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SEMCONDUCTOR DEVICE HAVING CAPACTOR 
FORMED IN MULTILAYER WIRING STRUCTURE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2002-218399, filed Jul. 26, 2002, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention relates to a semiconductor 
device, and in particular, to a semiconductor device having 
a capacitor formed in a multilayer wiring structure. 
0004 2. Description of the Related Art 

1. Field of the Invention 

0005 Various semiconductor devices having a multilayer 
wiring structure are used. It is known that recent intercon 
nection wiring used in the multilayer wiring structure of 
Such a semiconductor device are composed of materials such 
as aluminum (A1) and copper (Cu). Different methods are 
used to form the interconnection wiring depending on 
whether or not these materials can be easily subjected to 
exposure, etching, or the like. In particular, if copper is used 
for the inter-connection wiring, it has the advantages of 
offering Smaller resistance than aluminum, hindering elec 
tromigration more excellently than aluminum, and the like. 
While, if copper is used for the inter-connection wiring, it is 
known to be disadvantages in that it is diffused in silicon (Si) 
and silicon oxide (SiO) at a very high rate, in that it cannot 
be formed into a film properly using a CVD process, and in 
that it cannot be dry-etched. 
0006 Thus, a single damascene process or a dual dama 
scene process is used to form the copper interconnection 
wiring, in order to be realized the advantages of the copper 
as used in the interconnection wiring, while effectively 
eliminating the disadvantages of copper as formed in the 
silicon (Si) and silicon oxide (SiO2). In particular, using the 
dual damascene process, a via hole and a wiring groove 
portion connected to the via hole can be sequentially etched 
in an insulating film in a multilayer wiring layer. Subse 
quently, copper can be buried in the via hole and the wiring 
groove portion at the same time. The dual damascene 
process reduces the number of processes executed, thus 
enabling manufacturing costs to be reduced. 
0007 On the other hand, for capacitors used in analog 
circuits or the like, what is called a “MIM capacitor, 
composed of a metal film, a dielectric film, and a metal film, 
has been used in place of a polysilicon capacitor in order to 
improve capacitive accuracy. Description will be given 
below of an example of a conventional process of forming 
Such a semiconductor device. 

0008 Such a semiconductor device has a multilayer 
wiring structure including, for example, a MOS transistor 
formed on a semiconductor Substrate. The semiconductor 
device has a MIM capacitor formed in a predetermined 
wiring later in this multilayer wiring structure. 
0009. When a semiconductor device having such a struc 
ture is manufactured, first, a gate insulating film and a gate 
electrode of a MOS transistor are sequentially formed, by 

Oct. 4, 2007 

exposure and etching, on a semiconductor Substrate between 
element isolation insulating films formed in the Substrate. 
Then, an impurity ion injecting process is executed to form 
Source/drain areas in the semiconductor Substrate on the 
both sides of the gate insulating film and the gate electrode. 
Subsequently, a CVD process is used to form a first inter 
layer insulating film of SiO2 covering the whole semicon 
ductor Substrate including the gate insulating film and the 
gate electrode. Then, the surface of the first interlayer 
insulating film is flattened using a CMP process. 
0010) Subsequently, the first interlayer insulating film 
located on one of the Source/drain areas is etched so as to 
form a contact hole. Thus, a contact is formed which 
contacts with the top Surface of the Source? drain area. 
Furthermore, a second interlayer insulating film is deposited 
on the first interlayer insulating film. Then, a first wiring 
groove is etched in the second interlayer insulating film so 
as to connect to the contact. Copper is buried in the first 
wiring groove and then flattened using the CMP process, to 
form a first copper wiring. Then, a first copper diffusion 
stopper layer is deposited on the first copper wiring formed 
in the first interlayer insulating film. 
0011. Then, in an area of the semiconductor substrate 
different from that in which the MOS transistor has been 
formed, on the first copper diffusion stopper layer, a lower 
metal film (of a lower electrode), a dielectric film, an upper 
metal film (of an upper electrode), and a cap material film 
are sequentially deposited as a MIM capacitor. 
0012 Subsequently, the cap material film and the upper 
metal film are etched in order to form the upper electrode. 
Furthermore, the dielectric film and the lower metal film are 
etched in order to form the lower electrode. Then, a third 
interlayer insulating film is formed so as to cover all of the 
lower electrode, the dielectric film, the upper electrode, and 
the cap material film. 
0013 Subsequently, a wiring groove is formed in the 
third interlayer insulating film so as to connect to the upper 
electrode. Further, a via hole is formed in the third interlayer 
insulating film. The via hole leads to the lower electrode. A 
wiring groove is also formed which is connected to the via 
hole. In this case, a via hole and a wiring groove connected 
to the via hole may also be formed, as required, in the third 
interlayer insulating film formed on the area in which the 
MOS transistor is formed. Copper is deposited in these via 
holes and wiring grooves at the same time. 
0014 Subsequently, fourth and fifth wiring layers having 
similar configurations are formed on the third interlayer 
insulating film as required. 

