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lating ?lm, as a basic constituent in a boundary surface 
between the precursor ?lm and the insulating ?lm, and mov 
ing the predetermined metallic element unreacted into the 
Wiring formation ?lm through diffusion to cause the prede 
termined metallic element unreacted to react With oxygen 
contained in the oxidation ambient atmosphere on a surface of 
the Wiring formation ?lm, thereby precipitating an unreacted 
metallic oxide ?lm including the predetermined metallic ele 
ment; forming the same material as that of the Wiring forma 
tion ?lm on the Wiring formation ?lm after the unreacted 
metallic oxide ?lm is removed; and ?attening the Wiring 
formation ?lm until a portion of the insulating ?lm located 
outside the recess portion is exposed. 
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METHOD OF FABRICATING 
SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of and claims the 
bene?t of priority from US. Ser. No. 11/956,868, ?led Dec. 
14, 2007, Which claims the bene?t of priority from Japanese 
Patent Application No. 2006-340506, ?led on Dec. 18, 2006, 
the entire contents of each of Which are incorporated herein 
by reference. 

BACKGROUND 

[0002] A method of fabricating a semiconductor device 
having a Wiring structure in Which a barrier ?lm for prevent 
ing diffusion of Cu is formed in a self-aligned manner 
betWeen a Wiring main body layer containing therein Cu as a 
basic constituent and an interlayer insulating ?lm is knoWn as 
a conventional method of fabricating a semiconductor device. 

BRIEF SUMMARY 

[0003] A method of fabricating a semiconductor device 
according to one embodiment includes: forming a precursor 
?lm containing therein a predetermined metallic element on a 
surface of a recess portion formed in an insulating ?lm on a 
semiconductor substrate; forming a Wiring formation ?lm on 
the precursor ?lm; performing a heat treatment in an oxida 
tion ambient atmosphere to cause the precursor ?lm and the 
insulating ?lm to react With each other, thereby forming a 
self-formed barrier ?lm containing a compound, containing 
therein the predetermined metallic element and a constituent 
element of the insulating ?lm, as a basic constituent in a 
boundary surface betWeen the precursor ?lm and the insulat 
ing ?lm, and moving the predetermined metallic element 
unreacted into the Wiring formation ?lm through diffusion to 
cause the predetermined metallic element unreacted to react 
With oxygen contained in the oxidation ambient atmosphere 
on a surface of the Wiring formation ?lm, thereby precipitat 
ing an unreacted metallic oxide ?lm including the predeter 
mined metallic element; forming the same material as that of 
the Wiring formation ?lm on the Wiring formation ?lm after 
the unreacted metallic oxide ?lm is removed; and ?attening 
the Wiring formation ?lm until a portion of the insulating ?lm 
located outside the recess portion is exposed. 
[0004] A method of fabricating a semiconductor device 
according to another embodiment includes: forming a precur 
sor ?lm containing therein a predetermined metallic element 
on a surface of a recess portion formed in an insulating ?lm on 
a semiconductor substrate; forming a Wiring formation ?lm 
on the precursor ?lm; performing a heat treatment to cause the 
precursor ?lm and the insulating ?lm to react With each other, 
thereby forming a self-formed barrier ?lm containing a com 
pound, containing therein the predetermined metallic ele 
ment and a constituent element of the insulating ?lm, as a 
basic constituent in a boundary surface betWeen the precursor 
?lm and the insulating ?lm, and diffusing the predetermined 
metallic element unreacted into the Wiring formation ?lm; 
reducing a thickness of the Wiring formation ?lm by remov 
ing a part of the Wiring formation ?lm after the self-formed 
barrier ?lm is formed and the predetermined metallic element 
unreacted is diffused into the Wiring formation ?lm; perform 
ing a heat treatment in an oxidation ambient atmosphere, after 
the thickness of the Wiring formation ?lm is reduced, to cause 
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the predetermined metallic element diffused into the Wiring 
formation ?lm to reactive With oxygen in the oxidation ambi 
ent atmosphere on a surface of the Wiring formation ?lm, 
thereby precipitating an unreacted metallic oxide ?lm includ 
ing the predetermined metallic element; and ?attening the 
Wiring formation ?lm, until a portion of the insulating ?lm 
located outside the recess portion is exposed, after the unre 
acted metallic oxide ?lm is removed. 

