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(57) ABSTRACT 
A metal gate MISFET comprises a metal gate electrode on 
a semiconductor substrate, a side Wall insulation ?lm, and a 
source-drain region Which is formed on the surface of the 
semiconductor substrate on both sides of the side Wall 
insulation ?lm. Then, a cobalt silicide ?lm is formed on the 
source-drain region. In this step of manufacturing the MIS 
FET, since the cobalt silicide ?lm is sealed With the silicon 
nitride ?lm at the time of oxidizing the surface of the 
substrate of a gate portion, the property of the cobalt silicide 
?lm Will never be deteriorated. As a consequence, the 
metal-gate ?eld effect transistor having a 10W parasitic 
resistance of the source-drain region can be obtained. 
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METAL-GATE FIELD EFFECT TRANSISTOR AND 
METHOD FOR MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a metal-gate ?eld 
effect transistor having a loW resistance source-drain region 
and a method for manufacturing the same. 

[0003] 2. Description of the Related Art 

[0004] A structure of this kind of metal-gate MISFET and 
a method for manufacturing such a metal-gate MISFET are 
disclosed in pp. 821-824 of IEDM Tech. Dig., 1997. FIG. 1 
is a sectional vieW shoWing this conventional metal-gate 
?eld effect transistor. FIGS. 2A through 2E are sectional 
vieWs shoWing a method for manufacturing the metal-gate 
?eld effect transistor in the order of the steps thereof. 

[0005] As shoWn in FIG. 2A, after a dummy gate insu 
lation ?lm 6 is formed on a semiconductor substrate 1, a 
dummy gate electrode 2 is formed by the use of some 
material. Then, a loW concentration source-drain region 5 is 
formed by means of ion implantation on the surface of the 
semiconductor substrate 1 by using this dummy gate elec 
trode 2 as a mask. After that, a side Wall insulation ?lm 3 is 
formed on a side Wall of the gate electrode 2, and a high 
concentration source-drain region 4 is formed by means of 
ion implantation on the surface of the semiconductor sub 
strate 1 by using as a mask this side Wall insulation ?lm 3. 
Incidentally, the gate electrode 2 and the side Wall insulation 
?lm 3 are embedded in an insulation ?lm 7, and the surface 
of the gate electrode 2 and the side Wall insulation ?lm 3 are 
made planar. 

[0006] Subsequently, as shoWn in FIG. 2B, the dummy 
gate electrode 2 is removed. 

[0007] Then, as shoWn in FIG. 2C, the gate insulation ?lm 
6 located beloW the gate electrode is removed. 

[0008] Furthermore, as shoWn in FIG. 2D, the surface of 
the semiconductor substrate of the gate portion is subjected 
to oxidation thereby forming a gate insulation ?lm 8. 

[0009] After that, as shoWn in FIG. 2E, 21 metal ?lm is 
formed on the Whole surface of the semiconductor substrate 
1 to embed the gate portion With this metal ?lm folloWed by 
patterning this metal ?lm With a photo-resist 10 thereby 
forming a metal-gate electrode 9 Which is embedded in the 
gate portion. 

[0010] Then, a metal-gate MISFET having a structure 
shoWn in FIG. 1 is formed by removing the photo-resist 10. 

[0011] In this manner, conventionally, in the case Where 
this kind of metal-gate MISFET is manufactured, the MIS 
FET structure is formed in advance by using some material 
as the gate electrode 2 in order to form in self-alignment the 
gate electrode and the source-drain region. In the foregoing 
steps, after this dummy gate electrode 2 is removed, and the 
dummy gate insulation ?lm 6 located beloW the dummy gate 
electrode 2 is removed, the gate oxidation is performed, and 
the metal is embedded therein to form a real metal-gate 
electrode 9. 

[0012] HoWever, this conventional metal-gate MISFET 
has a problem that a parasitic resistance of the source-drain 
region is large. 
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[0013] Supposing that a silicide ?lm is formed on the 
source-drain region of the metal-gate ?eld effect transistor as 
can be seen in the present invention, the parasitic resistance 
of the source-drain region can be loWered. HoWever, in the 
conventional method, such a silicide ?lm can not be formed 
on the source-drain region. 