0015 These steps complete a semiconductor device hav 
ing a multilayer wiring structure in which a capacitor and 
copper wrings are formed in the wiring layers. 
0016. In the conventional manufacturing process for the 
conventional semiconductor device as described above, 
when a copper wiring is formed on the upper electrode of the 
MIM capacitor, the etching of the wiring groove may 
expose, undesirably, a part of the upper electrode or the 
etching may further proceed to expose even a part of the 
lower electrode. As a result, the copper wiring layer may 
undesirably be connected to the upper electrode or the lower 
electrode. Furthermore, even if the upper and lower elec 
trodes are avoided to be exposed, if the wiring groove is 
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etched down to the vicinity of either of these electrodes, then 
the copper wiring formed in this wiring groove may stress 
the electrodes, resulting in a crack thereof. As a result, the 
upper and lower electrodes may be short-circuited via the 
copper wiring to cause a leakage current. In other cases, a 
crack in the electrode may cause a defect in connections to 
degrade the functions of the MIM capacitor. 

BRIEF SUMMARY OF THE INVENTION 

0017 According to one aspect of the present invention, 
there is provided a semiconductor device having a capacitor 
formed in a multilayer wiring structure, the semiconductor 
device comprising a plurality of wiring layers formed on a 
Substrate, a capacitor arranged in one of the wiring layers 
and having a lower electrode, a dielectric film, and an upper 
electrode, a first via formed in the one wiring layer and 
connected to a top Surface of at least the upper electrode of 
the capacitor, and a second via formed in an overlying 
wiring layer stacked on the one wiring layer so that the 
second via is formed on the first via. 

0018. According to another aspect of the present inven 
tion, there is provided a semiconductor device having a 
capacitor formed in a multilayer wiring structure, the semi 
conductor device comprising at least one impurity diffusion 
layer formed in a first area of a semiconductor Substrate; a 
plurality of wiring layers stacked on the semiconductor 
Substrate and including a first wiring layer having a contact 
connected to the impurity diffusion layer and a first wiring 
buried so as to connect to the contact; a capacitor formed in 
one of the plurality of wiring layers on a second area 
different from the first area of the semiconductor substrate, 
the capacitor having a stacked structure of a lower electrode, 
a dielectric film, and an upper electrode; a first via formed 
on at least the upper electrode in the one wiring layer; an 
upper wiring layer having an interlayer insulating film 
stacked on the one wiring layer, a second via formed in the 
interlayer insulating film to be connected to the first via, and 
formed to be thinner than the first via, and a second wiring 
connected to the second via and buried in a surface portion 
of the upper wired layer. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.019 FIG. 1 is a sectional view showing the structure of 
a semiconductor device including a MIM capacitor formed 
in a wiring layer according to an embodiment of the present 
invention; 

0020 FIG. 2 is a sectional view of a multilayer wiring 
layer structure including a MOS type element formed in an 
area of the semiconductor substrate different from the area 
in which the MIM capacitor shown in FIG. 1 is formed; 
0021 FIG. 3 is a sectional view showing a structure in an 
initial step of a manufacturing process for the semiconductor 
device shown in FIGS. 1 and 2: 

0022 FIG. 4 is a sectional view showing the structure in 
a semiconductor device manufacturing step succeeding the 
step shown in FIG. 3; 
0023 FIG. 5 is a sectional view showing the structure in 
a semiconductor device manufacturing step succeeding the 
step shown in FIG. 4; 
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0024 FIG. 6 is a sectional view showing the structure in 
a semiconductor device manufacturing step succeeding the 
step shown in FIG. 5; 

