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METHOD FOR MANUFACTURING
SEMICONDUCTOR STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a national stage entry of
International Application No. PCT/CN2021/109179, filed
on Jul. 29, 2021, which claims the priority to Chinese Patent
Application 202110313214 .4, titled “METHOD FOR
MANUFACTURING  SEMICONDUCTOR  STRUC-
TURE”, filed on Mar. 24, 2021. The entire contents of
International Application No. PCT/CN2021/109179 and
Chinese Patent Application 202110313214.4 are incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The present application relates to the field of semi-
conductor technology, and in particular, to a method for
manufacturing a semiconductor structure.

BACKGROUND

[0003] In the semiconductor process, cobalt interconnect
is an important technology for connecting a metal with a
non-metal. It can effectively reduce the contact resistance
between the metal and the non-metal, thereby effectively
improving device performance.

[0004] The metal silicidation process in the traditional
technology is:
[0005] Cobalt is deposited under low temperature condi-

tions, then exposed atmospheric oxygen atoms adhere to the
surface of the cobalt film, and finally cobalt silicide is
formed by high-temperature thermal annealing treatment.
Although this process is relatively stable, an oxide layer is
prone to form on the surface of the cobalt silicide during
annealing in the presence of oxygen in the cobalt film, which
tends to increase the contact resistance between the metal
and the non-metal to affect device performance.

SUMMARY

[0006] According to various embodiments of the present
application, a method for manufacturing a semiconductor
structure is provided.

[0007] A method for manufacturing a semiconductor
structure includes:

[0008] forming a contact metal layer on a silicon substrate;
[0009] performing a plasma treatment process, and form-
ing an oxygen isolation layer on a surface of the contact
metal layer; and

[0010] performing a silicidation reaction process, and con-
verting the contact metal layer into a metal silicide layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In order to describe the technical solutions in the
embodiments of this specification or in the prior art more
clearly, the following briefly describes the accompanying
drawings needed for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show only some embodiments of this
specification, and those of ordinary skill in the art may still
derive other drawings from these accompanying drawings
without any creative efforts.
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[0012] FIG. 1 is a step flowchart of a manufacturing
method according to an embodiment of the present appli-
cation;

[0013] FIGS. 2 (a) to (d) are schematic diagrams illustrat-
ing various stages of forming a metal-non-metal intercon-
nect structure according to the embodiment shown in FIG.
1

[0014] FIG. 3 is a step flowchart of a manufacturing
method according to another embodiment of the present
application;

[0015] FIG. 4 is a schematic structure diagram during
atmospheric exposure according to the embodiment shown
in FIG. 3;

[0016] FIG. 5 is a step flowchart of a manufacturing
method according to still another embodiment of the present
application;

[0017] FIGS. 6 (a) to (e) are schematic diagrams illustrat-
ing various stages of forming a metal-non-metal intercon-
nect structure according to another embodiment of the
present application.

DETAILED DESCRIPTION

[0018] In order to facilitate the understanding of the
present application, the present application will be described
more comprehensively below with reference to the relevant
accompanying drawings. Preferred embodiments of the
present application are shown in the drawings. However, the
present application may be implemented in many different
forms, and is not limited to the embodiments described
herein. On the contrary, these embodiments are provided for
a more thorough and comprehensive understanding of the
disclosure of the present application.

[0019] It should be noted that when one element is
referred to as being “fixed” to other element, the element
may be directly located on the other element or a medium
element may exist. When one element is considered to be
“connected” to other element, the element may be directly
connected to the other element or a medium element may
exist simultaneously. The terms “vertical”, “horizontal”,
“left”, “right”, “upper”, “lower”, “front”, “back” and “cir-
cumferential” used herein and similar expressions are based
on the orientations or positional relationships shown in the
accompanying drawings, and are intended to facilitate the
description of the present application and simplify the
description only, rather than indicating or implying that the
apparatus or element referred to must have a particular
orientation or be constructed and operated in a particular
orientation. Therefore, such terms and expressions cannot be
interpreted as limitations to the present application.

