosed embodiments may have following benefi-
cial effects. In the disclosed embodiments of the present
disclosure, the first plug may be first formed, and then the
second dielectric layer covering the surface of the first plug
may be formed. Because the second dielectric layer covers
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the surface of the first plug, the first plug may be protected
from being affected by subsequent processes. Therefore,
when subsequently forming the second plug material film in
the first dielectric layer and the second dielectric layer,
material may not be deposited on the surface of the first plug,
which may reduce the influence on the second plug material
film, and may facilitate to improve the morphology of the
formed second plug material film, thereby improving the
performance of the formed semiconductor structure.

In addition, the second plug material film may be formed
by a selective metal growth process. Because the selective
metal growth process has a different deposition rate on a
surface of a different material, the material may be directly
deposited on the surface of a metal material to form the
desired second plug material film. The second plug material
film may have desired adhesion, and, thus, an additional film
layer for increasing the adhesion of the second plug material
film may not need to be formed, which may facilitate to
improve the conductivity of the second plug material film,
and may facilitate to improve the performance of the formed
semiconductor structure.

Moreover, the first plug material film may be formed by
a selective metal growth process. Because the selective
metal growth process has a different deposition rate on a
surface of a different material, the material may be directly
deposited on the surface of a metal material to form the
desired first plug material film. The first plug material film
may have desired adhesion, and, thus, an additional film
layer for increasing the adhesion of the first plug material
film may not need to be formed, which may facilitate to
improve the conductivity of the first plug material film, and
may facilitate to improve the performance of the formed
semiconductor structure.

In the disclosed semiconductor structure, because the
second dielectric layer covers the surface of the first plug,
the first plug may be protected from being affected by
subsequent processes. Therefore, when subsequently form-
ing the second plug material film in the first dielectric layer
and the second dielectric layer, material may not be depos-
ited on the surface of the first plug, which may reduce the
influence on the second plug material film, and may facili-
tate to improve the morphology of the formed second plug
material film, thereby improving the performance of the
formed semiconductor structure.

The above detailed descriptions only illustrate certain
exemplary embodiments of the present disclosure, and are
not intended to limit the scope of the present disclosure.
Those skilled in the art can understand the specification as
whole and technical features in the various embodiments can
be combined into other embodiments understandable to
those persons of ordinary skill in the art. Any equivalent or
modification thereof, without departing from the spirit and
principle of the present disclosure, falls within the true scope
of the present disclosure.

What is claimed is:

1. A fabrication method of a semiconductor structure,
comprising:

providing a substrate;

forming a first dielectric layer and a plurality of gate

structures over the substrate, forming source-drain
doped regions in the substrate on both sides of a gate
structure of the plurality of gate structures, and forming
a source-drain plug on a top surface of a source-drain
doped region of the source-drain doped regions,
wherein the first dielectric layer covers surfaces of the
gate structure, the source-drain doped region and the
source-drain plug;
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forming a first plug in the first dielectric layer, wherein the
first plug is in contact with one of a top surface of the
source-drain plug and a top surface of the gate struc-
ture;

forming a second dielectric layer on a surface of the first
dielectric layer, wherein the second dielectric layer
covers a surface of the first plug;

forming a second plug material film in the first dielectric
layer and the second dielectric layer, wherein the
second plug material film is in contact with one of the
top surface of the source-drain plug and the top surface
of the gate structure; and

planarizing the second plug material film until the surface
of the first dielectric layer and a top surface of the first
plug are exposed, to form a second plug in the first
dielectric layer, wherein the second plug is in contact
with one of the top surface of the source-drain plug and
the top surface of the gate structure.

2. The method according to claim 1, wherein forming the

first plug includes:

forming a first opening in the first dielectric layer, wherein
the first opening exposes one of the top surface of the
source-drain plug and the top surface of the gate
structure;

forming a first plug material film in the first opening and
on the surface of the first dielectric layer; and

planarizing the first plug material film until the surface of
the first dielectric layer is exposed, to form the first plug
in the first opening.

3. The method according to claim 2, wherein forming the

first opening includes:

forming a first patterned layer on the surface of the first
dielectric layer, wherein the first patterned layer
exposes a portion of the first dielectric layer; and

using the first patterned layer as a mask, etching the first
dielectric layer until one of the top surface of the
source-drain plug and the top surface of the gate
structure is exposed, to form the first opening.

4. The method according to claim 2, wherein forming the

first plug material film includes:
a selective metal growth process, a physical vapor depo-
sition process, a chemical vapor deposition process, or
an atomic layer deposition process.
5. The method according to claim 4, wherein:
when the first opening exposes the top surface of the
source-drain plug, the first plug material film is formed
by the selective metal growth process; and
parameters of the selective metal growth process include:
gases including WF, and H,, wherein a flow rate of
WF, is in a range of approximately 20 sccm-150
sccm, and a flow rate of H,, is in a range of approxi-
mately 5000 sccm-8000 sccm, and

atemperature in a range of approximately 200° C.-400°
C.