0025 FIG. 7 is a sectional view showing the structure in 
a semiconductor device manufacturing step succeeding the 
step shown in FIG. 6; 

0026 FIG. 8 is a sectional view of a multilayer wiring 
structure including a MIM capacitor of a semiconductor 
device according to another embodiment of the present 
invention; and 

0027 FIG. 9 is a sectional view of a multilayer wiring 
structure including a MIM capacitor of a semiconductor 
device according to yet another embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0028 Embodiments of the present invention will be 
described with reference to the drawings. The embodiments 
described below use copper wiring. However, the present 
invention is applicable to any wiring made of a material 
other than copper and formed of a conductive layer buried 
in a wiring groove formed in an interlayer insulating film. 

First Embodiment 

0029. The sectional view in FIG. 1 shows a sectional 
structure according to the first embodiment of the present 
invention which structure has a MIM capacitor formed in a 
predetermined wiring layer, and vias and copper wiring 
formed in an overlying wiring layer formed above the MIM 
capacitor and connected to an upper and lower electrodes in 
the MIM capacitor. These predetermined wiring layer and 
overlying wiring layer form a part of a multilayer wiring 
structure formed on the semiconductor Substrate shown in 
FIG. 2. With reference to the Sectional view in FIG. 2 as well 
as FIG. 1, detailed description will be given of the structure 
of a semiconductor device according to the first embodiment 
of the present invention. 

0030 First, in FIG. 2, two element isolation insulating 
films 12a and 12b are formed in a first area of a semicon 
ductor substrate 11. A gate insulating film 13 made of SiO, 
or the like and a gate electrode 14 made of polysilicon or the 
like are sequentially formed on the semiconductor Substrate 
11 between the element isolation insulating films 12a and 
12b. Further, two source? drain areas 15a and 15b are formed 
in surface regions of the semiconductor substrate 11 between 
both element isolation insulating films 12a and 12b and the 
gate insulating film 13. 

0031. A first interlayer insulating film 16 is formed all 
over a surface of the semiconductor Substrate which contains 
a first area in which the gate insulating film 13 and the gate 
electrode 14 are formed and a second area which is different 
from the first area as will be described later. 

0032. A contact hole 17a is formed in the interlayer 
insulating film 16 so as to expose a top Surface of the 
Source/drain area 15a. Metal, for example, tungsten is 
deposited in the contact hole 17a to form a contact 17. The 
surfaces of the interlayer insulating film 16 and the contact 
17 are flattened by the CMP process or the like. 
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0033. A second interlayer insulating film 18 is formed on 
the first interlayer insulating film 16 and the contact 17. A 
wiring groove is formed in the second interlayer insulating 
film 18 to form a copper wiring 19 in the wiring groove so 
as to connect to the contact 17. A copper diffusion stopper 
film 20 is formed on the second interlayer insulating film 18 
having the copper wiring 19 formed therein. 
0034. A third interlayer insulating film 21 is formed on 
the copper diffusion stopper film 20. A via 22 is formed 
through the interlayer insulating film 21 and diffusion stop 
per 20 so as to lead to the copper wiring 19. A copper wiring 
23 is formed in a surface portion of the interlayer insulating 
film 21 and on the via 22. 

0035 A copper diffusion stopper film 24 is formed on a 
Surface of the interlayer insulating film 21 and the copper 
wiring 23. Furthermore, an interlayer insulating film 40 is 
formed on the copper diffusion stopper film 24. Further, 
although not shown in the drawings, a via and a wiring may 
be formed in the interlayer insulating film 40 as required, 
with an overlying wiring layer formed on the interlayer 
insulating film 40. 
0036) Now, with reference to FIG. 1, description will be 
given of a multilayer wiring structure including an wiring 
layer having a capacitor formed in the second area on the 
semiconductor substrate 11 simultaneously with the multi 
layer wiring structure including the MOS transistor shown in 
FIG 2. 

0037. The lowermost interlayer insulating film 16 shown 
in FIG. 1 is formed on the semiconductor substrate 11 
simultaneously with the interlayer insulating film 16 shown 
in FIG. 2. In FIG. 1, the semiconductor substrate 11, 
arranged under the interlayer insulating film 16, is omitted. 
The interlayer insulating film 18, formed on the interlayer 
insulating film 16, is formed with a copper wiring 30 as well 
as the copper wiring 19 in FIG. 2. The copper diffusion 
stopper film 20 is also formed on the interlayer insulating 
film 18. 