[0020] Unless otherwise defined, all technological and
scientific terms used herein have the same meanings as
commonly understood by those of ordinary skill in the
technical field of the present application. The terms used in
the description of the present application are only for the
purpose of describing specific embodiments, but are not
intended to limit the present application. The term “and/or”
used herein includes any and all combinations of one or
more relevant listed items.

[0021] During the manufacturing process of an integrated
circuit, Co/Ni/Ti is generally deposited on the surface of a
silicon substrate through a deposition process, then cobalt
silicide (CoSi,)/nickel silicide (NiSi )/titanium silicide
(TiSi,) is formed through a thermal annealing process to
reduce contact resistance, and finally a layer of thin film is
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deposited to prevent diffusion contamination of tungsten
metal subsequently filled. However, during the formation of
CoSi1,/NiSi/TiSi,, a layer of SiO, is prone to form due to
oxidation on the surface of CoSi/NiSi/TiSi,, which
increases the contact resistance and even may cause an open
circuit in severe cases.

[0022] In order to avoid the formation of oxides on the
surface of CoSi,/NiSi/TiSi, to increase the contact resis-
tance, cobalt may be deposited under high temperature
conditions to form high-resistance phase cobalt silicide, then
titanium nitride is deposited under high vacuum conditions
to form an isolation layer for isolating oxygen, and low-
resistance phase cobalt silicide is formed by thermal anneal-
ing treatment. However, the above method requires a tita-
nium target during production, which results in relatively
high cost and process complexity and is also not conducive
to improving device yield.

[0023] Based on the above defects, the present application
proposes an improved method for manufacturing a semi-
conductor structure, which achieves the purpose of isolating
oxygen by forming an oxygen isolation layer on the surface
of a contact metal layer, and includes: forming a contact
metal layer on a silicon substrate; performing a plasma
treatment process, and forming an oxygen isolation layer on
the surface of the contact metal layer; and performing a
silicidation reaction process, and converting the contact
metal layer into a metal silicide layer. The manufacturing
method can effectively reduce oxide defects in the metal-
non-metal interconnect structure, improve device yield, and
has simple process steps, which is beneficial to reducing the
cost.

[0024] In order to make the above objectives, features and
advantages of the present application more obvious and
understandable, the specific embodiments of the present
application will be described in detail below in conjunction
with the accompanying drawings. It should be noted that
these drawings are provided to help understand the embodi-
ments of the present application, and should not be inter-
preted as improper limitations to the present application.
[0025] Referring to FIG. 1, a method for manufacturing a
semiconductor structure according to the present application
includes the following steps:

[0026] S100, a contact metal layer is formed on a silicon
substrate.
[0027] Specifically, as shown in FIG. 2 (a), the silicon

substrate 100 may include a polycrystalline silicon substrate
or a monocrystalline silicon substrate, such as a silicon on
insulator (SOI) substrate, a stacked silicon on insulator
(SSOI) substrate, a stacked silicon germanium on insulator
(8—SiGeOl) substrate, a silicon germanium on insulator
(SiGeOl) substrate, or a germanium on insulator (GeOI)
substrate.

[0028] S200, a plasma treatment process is performed, and
form an oxygen isolation layer on the surface of the contact
metal layer.

[0029] Specifically, as shown in FIG. 2 (b), a plasma may
be introduced onto the surface of the contact metal layer
200, and the nitrogen-containing plasma reacts with the
contact metal layer 200, thus forming the oxygen isolation
layer 300 on the surface of the contact metal layer 200. The
oxygen isolation layer 300 can effectively isolate oxygen
and prevent the contact metal layer 200 from absorbing
oxygen in the external environment, thereby avoiding the

Mar. 2, 2023

formation of an oxide layer in the subsequent process, which
increases the contact resistance between the silicon substrate
100 and the metal.