[0005] A method of fabricating a semiconductor device 
according to still another embodiment includes: forming a 
precursor ?lm containing therein a predetermined metallic 
element on a surface of a recess portion formed in an insulat 

ing ?lm on a semiconductor substrate; forming a Wiring for 
mation ?lm on the precursor ?lm; performing a heat treat 
ment to cause the precursor ?lm and the insulating ?lm to 
react With each other, thereby forming a self-formed barrier 
?lm containing a compound, containing therein the predeter 
mined metallic element and a constituent element of the insu 
lating ?lm, as a basic constituent in a boundary surface 
betWeen the precursor ?lm and the insulating ?lm, and dif 
fusing the predetermined metallic element unreacted into the 
Wiring formation ?lm; ?attening the Wiring formation ?lm, 
until a portion of the insulating ?lm located outside the recess 
portion is exposed, after the self-formed barrier ?lm is formed 
and the predetermined metallic element unreacted is diffused 
into the Wiring formation ?lm; and performing a heat treat 
ment in an oxidation ambient atmosphere, after the Wiring 
formation ?lm is ?attened, to cause the predetermined metal 
lic element diffused into the Wiring formation ?lm to react 
With oxygen in the oxidation ambient temperature on a sur 
face of the Wiring formation ?lm, causing the reaction to 
progress to an inside of the self-formed barrier ?lm to pre 
cipitate an unreacted metallic oxide ?lm including the prede 
termined metallic element on an upper surface of the Wiring 
formation ?lm and a side surface near the upper surface of the 
Wiring formation ?lm, and rounding an end portion of the 
upper surface of the Wiring formation ?lm. 

BRIEF DESCRIPTION OF THE DRAWING 

[0006] FIGS. 1A to 1H are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to a ?rst embodiment; 

[0007] FIGS. 2A to 2F are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to a second embodiment; 

[0008] FIGS. 3A to 3D are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to a third embodiment; 

[0009] FIG. 4 is a graph representing leakage current char 
acteristics of the Wiring structure in the semiconductor device 
fabricated by utiliZing the method according to the third 
embodiment; 
[0010] FIGS. 5A and 5B are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to a fourth embodiment; 

[0011] FIG. 6 is a cross sectional vieWs shoWing a process 
for fabricating a Wiring structure in a semiconductor device 
according to a ?fth embodiment; 
[0012] FIG. 7 is a cross sectional vieWs shoWing a process 
for fabricating a Wiring structure in a semiconductor device 
according to a sixth embodiment; 
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[0013] FIGS. 8A and 8B are respectively cross sectional 
vieWs showing processes for fabricating a Wiring structure in 
a semiconductor device according to a seventh embodiment; 
and 
[0014] FIGS. 9A and 9B are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to an eighth embodiment. 

DETAILED DESCRIPTION 

[0015] In each of embodiments Which Will be described 
beloW, a description Will noW be given With respect to a 
method of fabricating a semiconductor device having a dual 
damascene Wiring structure in Which Wirings and vias are 
covered With a self-formed barrier ?lm. 
[0016] A Wiring is made of a material containing therein Cu 
as a basic constituent (50 atomic % or more of the totality), 
and a self-formed barrier ?lm is made of a material containing 
therein any one of otSixOy, (XCxOy and (XFxOy (x, y: real 
numbers), each containing therein a predetermined metallic 
element 0t, as a basic constituent. Here, the predetermined 
metallic element a is any one of Mn, V, Zn, Nb, Zr, Cr, Y, Tc 
and Re. 

[0017] In addition, a ?lm containing therein the predeter 
mined metallic element 0t is used as a precursor ?lm for 
formation of the self-formed barrier ?lm. 
[0018] Note that, it is preferable that the predetermined 
metallic element 0t is Mn, the self-formed barrier ?lm is made 
of MnSixOy, and the precursor ?lm is made of a CuMn alloy. 