[0014] In other Words, in the conventional method, When 
the metal-made gate electrode is formed folloWed by 
implanting ions to form the source-drain region by using the 
metal-made gate electrode as a mask for self-alignment, it is 
required to regulate a temperature for activating implanted 
ions to at most 800° C. or so in order to avoid the melting 
of the metal. HoWever, the activation of the implanted ions 
becomes insuf?cient at such a temperature of heat treatment. 
Besides, after the dummy gate electrode and the gate insu 
lation ?lm are removed, the presence of the silicide ?lm on 
the source-drain region at the time of the gate oxidation 
leads to the deterioration of the electric characteristics oWing 
to the oxidation of the silicide ?lm. For such a reason, the 
silicide ?lm could not be formed on the source-drain region 
of the conventional metal-gate MISFET. 

SUMMARY OF THE INVENTION 

[0015] An object of the present invention is to provide a 
metal-gate ?eld effect transistor having a loW parasitic 
resistance of the source and drain and a method for manu 
facturing the same. 

[0016] A metal-gate ?eld effect transistor according to a 
?rst aspect of the present invention comprises a metal-gate 
electrode formed on a semiconductor substrate, and a 
source-drain region formed on the surface of the semicon 
ductor substrate on both sides of the metal-gate electrode, 
the transistor being characteriZed in that a cobalt silicide ?lm 
is formed on the source-drain region. 

[0017] A metal-gate ?eld effect transistor according to a 
second aspect of the present invention comprises a metal 
gate electrode formed on a semiconductor substrate, and a 
source-drain region formed on the surface of the semicon 
ductor substrate on both sides of the metal-gate electrode, 
the transistor being characteriZed in that a conductive ?lm 
formed of the same material as the metal-gate electrode is 
formed on the source-drain region. 

[0018] A method for forming the metal-gate ?eld effect 
transistor according to the ?rst aspect of the present inven 
tion comprises the steps of: 

[0019] forming a source-drain region of the surface 
of the semiconductor substrate, a dummy gate elec 
trode and a dummy gate insulation ?lm on the 
semiconductor substrate, and a silicide ?lm on the 
source-drain region; 

[0020] forming a sealing ?lm such as silicon nitride 
or the like on the silicide ?lm; 

[0021] removing the dummy electrode and the 
dummy gate insulation ?lm; 

[0022] subjecting to oxidation the surface of the 
semiconductor substrate of the gate portion to form 
a gate oxide ?lm; and 

[0023] embedding a metal material in the gate portion 
to form the metal-gate electrode. 
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[0024] A method for manufacturing the metal-gate ?eld 
effect transistor according to the second aspect of the present 
invention comprises the steps of: 

[0025] forming a source-drain region of the surface 
of a semiconductor substrate, and a dummy gate 
electrode and a dummy gate insulation ?lm on the 
semiconductor substrate; 

[0026] removing the dummy gate electrode and the 
dummy gate insulation ?lm; 

[0027] subjecting to oxidation the surface of the 
substrate of the gate portion to form a gate oxide 
?lm; 

[0028] depositing a titanium nitride ?lm; 

[0029] opening a region including at least a portion of 
an area on the source-drain region; 

[0030] depositing a barrier metal ?lm; and 

[0031] simultaneously embedding the gate port-ion 
and the opening on the source-drain region to form 
the metal-gate electrode. 

[0032] A method for manufacturing the metal-gate ?eld 
effect transistor according to a third aspect of the present 
invention comprises the steps of: 

[0033] forming the source-drain region of the surface 
of the semiconductor substrate, and a dummy gate 
electrode, a dummy gate insulation ?lm and a silicon 
dioxide ?lm on the semiconductor substrate; 

[0034] forming a ?rst sealing ?lm such as silicon 
nitride or the like on the dummy gate electrode; 

[0035] etching in self-alignment the silicon dioxide 
?lm on the source-drain region With respect to the 
gate electrode by using as a mask the side Wall 
insulation ?lm and the sealing ?lm; 

[0036] embedding an opening on the source-drain 
region With a metal to form a conductive ?lm; 

[0037] forming a second sealing ?lm such as silicon 
nitride or the like on the surface of this conductive 

[0038] exposing the surface of the dummy gate elec 
trode; 

[0039] removing the dummy gate electrode and the 
dummy gate insulation ?lm and subjecting to oxi 
dation the surface of the semiconductor substrate of 
the gate portion thereby forming a gate oxide ?lm 
and embedding the gate portion With a metal to form 
a metal-gate electrode. 