[0030] In addition, a precursor may be introduced onto the
surface of the contact metal layer 200 before the plasma is
introduced, so that the precursor reacts with the plasma to
form the oxygen isolation layer 300. As such, on the one
hand, the oxygen isolation layer 300 with good oxygen
isolation performance can be formed; and on the other hand,
compared to the previous method for forming the oxygen
isolation layer 300, the consumption of the contact metal
layer 200 for forming the oxygen isolation layer 300 can be
reduced, thereby ensuring the subsequent forming quantity
of metal silicide.

[0031] S300, a silicidation reaction process is performed,
and convert the contact metal layer into a metal silicide
layer.

[0032] Specifically, as shown FIG. 2(c), after the silicida-
tion reaction is performed, the contact metal layer 200 can
be converted into the metal silicide layer 400.

[0033] Since the oxygen isolation layer 300 is formed on
the surface of the contact metal layer 200 first, the increase
of oxygen in the contact metal layer 200 can be reduced,
which reduces the formation of an oxide layer on the surface
of the contact metal layer 200 later and then reduces the
contact resistance. The silicidation reaction process may
include a heat treatment process. In step S200, an oxygen
isolation layer 300 with thermal instability is preferably
formed. As such, the oxygen isolation layer 300 can not only
isolate the contact metal layer 200 from oxygen, but also can
be removed in the subsequent heat treatment process, with-
out increasing the height of the semiconductor structure or
affecting device performance.

[0034] In the above-mentioned method for manufacturing
the semiconductor structure, an oxygen isolation layer 300
is formed on the surface of the contact metal layer 200
through a plasma process to achieve the purpose of isolating
oxygen, thereby reducing the formation of an oxide layer on
the surface of the metal silicide layer 400 later, then reducing
the contact resistance between the metal and the non-metal,
and improving device yield; on the other hand, the manu-
facturing method has simple process steps, is beneficial to
improving the use efficiency of equipment, and avoids the
use of metal targets to reduce production costs.

[0035] In one embodiment, the material of the contact
metal layer includes cobalt, and step S300 includes: intro-
ducing a nitrogen-containing plasma onto the surface of the
contact metal layer, and the nitrogen-containing plasma
reacting with the contact metal layer, so as to form the
oxygen isolation layer on the surface of the contact metal
layer.

[0036] Specifically, continuing to refer to FIG. 2, a cobalt
layer (that is, the contact metal layer 200) may be formed on
the silicon substrate 100 through a deposition process, a
reducing nitrogen-containing plasma is introduced onto the
surface of the cobalt layer, and the nitrogen-containing
plasma reacts with the cobalt layer so as to form a cobalt
nitride layer (that is, the oxygen isolation layer 300), and
then a silicidation reaction process (that is, heat treatment on
the cobalt layer) is performed to convert the cobalt layer into
a cobalt silicide layer (that is, the metal silicide layer 400),
which facilitates the subsequent connection of the metal to
the silicon substrate 100 and reduces the contact resistance
between the metal and the silicon substrate 100. Meanwhile,
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cobalt nitride with thermal instability is easily decomposed
into cobalt and nitrogen in the subsequent heat treatment
process, so the cobalt nitride used as the oxygen isolation
layer 300 can isolate the contact metal layer 200 from
oxygen, and can also be decomposed and removed in the
subsequent heat treatment process, without increasing the
height of the semiconductor structure or affecting device
performance. In addition, the oxygen isolation layer 300 of
the present application can be formed without using a
titanium target, which is also beneficial to reducing the
manufacturing cost.

[0037] In another embodiment, the material of the contact
metal layer includes cobalt, and before step S300, the
method further includes: introducing a cobalt-containing
precursor onto the surface of the contact metal layer, and the
cobalt-containing precursor reacting with the nitrogen-con-
taining plasma so as to generate cobalt nitride (the oxygen
isolation layer).