First Embodiment 

[0019] FIGS. 1A to 1H are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to a ?rst embodiment. 

[0020] Firstly, as shoWn in FIG. 1A, a ?rst barrier ?lm 4a, 
a second interlayer insulating ?lm 5, a second barrier ?lm 6, 
an upper ?rst interlayer insulating ?lm 2b, and a cap layer 3b 
are laminated in order on the ?rst interlayer insulating ?lm 2a 
and a cap layer 311 in Which a ?rst Wiring 11, having a side 
surface and a bottom surface covered With a self-formed 
barrier ?lm 12a, is formed. 
[0021] Here, each of the ?rst interlayer insulating ?lms 2a 
and 2b can be formed of an organic insulating ?lm, having a 
loW relative permittivity, such as polyarylenether (PAr). The 
?rst interlayer insulating ?lm 2b on the second barrier ?lm 6, 
for example, has a thickness of 50 nm. 

[0022] Each of the cap layers 3a and 3b can be formed of an 
inorganic insulating ?lm Which is made of SiO2 or the like, 
and Which, for example, has a thickness of 50 to 80 nm. 
[0023] The ?rst barrier ?lm 411 can be formed of an inor 
ganic insulating ?lm Which is made of SiCN, SiC or the like, 
and Which, for example, has a thickness of 10 to 30 nm. It is 
noted that the ?rst barrier ?lm 4a serves to prevent diffusion 
of Cu contained in the ?rst Wiring 11, and also functions as an 
etching stopper in a phase of formation of the Wiring. 
[0024] The second interlayer insulating ?lm 5 can be 
formed of an inorganic insulating ?lm Which is made of SiOC 
or the like, and Which, for example, has a thickness of 50 nm. 
[0025] The second barrier ?lm 6 can be formed of an inor 
ganic insulating ?lm Which is made of SiOC or the like and 
Which, for example, has a thickness of 10 nm. It is noted that 
the second barrier ?lm 6 functions as an etching stopper in the 
phase of formation of the Wiring. 
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[0026] Note that, When the self-formed barrier ?lm 12b 
formed in a subsequent process is made of otSixOy, the ?rst 
barrier ?lm 4a, the second interlayer insulating ?lm 5, the 
second barrier ?lm 6, the ?rst interlayer insulating ?lm 2b, 
and the cap layer 3b may be formed of insulating ?lms each 
containing therein Si, respectively. In addition, When the self 
formed barrier ?lm 12b is made of either (XCxOy or (XFxOy, the 
?rst barrier ?lm 4a, the second interlayer insulating ?lm 5, the 
second barrier ?lm 6, the ?rst interlayer insulating ?lm 2b, 
and the cap layer 3b may be formed of insulating ?lms each 
containing therein either C or F. 
[0027] Next, as shoWn in FIG. 1B, a Wiring trench (recess 
portion) 13 for formation of a second Wiring 17 and a via 18 
Which Will be described later by utiliZing a suitable etching 
method. 
[0028] Next, as shoWn in FIG. 1C, a precursor ?lm 14 is 
formed by a sputtering method, a chemical vapor deposition 
(CVD) method or the like so as to cover portions of the ?rst 
barrier ?lm 4a, the second interlayer insulating ?lm 5, the 
second barrier ?lm 6, the ?rst interlayer insulating ?lm 2b, 
and the cap layer 3b Which are exposed from the Wiring trench 
13. 
[0029] Here, the precursor ?lm 14, for example, is made of 
a CuMn alloy (having an Mn concentration of 4 to 10 atomic 
%) Which has a thickness of 20 to 90 nm. 
[0030] Next, as shoWn in FIG. ID, a Wiring formation ?lm 
15 is deposited on the precursor ?lm 14 by a suitable plating 
method using the precursor ?lm 14 as a seed layer, the CVD 
method or the like. 

[0031] Here, the Wiring formation ?lm 15, for example, is 
made of Cu Which has a thickness from a surface of the 
precursor ?lm 14 on the cap layer 3b falling in the range of 10 
to 110 nm. 