0038 A MIM capacitor is formed on the copper diffusion 
stopper film 20 and is constructed by sequentially stacking, 
on the diffusion stopper film 20, a lower electrode 33 (metal 
film) made of for example, TiN, a dielectric film 34 made 
of for example, SiN or TaC), and an upper electrode 35 made 
of TiN or the like. Furthermore, an insulating film 36 made 
of for example, SiN is formed on the upper electrode 35 as 
a cap material. 
0.039 The interlayer insulating film 21 covers the whole 
stacked structure of the lower electrode 33, dielectric film 
34, upper electrode 35, and insulating or cap material film 
36. A via 41 is formed in the interlayer insulating film 21 as 
well as in the diffusion stopper film 20 so that a lower end 
of the via 41 is connected to the copper wiring 30. An upper 
end of the via 41 is connected to a copper wiring 42 formed 
on the via 41. Furthermore, a thick via 51 is formed on a top 
surface of the upper electrode 35. A thick via 52 is also 
formed on a top surface of the lower electrode 33. 
0040. In this case, the thick via 51 is set to have a 
diameter equal to or Smaller than the maximum diameter 
size of the upper electrode 35 of the MIM capacitor in the 
cross section in FIG. 1. Actually, the diameter of the thick 
via 51 is set so that each side of it is located at a predeter 
mined distance from a corresponding Surface end of the 
upper electrode 35. 
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0041. Likewise, the thick via 52 is formed to be as thick 
as possible so as to be located inside the tip of an offset 
portion OS of the lower electrode 33 which portion is 
projected rightward in the figure with respect to the upper 
electrode 35 and so that thick via 52 is insulated from a 
corresponding end of the upper electrode 35. In this case, if 
the vias 51 and 52 are set to have the same thickness, a mask 
can be easily formed which is used to form via holes for the 
vias 51 and 52. 

0042. Furthermore, the copper diffusion stopper film 24 
is formed on the interlayer insulating film 21 in contact with 
vias 51 and 52 and the copper wiring 42 formed on the via 
41. The interlayer insulating film 40 is further formed on the 
diffusion stopper film 24. Vias 60a and 60b are formed in the 
interlayer insulating film 40 such that the lower ends of the 
vias 60a and 60b pass through the copper diffusion stopper 
film 24 and are connected to the vias 51 and 52, respectively. 
The vias 60a and 60b are formed to be thinner than the vias 
51 and 52 formed in the interlayer insulating film 21. For 
example, the vias 60a and 60b are set to be as thick as many 
vias formed in the semiconductor device, for example, the 
vias 22 and 41. Copper wiring lines 61a and 61b are formed 
on the vias 60a and 60b, respectively, in the interlayer 
insulating film 40. Although not shown in FIG. 2, a copper 
diffusion stopper film 63 is formed on the interlayer insu 
lating film 40 in contact with top surfaces of the copper 
wiring lines 61a and 61b as shown in FIG. 1. 
0043. With reference to FIGS. 1 and 2, description has 
been given of the structure of the semiconductor device 
having the MIM capacitor in the multilayer wiring structure 
including the MOS transistor. With reference to FIGS. 3 to 
7, detailed description will be given below of an example of 
a method of manufacturing a semiconductor device having 
the structure shown in FIGS. 1 and 2. 

0044) In FIG. 3, the semiconductor substrate 11 has a 
second area 11b in which the MIM capacitor shown in FIG. 
1 is formed, and a first area 11a in which the MOS transistor 
shown in FIG. 2 is formed. In this described embodiment, 
the MOS transistor and the MIM capacitor are formed in the 
different areas on the semiconductor substrate 11. However, 
the MIM capacitor may be formed above the MOS transistor 
in the same area on the semiconductor Substrate 11. 