[0038] Specifically, after the cobalt layer is deposited, the
cobalt-containing precursor may be introduced onto the
surface of the cobalt layer, then the reducing nitrogen-
containing plasma is introduced, the cobalt-containing pre-
cursor reacts with the nitrogen-containing plasma to gener-
ate a cobalt nitride layer, and the silicidation reaction process
(that is, heat treatment on the cobalt layer) is performed, and
convert the cobalt layer into a cobalt silicide layer. The
cobalt-containing precursor used to form cobalt nitride, on
the one hand, is beneficial to forming the oxygen isolation
layer 300 with good oxygen isolation performance. On the
other hand, the cobalt nitride with thermal instability is
easily decomposed into cobalt and nitrogen, so compared to
the previous method for forming the oxygen isolation layer
300, the cobalt-containing precursor is beneficial to reducing
the consumption of the cobalt layer for forming cobalt
nitride, thereby ensuring the subsequent forming quantity of
cobalt silicide. Further, the cobalt-containing precursor may
be deposited on the surface of the cobalt layer by chemical
vapor deposition (CVD). The material of the cobalt-contain-
ing precursor may be dicobalt hexacarbonyl (CCTBA) or
cobalt tricarbonyl nitrosyl (Co (CO),NO), those skilled in
the art may choose the material according to the actual
situation, and the present application does not limit this.
[0039] Further, the X value in the Co, N layer and the
thickness of Co,N may be adjusted by adjusting the ratio of
the cobalt-containing precursor to the nitrogen-containing
plasma and the treatment time, and finally Co N with a
thickness of 1 nm to 5 nm may be formed. In one embodi-
ment, the thickness of Co,N may be 2 to 3 nm. By control-
ling the thickness of Co, N to satisfy the above relationship,
an oxygen isolation layer can be formed to achieve good
oxygen isolation effect, the reaction time can be reduced,
and the consumption of plasma can be reduced to reduce the
manufacturing cost.

[0040] In one embodiment, the plasma treatment process
is performed at a first temperature, the silicidation reaction
process is performed at a second temperature, and the first
temperature is less than the second temperature. Specifically,
continuing to refer to FIG. 2, still taking the contact metal
layer 200 that is a cobalt layer as an example, the oxygen
isolation layer 300 is cobalt nitride, the treatment tempera-
ture (that is, the first temperature) of the nitrogen-containing
plasma process may be 100° C. to 300° C., and preferably,
the first temperature is 200° C.; the flow rate of the nitrogen-
containing plasma introduced may be 3000 sccm to 5000
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sccm, the process time may be 5 s to 20 s, and the power of
introducing the plasma may be 500 W to 1000 W; the
thermal decomposition temperature for cobalt nitride may be
300° C. to 400° C.;

[0041] the heat treatment temperature (that is, the second
temperature) of the silicidation reaction process may be 500°
C. 10 900° C. It can be seen that the first temperature is lower
than the thermal decomposition temperature of cobalt
nitride, and the second temperature is significantly higher
than the thermal decomposition temperature of cobalt
nitride, so that the cobalt nitride can be formed on the cobalt
layer by the plasma treatment process at the first tempera-
ture, and can be completely removed by sufficient thermal
decomposition when the silicidation reaction process is
performed at the second temperature. As such, the cobalt
nitride can not only isolate the cobalt layer from oxygen, but
also can be removed in the subsequent heat treatment
process, without increasing the height of the semiconductor
structure or affecting device performance.

[0042] In one embodiment, referring to FIG. 3, after
forming the contact metal layer on the silicon substrate, and
before performing the plasma treatment process, when the
contact metal layer is exposed to atmosphere, the manufac-
turing method further includes performing the plasma treat-
ment process, and removing oxygen from the contact metal
layer.