[0032] Next, as shoWn in FIG. 1E, a heat treatment, for 
example, is performed at 200 to 4000 C. for 5 to 60 minutes in 
an oxidation ambient atmosphere, Which results in that the 
precursor ?lm 14 reacts With each of the ?rst barrier ?lm 4a, 
the second interlayer insulating ?lm 5, the second barrier ?lm 
6, the ?rst interlayer insulating ?lm 2b, and the cap layer 3b, 
so that the self-formed barrier ?lm 12b is formed in a self 
aligned manner. At this time, When a thickness, of the Wiring 
formation ?lm 15, from the surface of the precursor ?lm 14 on 
the cap layer 3b is not smaller than 10 nm, cohesion of the 
Wiring formation ?lm 15 due to the heat treatment hardly 
occurs. 

[0033] On the other hand, predetermined metallic elements 
0t unreacted Within the precursor ?lm 14 diffuse into and 
move Within the Wiring formation ?lm 15, so that an unre 
acted metallic oxide ?lm 16, including predetermined metal 
lic elements 0t, precipitates on the surface of the Wiring for 
mation ?lm 15. At this time, When a thickness, of the Wiring 
formation ?lm 15, from the surface of the precursor ?lm 14 on 
the cap layer 3b exceeds 1 10 nm, a precipitation of the unre 
acted predetermined metallic elements ot may not progress 
and thus a large quantity of unreacted predetermined metallic 
element 0t may remain in the Wiring formation ?lm 15 
because of an increase in distance of the movement of the 
predetermined metallic elements 0t to the surface of the Wir 
ing formation ?lm 15. 
[0034] When the precursor ?lm 14 is made of a CuMn alloy, 
and the self-formed barrier ?lm 12b is made of MnSixOy, an 
MnSixOy ?lm having a thickness of about 2 to about 10 nm is 
formed in the form of the self-formed barrier ?lm 12b from 
Mn contained in the precursor ?lm 14, and Si and 0 contained 
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in each of the second interlayer insulating ?lm 5, the second 
barrier ?lm 6, the cap layer 3b and the like. It is noted that Cu 
contained in the precursor ?lm 14 diffuses into the Wiring 
formation ?lm 15. 
[0035] In addition, unreacted Mn contained in the precur 
sor ?lm 14 diffuses into and moves Within the Wiring forma 
tion ?lm 15, so that the unreacted metallic oxide ?lm 16 
precipitates in the form of an MnO,C (x: a real number) ?lm on 
the surface of the Wiring formation ?lm 15. In this case, about 
0.04 atomic % Mn is contained in the Wiring formation ?lm 
15 intended to become a Cu Wiring. Thus, a speci?c resistance 
further increases in the Wiring formation ?lm 15 than in a 
Wiring formation ?lm containing therein no Mn by about 0.14 
uQ/cm. The increase in speci?c resistance hardly becomes a 
problem in actual use. It is noted that When about 0.05 atomic 
% or less Mn is contained in the Wiring formation ?lm 15, an 
increase in speci?c resistance becomes no problem. In addi 
tion thereto, it is possible to obtain the high reliability against 
the electromigration and the stress voids because Mn impedes 
the movement of Cu. 
[0036] Next, as shoWn in FIG. IF, the unreacted metallic 
oxide ?lm 16 is removed by using an acid such as a hydro 
chloric acid, and the Wiring formation ?lm 15 is further 
formed so as to be stacked on the previous Wiring formation 
?lm 15 by a suitable plating method, the CVD method or the 
like to have a thickness enough to permit chemical mechani 
cal polishing (CMP) to be performed in a subsequent process, 
for example, to have up to the thickness of 0.8 to 1.5 um. Note 
that, the thickness of the stacked Wiring formation ?lm 15 is 
preferably larger than that of the unreacted metallic oxide ?lm 
16 thus removed. The reason for this is because if the thick 
ness of the stacked Wiring formation ?lm 15 is permitted to be 
smaller than that of the unreacted metallic oxide ?lm 16, the 
Wiring formation ?lm 15 does not have the thickness enough 
to permit the CMP to be performed even after the Wiring 
formation ?lm 15 is stacked on the previous Wiring formation 
?lm 15. 
[0037] Next, as shoWn in FIG. 1G, by performing the CMP 
With the cap layer 3b as a stopper, the Wiring formation ?lm 15 
is ?attened until the cap layer 3b is exposed, thereby forming 
a second Wiring 17, and a via 18 through Which the ?rst Wiring 
11 and the second Wiring 17 are connected to each other. In 
addition, the self-formed barrier ?lm 12b formed on the cap 
layer 3b is removed through the CMP process. 
[0038] Next, as shoWn in FIG. 1H, the ?rst barrier ?lm 4b is 
formed on the second Wiring 17 and the cap layer 3b. While 
not illustrated in the ?gure, an insulating ?lm and the like are 
formed as upper layers, thereby forming a semiconductor 
device 1. 
[0039] According to the ?rst embodiment, the unreacted 
metallic oxide ?lm 16 is precipitated after the Wiring forma 
tion ?lm 15 is formed so that its thickness from the surface of 
the precursor ?lm 14 on the cap layer 3b falls in the range of 
10 to 110 nm, Which results in that the quantity of unreacted 
predetermined metallic element 0t remaining in the Wiring 
formation ?lm 15 can be suppressed, and thus it is possible to 
obtain the high reliability against the electromigration and the 
stress voids Without hardly increasing the speci?c resistance 
of the second Wiring 17. 
[0040] It is noted that the ?rst Wiring 11 can be formed in 
the same manner as that for the second Wiring 17. 