[0040] According to the present invention, since an upper 
portion of the silicide ?lm is sealed With the sealing ?lm 
such as silicon nitride or the like, the silicide ?lm is not 
exposed to an atmosphere of the oxidation even When the 
silicide ?lm is exposed to a high temperature With the result 
that the deterioration of the silicide ?lm can be prevented. 

[0041] Then, since the silicide ?lm is present on the 
source-drain region, the parasitic resistance of the source 
drain region can be reduced. 
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[0042] Furthermore, in the place of the silicide ?lm, even 
When the conductive ?lm formed of the same metal material 
as the gate electrode is formed on the source-drain region, 
the parasitic resistance of the source-drain region can be 
reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a sectional vieW shoWing a conventional 
metal gate MISFET; 

[0044] FIGS. 2A through 2E are sectional vieWs shoWing 
a method for manufacturing this conventional metal gate 
MISFET in the order of the steps thereof; 

[0045] FIG. 3 is a sectional vieW shoWing a metal gate 
MISFET according to a ?rst embodiment of the present 
invention; 
[0046] FIGS. 4A through 4E are sectional vieWs shoWing 
a method for manufacturing the metal gate MISFET accord 
ing to the ?rst embodiment of the present invention in the 
order of the steps thereof; 

[0047] FIG. 5 is a sectional vieW shoWing the metal gate 
MISFET according to a second embodiment of the present 
invention; 
[0048] FIGS. 6A through 6E are sectional vieWs shoWing 
the method for manufacturing the metal gate MISFET 
according to the second embodiment of the present inven 
tion in the order of the steps thereof; and 

[0049] FIGS. 7A through 7G are sectional vieWs shoW 
ing a method for manufacturing the metal gate MISFET 
according to a third embodiment of the present invention in 
the order of the steps thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0050] Hereinafter, preferred embodiments of the present 
invention Will be speci?cally explained by referring to the 
accompanied draWings. FIG. 3 is a sectional vieW shoWing 
a metal gate MISFET according to an embodiment of the 
present invention. FIGS. 4A through 4E are sectional vieWs 
shoWing a method for manufacturing this metal gate MIS 
FET in the order of the steps thereof. A metal-gate electrode 
12 formed of a metal material such as tungsten W or the like 
is formed via a gate insulation ?lm 15 on a semiconductor 
substrate 11. On both sides of this metal gate electrode 12, 
a side Wall insulation ?lm 13 is formed. Then, on the surface 
of the semiconductor substrate 11, a loW concentration 
source-drain region 17 is formed beloW the side Wall insu 
lation ?lm 13. Furthermore, outside of the loW concentration 
source-drain region 17, a high concentration source-drain 
region 16 is formed. Then, in this embodiment, the surface 
of the source-drain region Which surface is not covered With 
the side Wall insulation ?lm 13 is covered With a silicide ?lm 
18. This silicide ?lm 18 is, for example, a cobalt silicide 
?lm. 

[0051] Subsequently, a method for manufacturing the 
metal gate MISFET having the above structure Will be 
explained. As shoWn in FIG. 4A, on the surface of the 
semiconductor substrate 11, a dummy gate insulation ?lm 21 
is formed. Furthermore, a dummy gate electrode 20 formed 
of polysilicon or the like is selectively formed, and the side 
Wall insulation ?lm 13 is formed on the side Wall of the 
dummy gate electrode 20. This side Wall insulation ?lm 13 
can be formed of silicon nitride or the like. 
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[0052] In this manner, a MISFET structure by means of 
the dummy gate electrode is formed. Then, on a high 
concentration source-drain region 16 Which is not covered 
With the side Wall insulation ?lm 13 out of the source-drain 
region, the cobalt silicide ?lm 18 having, for example, a 
thickness of 39 nm is formed. Furthermore, the Whole 
surface of the cobalt silicide ?lm 18 is covered With a silicon 
nitride ?lm 19 having, for example, a thickness of 100 nm. 
Furthermore, in order to make planar the surface of the 
device, a thick insulation ?lm 22 is formed thereon. After 
that, the insulation ?lm 22 and the silicon nitride ?lm 19 on 
the dummy gate electrode 20 are selectively removed With 
the chemical and mechanical polishing method (CMP) to 
make planar the surface thereof. As a consequence, the 
surface of the dummy gate electrode 20 is exposed. As the 
thick insulation ?lm 22 Which is used at this step, a silicon 
oxide ?lm is generally used. 