[0043] Specifically, as shown in FIG. 4, after the contact
metal layer 200 is formed, the contact metal layer 200 is
exposed to atmosphere for a period of time. Taking the
cobalt layer as the contact metal layer 200 as an example,
because cobalt has oxygen absorption characteristics, when
the cobalt layer is exposed to atmosphere, oxygen molecules
enter the cobalt layer or adhere to the surface of the cobalt
layer. Therefore, if oxygen in the cobalt layer is not removed
and the oxygen isolation layer 300 (such as cobalt nitride) is
formed on the surface of the cobalt layer, an oxide layer is
easily generated in the subsequent silicidation reaction pro-
cess to increase the contact resistance. After the reducing
plasma is introduced, the oxygen in the cobalt layer can be
removed by an oxidation-reduction reaction, and the plasma
reacts with the cobalt layer to form a cobalt nitride layer
(that is, the oxygen isolation layer). In the solution of
forming the oxygen isolation layer by using the cobalt-
containing precursor, the nitrogen-containing plasma may
be introduced for a relatively long time to completely
remove the oxygen from the cobalt layer through the oxi-
dation-reduction reaction, thereby achieving the purpose of
isolating oxygen.

[0044] Further, the oxygen in the cobalt layer may be
removed using ammonia plasma, and the specific reaction
formula can be expressed as follows:

plasma
Co+x0,+ yNH; ————— CooN+ H,O1
high temperature

[0045] It can be seen that cobalt can react with oxygen and
ammonia plasma at a high temperature to generate cobalt
nitride and water vapor, thereby effectively removing oxy-
gen from the cobalt layer. The generated cobalt nitride
adheres to the surface of the cobalt layer, and can be
thermally decomposed to form cobalt and other products
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during the silicidation reaction, which can achieve an oxy-
gen isolation effect and reduce the consumption of cobalt.
[0046] In another embodiment, as shown in FIG. 5, after
forming the contact metal layer on the silicon substrate,
before performing the plasma treatment process, the contact
metal layer is in a vacuum environment. By placing the
semiconductor structure deposited with the contact metal
layer in the vacuum environment, the absorption of oxygen
in the contact metal layer can be avoided, so the oxygen does
not need to be removed from the contact metal layer. The
plasma can directly react with the contact metal layer or
react with the precursor to form an oxygen isolation layer on
the surface of the contact metal layer, which is beneficial to
saving the quantity of plasma introduced and reducing the
manufacturing cost.

[0047] In one embodiment, step S100 includes: forming a
contact window on the silicon substrate, and forming the
contact metal layer on the side walls and bottom surface of
the contact window through a deposition process.

[0048] Specifically, as shown in FIG. 6 (a), the contact
window is formed on the silicon substrate 100, the contact
window includes the silicon substrate 100 arranged on the
bottom of the contact window and a dielectric layer 110
arranged on two sides of the contact window, a contact metal
layer 200 is formed on the side walls and bottom surface of
the contact window through a deposition process, and the
material of the contact metal layer 200 is cobalt. The
deposition process includes any one of physical vapor
deposition, chemical vapor deposition and atomic layer
deposition.

[0049] Further, the contact window may be manufactured
according to the following method. First, the silicon sub-
strate 100 is provided, and then a photolithography mask is
provided. The photomask has an opaque photomask pattern
and a partial exposure pattern located around the opaque
photomask pattern. A photoresist material layer is exposed
through the photomask. Next, the exposed photoresist mate-
rial layer is developed to form a patterned photoresist layer.
After that, a substrate material layer is etched using the
patterned photoresist layer as an etching mask to form a
patterned material layer. Finally, the patterned photoresist
layer is removed. It is worth noting that the patterned
photoresist layer is a patterned photoresist layer with side
walls, which is produced by partially exposing the photo-
resist material layer through a partial exposure pattern
during the exposure to change the amount of exposure
around the opaque photomask pattern. In a preferred
embodiment, the partial exposure pattern is, for example,
composed of at least one strip shading pattern. The photo-
mask has an opaque photomask pattern and two partial
exposure patterns located around the opaque photomask
pattern. Each partial exposure pattern has, for example, a
strip shading pattern. Through the partial exposure patterns,
the amount of exposure at the edge of the opaque photomask
pattern can be changed, and then the edge of the photoresist
material layer can be partially exposed, and form the pat-
terned photoresist layer with inclined side walls. Of course,
each partial exposure pattern may include a plurality of strip
shading patterns, and is not limited to the single strip
shading pattern. The partial exposure pattern on the photo-
mask may also be composed of a plurality of block shading
patterns, which are arranged in the partial exposure pattern
to control the amount of exposure so as to form a partial
exposure effect. It is understandable that the strip shading
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pattern or the block shading pattern may also be in any other
shape, as long as a partial exposure effect can be achieved
around the opaque shading pattern.