Second Embodiment 

[0041] A second embodiment is different from the ?rst 
embodiment in that the unreacted metallic oxide ?lm 16 is 
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precipitated after the Wiring formation ?lm 15 is ?attened 
through the CMP process. Note that, the same respects, such 
as the constitutions and the like of other portions, as those in 
the ?rst embodiment are omitted here in their descriptions for 
the sake of simplicity. 
[0042] FIGS. 2A to 2F are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to the second embodiment. 

[0043] Firstly, there is performed up to the process for 
forming the precursor ?lm 14 as shoWn in FIG. 1C in the ?rst 
embodiment. 

[0044] Next, as shoWn in FIG. 2A, the Wiring formation 
?lm 15 is deposited on the precursor ?lm 14 by utiliZing the 
suitable plating method, the CVD method or the like using the 
precursor ?lm 14 as a seed layer. Here, the Wiring formation 
?lm 15 is formed to have a thickness enough to permit the 
CMP to be performed in the subsequent process, for example, 
to have a thickness from the surface of the precursor ?lm 14 
on the cap layer 3b falling in the range of 1 to 1.5 pm. 

[0045] Next, as shoWn in FIG. 2B, a heat treatment, for 
example, is performed at 200 to 4000 C. for 5 to 60 minutes, 
preferably, in a reduction ambient atmosphere, Which results 
in that the precursor ?lm 14 reacts With each of the ?rst barrier 
?lm 4a, the second interlayer insulating ?lm 5, the second 
barrier ?lm 6, the ?rst interlayer insulating ?lm 2b, and the 
cap layer 3b to turn into the self-formed barrier ?lm 12b. It is 
noted that at this time point, the unreacted predetermined 
metallic elements 0t Which are contained in the precursor ?lm 
14 is in a state of diffusing into the Wiring formation ?lm 15, 
and thus does not yet precipitate in the form of the unreacted 
metallic oxide ?lm 1 6 . Although the unreacted predetermined 
metallic elements 0t may be permitted to precipitate in the 
form of the unreacted metallic oxide ?lm 16, it is di?icult for 
a suf?cient quantity of metallic element 0t to precipitate in the 
form of the unreacted metallic oxide ?lm 16 because the 
Wiring formation ?lm 15 is too thick for the predetermined 
metallic elements 0t diffused into the Wiring formation ?lm 15 
to e?iciently move to the surface of the Wiring formation ?lm 
15. 

[0046] Next, as shoWn in FIG. 2C, the thickness of the 
Wiring formation ?lm 15 is reduced to the middle thereof 
through the CMP process. For example, the Wiring formation 
?lm 15 is scraped until its thickness from the surface of the 
self-formed barrier ?lm 12b on the cap layer 3b falls in the 
range of 10 to 110 nm. 