[0053] Subsequently, as shoWn in FIG. 4B, the dummy 
gate electrode 20 is removed. Then, on the surface of the 
semiconductor substrate 11 of this gate portion, ion implan 
tation 23 is performed for determining a punch-through 
stopper and a threshold value Vt. As ion seeds for deter 
mining this threshold value Vt, boron is generally used in the 
case of nMOSFET, and phosphorus is generally used in the 
case of pMOSFET. There is a case in Which other kind of 
ions are used depending on the manufacturing steps. The 
present embodiment is not limited to the above kind of ions. 

[0054] After that, as shoWn in FIG. 4C, the dummy gate 
insulation ?lm 21 is removed. 

[0055] Subsequently, as shoWn in FIG. 4D, the gate 
insulation ?lm (oxide ?lm) 15 is formed on the surface of the 
semiconductor substrate of the gate portion by subjecting to 
oxidation the surface of the semiconductor substrate in the 
oxidation atmosphere at a temperature of, for example, 700° 
C. 

[0056] After that, a metal ?lm such as tungsten W or the 
like is formed on the Whole surface of the semiconductor 
substrate 11, a metal ?lm is embedded in the gate portion, 
and the metal ?lm is polished With the chemical and 
mechanical polishing method (CMP) thereby exposing the 
surface of the metal gate electrode 12 and completing the 
metal gate MISFET. 

[0057] In the present embodiment, at the step of gate 
oxidation (FIG. 4D), the cobalt silicide ?lm 18 is sealed 
With the silicon nitride ?lm 19 so that the cobalt silicide ?lm 
18 is not exposed to the oxidation atmosphere and the 
characteristics thereof is not deteriorated. In the absence of 
this silicon nitride ?lm 19, the cobalt silicide ?lm 18 is only 
covered With the insulation ?lm 22, and a silicon oxide ?lm 
is normally used in this insulation ?lm 22 as described 
above. Since this silicon oxide alloWs the passage of the 
oxidation seeds, the oxidation of the silicide ?lm 18 cannot 
be prevented. On the other hand, since the silicon nitride ?lm 
19 in the present embodiment does not alloW the passage of 
the oxidation seeds, the oxidation of the silicide ?lm 18 can 
be prevented. 

[0058] As a consequence, even When the silicide ?lm 18 
is exposed to a high temperature in the gate oxidation 
treatment, the silicide ?lm 18 is not exposed to the oxidation 
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atmosphere With the result that the deterioration of the 
silicide ?lm 18 can be prevented. Then, since the silicide 
?lm 18 is present on the source-drain region, the parasitic 
resistance of the source-drain region can be reduced. 

[0059] Subsequently, a second embodiment of the present 
invention Will be explained. FIG. 5 is a sectional vieW 
shoWing a metal-gate ?eld effect transistor according to the 
second embodiment of the present invention. FIGS. 6A 
through 6F are sectional vieWs shoWing the method for 
manufacturing the metal-gate ?eld effect transistor accord 
ing to the second embodiment in the order of the steps. In the 
second embodiment, on a region surrounded by a device 
isolation insulation ?lm 38 on the surface of the semicon 
ductor substrate 31, a loW concentration source-drain region 
35 and a high concentration source-drain region 34 are 
formed. On an area above a channel region, a metal gate 
electrode 32 is formed via a gate insulation ?lm 39. On the 
side Wall of the channel region, a side Wall insulation ?lm 33 
is formed. Outside of each of the side Wall insulation ?lms 
33, a conductive ?lm 37 is formed via an insulation ?lm 36. 
This conductive ?lm 37 is formed of the same metal material 
as the metal gate electrode 32. 