[0050] Further, as shown in FIG. 6 (b), the contact metal
layer 200 is exposed to atmosphere, and oxygen molecules
enter the contact metal layer 200 or adhere to the surface of
the contact metal layer 200. Further, as shown in FIG. 6 (¢),
a plasma treatment process is performed, and form an
oxygen isolation layer 300 on the surface of the contact
metal layer 200. Further, as shown in FIG. 6 (d), a silicida-
tion reaction process is performed, and convert the contact
metal layer 200 into a metal silicide layer 400. In a preferred
embodiment, the material of the contact metal layer 200
includes cobalt, the plasma includes nitrogen-containing
plasma, and the nitrogen-containing plasma can react with
the contact metal layer 200 to generate cobalt nitride as the
oxygen isolation layer 300. The cobalt nitride with thermal
instability is easily decomposed into cobalt and nitrogen in
the subsequent heat treatment process, so the cobalt nitride
used as the oxygen isolation layer 300 can isolate the contact
metal layer 200 from oxygen, and can also be decomposed
and removed in the subsequent heat treatment process,
without increasing the height of the semiconductor structure
or affecting device performance. In another preferred
embodiment, the material of the contact metal layer 200
includes cobalt, and a cobalt-containing precursor may be
introduced onto the surface of the contact metal layer 200 to
react with the nitrogen-containing plasma so as to generate
cobalt nitride. As such, the amount of metal silicide on the
silicon substrate 100 at the bottom of the contact window
can be increased, and cobalt can also be formed on the side
walls of the contact window. In this way, when the subse-
quent metal is deposited in the contact window, the electron
migration of copper can be effectively suppressed.

[0051] In an embodiment, after step S300, the method
further includes the following step:

[0052] S400, a barrier layer is deposited on the metal
silicide layer.
[0053] In order to avoid the diffusion of ions in the

substrate to the subsequently deposited metal (for example,
copper), the barrier layer may be arranged between the metal
and the metal silicide layer, to block ion migration, so as to
ensure device performance. Specifically, the barrier layer
may be titanium nitride. On the other hand, the titanium
nitride also helps to improve the adhesion effect between the
metal and the contact metal layer 200 and the metal silicide
layer 400. Taking FIG. 2 (d) as an example, in order to block
ion migration and improve the adhesion effect between the
metal silicide layer 400 and the subsequently deposited
metal, a barrier layer 500 may be deposited on the metal
silicide layer 400; taking FIG. 6 (e¢) an example, in the
contact window, in order to block ion migration and improve
the adhesion effect between the unreacted contact metal
layer 200, the metal silicide layer 400 and the subsequently
deposited metal, a barrier layer 500 may be deposited on the
metal silicide layer 400.

[0054] In another embodiment, a cleaning reaction may be
performed first to remove the remaining part of contact
metal layer 200, and then the barrier layer 500 is deposited
on the metal silicide layer 400. Through the cleaning reac-
tion, the unreacted contact metal layer 200 and the unreacted
oxygen isolation layer 300 can be removed, which is ben-
eficial to reducing device thickness and further ensuring
device performance. It is understandable that those skilled in
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the art can choose whether to remove the unreacted contact
metal layer 200 and the unreacted oxygen isolation layer 300
according to the actual situation, which is not limited in the
present application.

[0055] The technical features of the above embodiments
may be combined arbitrarily. For the purpose of simplicity
in description, all possible combinations of the technical
features in the above embodiments are not described. How-
ever, as long as the combinations of these technical features
do not have contradictions, they shall fall within the scope
of this specification.

[0056] The above-mentioned embodiments only describe
several implementations of the present application, and their
descriptions are specific and detailed, but cannot therefore
be understood as limitations to the patent scope of the
present application. It should be noted that those of ordinary
skill in the art may further make variations and improve-
ments without departing from the conception of the present
application, and these all fall within the protection scope of
the present application. Therefore, the patent protection
scope of the present application should be subject to the
appended claims.