[0047] Next, as shoWn in FIG. 2D, a heat treatment, for 
example, is formed at 200 to 4000 C. for 5 to 60 minutes in an 
oxidation ambient atmosphere, thereby precipitating the 
unreacted metallic oxide ?lm 16 on the surface of the Wiring 
formation ?lm 15. 

[0048] Next, as shoWn in FIG. 2E, after the unreacted 
metallic oxide ?lm 16 is removed by using an acid such as a 
hydrochloric acid, the CMP is performed With the cap layer 
3b as a stopper to ?atten the Wiring formation ?lm 15 until the 
cap layer 3b is exposed, thereby forming the second Wiring 
17, and the via 18 through Which the ?rst Wiring 11 and the 
second Wiring 17 are connected to each other. In addition, the 
self-formed barrier ?lm 12b on the cap layer 3b is removed 
through the CMP process. 
[0049] Note that, at this time, by using an acidic CMP 
slurry, the removal of the unreacted metallic oxide ?lm 16, 
and the ?attening of the Wiring formation ?lm 15 can be 
continuously performed through the CMP process. 
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[0050] Next, as shown in FIG. 2F, the ?rst barrier ?lm 4b is 
formed on the second Wiring 17 and the cap layer 3b. More 
over, While not illustrated in the ?gure, the insulating ?lm and 
the like are formed as the upper layers, thereby forming the 
semiconductor device 1. 
[0051] According to the second embodiment, although the 
different fabricating method is utilized, the same effects as 
those of the ?rst embodiment can be obtained. 

Third Embodiment 

[0052] A third embodiment is different from the second 
embodiment in that the unreacted metallic oxide ?lm 16 is 
precipitated after the CMP is performed for the Wiring for 
mation ?lm 15 until the surface of the cap layer 3b is exposed. 
It is noted that the same respects, such as the constitutions and 
the like of other portions, as those in the second embodiment 
are omitted here in their descriptions for the sake of simplic 
ity. 
[0053] FIGS. 3A to 3D are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to the third embodiment. 
[0054] Firstly, there is performed up to the process for 
forming the self-formed barrier ?lm 12 to diffuse the unre 
acted predetermined metallic elements ot into the Wiring for 
mation ?lm 15 as shoWn in FIG. 2B in the second embodi 
ment. 

[0055] Next, as shoWn in FIG. 3A, the CMP is performed 
With the cap layer 3b as the stopper to ?atten the Wiring 
formation ?lm 15 until the cap layer 3b is exposed. In addi 
tion, the self-formed barrier ?lm 12b on the cap layer 3b is 
removed through the CMP process. 
[0056] Next, as shoWn in FIG. 3B, the heat treatment, for 
example, is performed at 200 to 4000 C. for 5 to 60 minutes in 
the oxidation ambient atmosphere, thereby precipitating the 
unreacted metallic oxide ?lm 16 on the surface of the Wiring 
formation ?lm 15. At this time, since the self-formed barrier 
?lm 12b contains therein the predetermined metallic ele 
ments 0t and oxygen constituting the unreacted metallic oxide 
?lm 16, the reaction for formation of the unreacted metallic 
oxide ?lm 16 progresses to the self-formed barrier ?lm 12b. 
As a result, a peripheral portion of the unreacted metallic 
oxide ?lm 16 has a shape of extending doWnWard along the 
cap layer 3b. 
[0057] When the unreacted metallic oxide ?lm 16 is made 
of MnOx, and the self-formed barrier ?lm 12b is made of 
MnSixOy, the reaction for formation of MnO,C progresses to 
the inside of the self-formed barrier ?lm 12b because the 
self-formed barrier ?lm 12b contains therein Mn and 0. As a 
result, the second Wiring 17 having a rounded shape in its 
upper surface end portion, and the via 18 through Which the 
?rst Wiring 11 and the second Wiring 17 are connected to each 
other are formed. 