[0060] In the second embodiment, the silicide ?lm is not 
present on the source-drain regions 34 and 35. HoWever, the 
conductive ?lm 37 is present thereon With the result that the 
parasitic resistance of the source-drain regions 34 and 35 is 
reduced. 

[0061] Subsequently, the method for manufacturing this 
metal-gate ?eld effect transistor Will be explained. In the 
beginning, as shoWn in FIG. 6A, a dummy gate electrode 41 
and a dummy gate insulation ?lm 42 are formed. 

[0062] After that, as shoWn in FIG. 6B, after the dummy 
gate electrode 41 and the dummy insulation ?lm 42 are 
removed, ion implantation 40 is performed to form an 
implantation layer, and the gate oxidation is performed With 
the result that a gate insulation ?lm (oxide ?lm) 39 is 
formed. 

[0063] After that, as shoWn in FIG. 6C, a titanium nitride 
?lm 43 is deposited to open a region including at least 
portion of an area on the source-drain region 34. 

[0064] Subsequently, as shoWn in FIG. 6E, a barrier metal 
?lm 44 is deposited. This barrier metal ?lm 44 comprises, 
for example, a laminated body of a titanium nitride ?lm and 
a titanium ?lm located beloW the titanium nitride ?lm. The 
titanium nitride ?lm is generally used as a barrier ?lm. 
HoWever, since this titanium nitride ?lm has a poor adhe 
siveness With the insulation ?lm or the like, the titanium ?lm 
is used as a close contact layer. HoWever, it goes Without 
saying that the barrier metal ?lm 44 may be used as a single 
layer. 

[0065] After that, as shoWn in FIG. 6F, the metal gate 
electrode 32 and the conductive ?lm 37 are formed by 
simultaneously embedding the gate electrode region and the 
opening on the source-drain region With a metal such as 
tungsten or the like by means of, for example, the CVD or 
the like, thereby completing the metal gate MISFET. 

[0066] In this embodiment, the conductive ?lm 37 formed 
of the same metal material as the gate electrode is formed on 
the source-drain region at the same step as the gate elec 
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trode, the parasitic resistance of the source-drain region can 
be reduced, and the step thereof is simple, at the same time. 

[0067] Subsequently, a third embodiment of the present 
invention Will be explained. FIGS. 7A through 7G are 
sectional vieWs shoWing the method for manufacturing the 
metal-gate ?eld effect transistor according to the third 
embodiment of the present invention in the order of steps. 
The third embodiment is such that an opening on the 
source-drain region is formed in self-alignment With respect 
to a gate electrode. 

[0068] As shoWn in FIG. 7A, a dummy gate electrode 62 
and a dummy gate insulation ?lm 68 are formed on a 
semiconductor substrate 60, and a side Wall insulation ?lm 
61 is formed on the side Walls of the dummy gate electrode 
62 With silicon nitride, and a silicon nitride cap portion 63 
is formed on the dummy gate electrode 62. Furthermore, the 
source-drain region 64 is formed on the surface of the 
semiconductor substrate, and an SiO2 ?lm 65 is formed on 
a region other than the gate portion on the semiconductor 
substrate. 

[0069] After that, as shoWn in FIG. 7B, the Si02 ?lm 65 on 
the source-drain region 64 is etched and removed by using 
as a mask the silicon nitride side Wall insulation ?lm 61, and 
the silicon nitride cap portion 63 on the dummy gate 
electrode 62. As a consequence, an opening on the source 
drain region 64 is opened in self-alignment With respect to 
the gate electrode 63. 

[0070] Subsequently, as shoWn in FIG. 7C, a barrier metal 
?lm 72 such as titanium nitride ?lm or the like is formed 
With respect to the opening on the source-drain region in the 
beginning. Then, the opening is embedded With a conductive 
?lm 66 such as tungsten W or the like. After that, as shoWn 
in FIG. 7D, a sealing portion 67 of the silicon nitride sealing 
portion 67 is formed on the surface of the conductive ?lm 
66. 