1. A method for manufacturing a semiconductor structure,
comprising:

forming a contact metal layer on a silicon substrate;

performing a plasma treatment process, and forming an

oxygen isolation layer on a surface of the contact metal
layer; and

performing a silicidation reaction process, and converting

the contact metal layer into a metal silicide layer.

2. The method for manufacturing the semiconductor
structure according to claim 1, wherein the performing the
plasma treatment process, and forming an oxygen isolation
layer on the surface of the contact metal layer comprises:

introducing a nitrogen-containing plasma onto the surface

of the contact metal layer, and the nitrogen-containing
plasma reacting with the contact metal layer, so as to
form the oxygen isolation layer on the surface of the
contact metal layer.

3. The method for manufacturing the semiconductor
structure according to claim 1, wherein the plasma treatment
process is performed at a first temperature, the silicidation
reaction process is performed at a second temperature, and
the first temperature is less than the second temperature.

4. The method for manufacturing the semiconductor
structure according to claim 1, wherein after forming the
contact metal layer on the silicon substrate, and before
performing the plasma treatment process, when the contact
metal layer is exposed to atmosphere, the method further
comprises performing the plasma treatment process, and
removing oxygen from the contact metal layer.

5. The method for manufacturing the semiconductor
structure according to claim 1, wherein after forming the
contact metal layer on the silicon substrate, before perform-
ing the plasma treatment process, the contact metal layer is
in a vacuum environment.
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6. The method for manufacturing the semiconductor
structure according to claim 3, wherein the first temperature
is 100° C. to 300° C.

7. The method for manufacturing the semiconductor
structure according to claim 1, wherein the converting the
contact metal layer into the metal silicide layer comprises:

performing heat treatment on the contact metal layer to

convert the contact metal layer into the metal silicide
layer.

8. The method for manufacturing the semiconductor
structure according to claim 3, wherein the oxygen isolation
layer has a preset thermal decomposition temperature, the
preset thermal decomposition temperature is less than or
equal to the second temperature.

9. The method for manufacturing the semiconductor
structure according to claim 8, wherein the preset thermal
decomposition temperature is 300° C. to 400° C., and the
second temperature is 500° C. to 900° C.

10. The method for manufacturing the semiconductor
structure according to claim 1, wherein a material of the
contact metal layer comprises cobalt.

11. The method for manufacturing the semiconductor
structure according to claim 1, wherein a material of the
oxygen isolation layer comprises cobalt nitride.

12. The method for manufacturing the semiconductor
structure according to claim 1, wherein the forming a contact
metal layer on a silicon substrate comprises: forming a
contact window on the silicon substrate, and forming the
contact metal layer on side walls and bottom surface of the
contact window through a deposition process.

13. The method for manufacturing the semiconductor
structure according to claim 12, wherein the deposition
process comprises any one of physical vapor deposition,
chemical vapor deposition and atomic layer deposition.

14. The method for manufacturing the semiconductor
structure according to claim 1, wherein after converting the
contact metal layer into the metal silicide layer, the method
further comprises:

depositing a barrier layer on the metal silicide layer.

15. The method for manufacturing the semiconductor
structure according to claim 1, wherein after converting the
contact metal layer into the metal silicide layer, the method
further comprises: performing a cleaning reaction, and
removing a remaining part of contact metal layer, and
depositing a barrier layer on the metal silicide layer.

16. The method for manufacturing the semiconductor
structure according to claim 2, wherein the plasma treatment
process is performed at a first temperature, the silicidation
reaction process is performed at a second temperature, and
the first temperature is less than the second temperature.

17. The method for manufacturing the semiconductor
structure according to claim 16, wherein a flow rate of the
nitrogen-containing plasma introduced is 3000 sccm to 5000
sccm, and the first temperature is 100° C. to 300° C.

#* #* #* #* #*
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