[0058] Next, as shoWn in FIG. 3C, the unreacted metallic 
oxide ?lm 16 is removed by using an acid such as a hydro 
chloric acid. 
[0059] Next, as shoWn in FIG. 3D, the ?rst barrier ?lm 4b is 
formed on the second Wiring 17 and the cap layer 3b. More 
over, While not illustrated in the ?gure, the insulating ?lm and 
the like are formed as the upper layers, thereby forming the 
semiconductor device 1. 
[0060] It is noted that the unreacted metallic oxide ?lm 16 
may not be removed because it is the insulating ?lm. In this 
case, the ?rst barrier ?lm 4b is formed on the unreacted 
metallic oxide ?lm 16. 
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[0061] According to the third embodiment, formation of 
the second Wiring 17 having the rounded shape in its upper 
surface end portion makes it possible to suppress concentra 
tion of an electric ?eld on the upper surface end portion. In 
addition, the upper surface of the second Wiring 17 is made 
different in height from that of the cap layer 3b, thereby 
making it possible to reduce a leakage current. 
[0062] It is noted that the ?rst Wiring 11 can be formed by 
utilizing the same method as that for the second Wiring 17. 
[0063] FIG. 4 is a graph representing leakage current char 
acteristics of the Wiring structure in the semiconductor device 
fabricated by utilizing the method of the third embodiment. In 
the ?gure, a loWer curve represents the characteristics of the 
Wiring having the rounded shape in its upper surface end 
portion fabricated by utilizing the method of the third 
embodiment, While an upper curve represents the character 
istics of the conventional Wiring having no rounded shape in 
its upper surface end portion. Each of the upper and loWer 
curves represents a relationship betWeen a magnitude of an 
electric ?eld (plotted on an axis of ordinate in FIG. 4) occur 
ring across the adjacent tWo Wirings, and a magnitude of a 
leakage current (plotted on an axis of abscissa in FIG. 4). 
[0064] As apparent from FIG. 4, the conventional Wiring 
having no rounded shape in its upper surface end portion 
shoWs the characteristics in Which a breakdoWn is generated 
When the magnitude of the electric ?eld exceeds about 3.8 
MV/cm, so that the magnitude of the leakage current rises 
suddenly. On the other hand, the Wiring having the rounded 
shape in its upper surface end portion shoWs the characteris 
tics in Which the magnitudes of the leakage currents are 
generally smaller than those in the conventional Wiring struc 
ture, and also no breakdoWn is generated Within this measure 
ment range. 

Fourth Embodiment 

[0065] A fourth embodiment is different from the third 
embodiment in that the unreacted metallic oxide ?lm 16 is 
precipitated after the ?rst barrier ?lm 4b is formed on the 
Wiring formation ?lm 15. It is noted that the same respects, 
such as the constitutions and the like of other portions, as 
those in the third embodiment are omitted herein in their 
descriptions for the sake of simplicity. 
[0066] FIGS. 5A and 5B are respectively cross sectional 
vieWs shoWing processes for fabricating a Wiring structure in 
a semiconductor device according to the fourth embodiment. 
[0067] Firstly, there is performed up to the process for 
performing the CMP for the Wiring formation ?lm 15 With the 
cap layer 3b as the stopper as shoWn in FIG. 3A in the third 
embodiment. 
[0068] Next, as shoWn in FIG. 5A, the ?rst barrier ?lm 4b is 
formed on the Wiring formation ?lm 15 and the cap layer 3b. 
[0069] Next, as shoWn in FIG. 5B, the heat treatment, for 
example, is performed at 200 to 4000 C. for 5 to 60 minutes in 
the oxidation ambient atmosphere, thereby precipitating the 
unreacted metallic oxide ?lm 16 on the surface of the Wiring 
formation ?lm 15. At this time, since the self-formed barrier 
?lm 12b contains therein the predetermined metallic ele 
ments 0t and oxygen constituting the unreacted metallic oxide 
?lm 16, the reaction for formation of the unreacted metallic 
oxide ?lm 16 progresses to the self-formed barrier ?lm 12b. 
As a result, the peripheral portion of the unreacted metallic 
oxide ?lm 16 has a shape of extending doWnWard along the 
cap layer 3. Moreover, While not illustrated in the ?gure, the 