[0071] After that, as shoWn in FIG. 7E, and the surface of 
the dummy gate electrode 62 is exposed by polishing the 
surface of the sealing portion 67, the dummy gate electrode 
62 is removed, and the dummy gate insulation ?lm 68 is 
removed, and ion implantation 73 is performed. 

[0072] After that, as shoWn in FIG. 7F, the surface of the 
semiconductor substrate of the exposed gate portion is 
subjected to oxidation With the result that a gate oxide ?lm 
69 is formed. 

[0073] After that, as shoWn in FIG. 7G, after a barrier 
metal ?lm 71 covers the gate portion, a metal such as 
tungsten W or the like is embedded in the gate portion, and 
a metal gate electrode 70 is formed. As a consequence, a 
metal gage MISFET is completed. In the third embodiment, 
the conductive ?lm 66 is formed on the source-drain region 
64, the parasitic resistance of the source-drain region 64 can 
be reduced. 

What is claimed is: 
1. A metal-gate ?eld effect transistor comprising: 

a semiconductor substrate; 

a metal-gate electrode on the semiconductor substrate; 

a source-drain region formed on the surface of the semi 
conductor substrate on both sides of the metal-gate 
electrode; and 
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a cobalt silicide ?lm formed on the source-drain region. 
2. A metal-gate ?eld effect transistor comprising: 

a semiconductor substrate; 

a metal-gate electrode on the semiconductor substrate; 

a source-drain region formed on the surface of the semi 
conductor substrate on both sides of the metal-gate 
electrode; and 

a conductive ?lm formed of the same material as the metal 
gate electrode Which is formed on the source-drain 
region. 

3. A method for manufacturing a metal-gate ?eld effect 
transistor comprising the steps of: 

forming a source-drain region on a surface of a semicon 
ductor substrate, a dummy gate electrode and a dummy 
gate insulation ?lm on the semiconductor substrate, and 
a silicide ?lm on the source-drain region; 

forming a sealing ?lm on the silicide ?lm; 

removing the dummy gate electrode and the dummy gate 
insulation ?lm; 

subjecting to oxidation the surface of the semiconductor 
substrate of the gate portion to form a gate oxide ?lm; 
and 

embedding a metal material in the gate portion to form a 
metal-gate electrode. 

4. Ametal-gate ?eld effect transistor according to claim 3, 
Wherein the sealing ?lm is formed of silicon nitride. 

5. A method for manufacturing a metal-gate ?eld effect 
transistor comprising the steps of: 

forming a source-drain region of the surface of a semi 
conductor substrate, and a dummy gate electrode and a 
dummy gate insulation ?lm on the semiconductor sub 
strate; 

removing the dummy gate electrode and the dummy gate 
insulation ?lm; 

subjecting to oxidation the surface of the substrate of the 
gate portion to form a gate oxide ?lm; 

depositing a titanium nitride ?lm; 

opening a region including at least portion of an area on 
the source-drain region; 

depositing a barrier metal ?lm; and 

simultaneously embedding the gate portion and the open 
ing on the source-drain region With metal to form a 
metal-gate electrode. 

6. A method for manufacturing a metal-gate ?eld effect 
transistor comprising the steps of: 

forming a source-drain region of a surface of a semicon 
ductor substrate, and a dummy gate electrode, a dummy 
gate insulation ?lm and an silicon oxide ?lm on the 
semiconductor substrate; 

forming a ?rst sealing ?lm on the dummy gate electrode; 

etching in self-alignment a silicon oxide ?lm on the 
source-drain region With respect to the gate electrode 
by using as a mask the side Wall insulation ?lm and the 
sealing ?lm; 
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embedding an opening on the source-drain region With 
metal to form a conductive ?lm; 

forming a second sealing ?lm on the surface of the 
conductive ?lm; 

exposing the surface of the dummy gate electrode; 

removing the dummy gate electrode and the dummy gate 
insulation ?lm and subjecting to oxidation the surface 
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of the semiconductor substrate of the gate portion 
thereby forming a gate oXide ?lm and embedding the 
gate portion to form a metal-gate electrode. 

7. A method for manufacturing the metal-gate ?eld effect 
transistor according to claim 6, Wherein the ?rst and the 
second sealing portions are formed of silicon nitride. 