6. The method according to claim 1, wherein:

the first plug is made of a material including one or more
of tungsten, copper, cobalt, titanium nitride, titanium,
tantalum, tantalum nitride, ruthenium, ruthenium
nitride, and aluminum.

7. The method according to claim 1, wherein:

the second plug material film is made of a material
including one or more of tungsten, copper, cobalt,
titanium nitride, titanium, tantalum, tantalum nitride,
ruthenium, ruthenium nitride, and aluminum.

8. The method according to claim 1, wherein:

the second plug material film is further formed on a
surface of the second dielectric layer; and
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forming the second plug material film includes:
forming a second opening in the first dielectric layer
and the second dielectric layer, wherein the second
opening exposes one of the top surface of the source-
drain plug and the top surface of the gate structure,
and
forming the second plug material film in the second
opening and on the surface of the second dielectric
layer.
9. The method according to claim 8, wherein forming the
second opening includes:
forming a second patterned layer on the surface of the
second dielectric layer, wherein the second patterned
layer exposes a portion of the second dielectric layer;
and
using the second patterned layer as a mask, etching the
first dielectric layer and the second dielectric layer until
one of the top surface of the source-drain plug and the
top surface of the gate structure is exposed, to form the
second opening.
10. The method according to claim 1, wherein:
the second plug material film is formed by a selective
metal growth process; and
parameters of the selective metal growth process include:
gases including WF, and H,, wherein a flow rate of
WF, is in a range of approximately 20 sccm-150
sccm, and a flow rate of H,, is in a range of approxi-
mately 5000 sccm-8000 scem, and
atemperature in a range of approximately 200° C.-400°
C.
11. The method according to claim 1, wherein:
the first plug is in contact with the top surface of the gate
structure, and the second plug material film is in contact
with the top surface of the source-drain plug.
12. The method according to claim 1, wherein:
the first plug is in contact with the top surface of the
source-drain plug, and the second plug material film is
in contact with the top surface of the gate structure.
13. The method according to claim 1, wherein:
the first dielectric layer is made of a dielectric material
including one or more of silicon oxide, silicon nitride,
silicon carbide, silicon oxy-carbide, silicon oxy-nitride,
aluminum oxide, aluminum nitride, silicon carbo-ni-
tride, and silicon oxy-carbo-nitride.
14. The method according to claim 1, wherein:
the second dielectric layer is made of a dielectric material
including one or more of silicon oxide, silicon nitride,
silicon carbide, silicon oxy-carbide, silicon oxy-nitride,
aluminum oxide, aluminum nitride, silicon carbo-ni-
tride, and silicon oxy-carbo-nitride.
15. The method according to claim 1, wherein:
the source-drain plug includes an isolation layer and a
conductive layer on the isolation layer, wherein:
the isolation layer is made of a material including one
or more of titanium silicide, tantalum silicide, and
tungsten nitride, and
the conductive layer is made of a material including
one or more of tungsten, copper, cobalt, titanium
nitride, titanium, tantalum, tantalum nitride, ruthe-
nium, ruthenium nitride, and aluminum.
16. The method according to claim 1, wherein:
the gate structure includes a gate dielectric layer, a work
function layer on the gate dielectric layer, and a gate
electrode layer on the work function layer, wherein:
the gate dielectric layer is made of a material including
one or more of silicon oxide, and a high-K dielectric
material,
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the work function layer is made of a material including
one or more of TiN, TaN, TiAl, TiAlC, TaAlN,
TiAIN, TaCN, and AIN, and

16

a second dielectric layer disposed on the first dielectric
layer, wherein the second dielectric layer covers a
surface of the first plug; and

the gate electrode layer is made of a material including
one or more of tungsten, copper, cobalt, titanium 5
nitride, titanium, tantalum, tantalum nitride, ruthe-
nium, ruthenium nitride, and aluminum.

17. A semiconductor structure, comprising:

a first dielectric layer and a plurality of gate structures
disposed over a substrate, source-drain doped regions
disposed in the substrate on both sides of a gate
structure of the plurality of gate structures, and a
source-drain plug disposed on a top surface of a source-
drain doped region of the source-drain doped regions,
wherein the first dielectric layer covers surfaces of the
gate structure, the source-drain doped region and the
source-drain plug;

a first plug disposed in the first dielectric layer, wherein
the first plug is in contact with one of a top surface of
the source-drain plug and a top surface of the gate
structure; k% &k ok

a second plug material film disposed in the first dielectric
layer and the second dielectric layer, wherein the
second plug material film is in contact with one of the
top surface of the source-drain plug and the top surface
of the gate structure.

18. The semiconductor structure according to claim 17,

19" wherein:

the first plug is in contact with the top surface of the gate
structure, and the second plug material film is in contact
with the top surface of the source-drain plug.
15 19. The semiconductor structure according to claim 17,
wherein:
the first plug is in contact with the top surface of the
source-drain plug, and the second plug material film is
in contact with the top surface of the gate structure.