0045 First, in FIG. 3, predetermined portions in the 
surface of the substrate 11 are shallowly etched in the first 
area 11a. Insulator films are buried in the etched areas to 
form the element isolation insulating films 12a and 12b as 
STI (Shallow Trench Isolation). Subsequently, an oxide film 
used to form the gate oxide film 13 is formed all over the 
surface of the semiconductor substrate 11 including the 
Surfaces of the element isolation insulating films 12a and 
12b. For example, a polysilicon film used to form the gate 
electrode 14 is deposited all over the oxide film 13. A resist 
film (not shown) is deposited on the polysilicon film so as to 
form the gate electrode 14 using a photolithography process. 
A predetermined exposure mask is used to expose a pattern 
for forming the gate oxide film 13 and the gate electrode 14. 
This exposure pattern is used to carry out etching to form the 
gate oxide film 13 and the gate electrode 14 on the first area 
11a of the semiconductor substrate 11 between the element 
isolation insulating films 12a and 12b. 
0046) Then, the source/drain areas 15a and 15b are 
formed in the semiconductor substrate 11 between both 
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element isolation insulating films 12a and 12b and both gate 
oxide film 13 and gate electrode 14 by the impurity ion 
injection process. Subsequently, the first interlayer insulat 
ing film 16 is deposited all over the surface of the semicon 
ductor substrate 11. The interlayer insulating film 16 is 
deposited by the CVD process and formed using as a 
material SiO containing phosphorus or boron. FSG or other 
material may be used in place of SiO. Alternatively, a 
stacked structure of a plurality of materials may be used 
instead of the single-layer structure. 
0047 The surface of the first interlayer insulating film 16 

is flattened by CMP. Furthermore, the photolithography 
process used to form the gate portion is executed to form the 
contact hole 17a in the first interlayer insulating film 16 so 
that the contact hole 17a leads to the source? drain area 15a. 
A contact material, for example, tungsten is buried in the 
contact hole 17a and then flattened by CMP to form the 
contact 17 connected to the top surface of the source/drain 
area 15a. 

0.048 Subsequently, as shown in FIG. 4, the second 
interlayer insulating film 18 is similarly formed on the first 
interlayer insulating film 16, and resist film 18a is deposited 
on the top surface of the interlayer insulating film 18. Then, 
the photolithography process is executed using the resist 
film 18a as an etching mask to form the wiring grooves 19b 
and 30b in the interlayer insulating film 18, in which the 
copper wiring portions 19 and 30, respectively, are to be 
formed. 

0049 Subsequently, copper is deposited all over the top 
surface of the device. Then, the CMP process is used to 
polish and flatten the top surface of the deposited copper film 
until the interlayer insulating film 18 is exposed. 
0050. As a result, as shown in FIG. 5, the copper wiring 
19 is formed in the interlayer insulating film 18 in the first 
area 11a. The copper wiring 30 is formed in the interlayer 
insulating film 18 in the second area 11b. 
0051. Then, as shown in FIG. 6, the copper diffusion 
stopper film 20 is deposited on the copper wiring portions 19 
and 30 and all over the first and second areas 11a and 11b. 
The copper diffusion stopper film 20 is formed of, for 
example, SiN. In this state, for example, TiN used to form 
the lower electrode 33 of the MIM capacitor is deposited on 
the copper diffusion stopper film 20 formed on the second 
area 11b. Subsequently, for example, SiN or TaO used for 
the dielectric film 34 is deposited, and then, for example, 
TiN constituting the upper electrode 35 is deposited. Finally, 
SiN is deposited which is used as the cap material film 36 
when the via is formed on the upper electrode 35. 
0.052 Subsequently, the lithography process is used to 
pattern the cap material film 36, the upper electrode 35, the 
dielectric film 34, and the lower electrode 33. First, a resist 
layer is deposited all over the SiN layer, which acts as the 
cap material film 36. Furthermore, a mask is placed on the 
resist layer and the resist layer is patterned in association 
with the cap material film 36 to form a resist mask. Then, the 
resist mask thus formed is used to etch the SiN film for the 
cap material film 36 and the TiN film for the upper electrode 
35 to form simultaneously the cap material film 36 and the 
upper electrode 35. 
0053. Then, the upper electrode 35 and the cap material 
film 36 is covered by a resist film which is also deposited so 

Oct. 4, 2007 

as to cover the entire TiN film and SiN film, used to form the 
dielectric film 34 and lower electrode 33, respectively. 
Similarly, the lithography process is used to etch the dielec 
tric film 34 and the lower electrode 33 into the illustrated 
pattern. 

0054 Subsequently, the interlayer insulating film 21 is 
formed on the copper diffusion stopper film 20 so as to cover 
the first area 11a and the MIM capacitor formed in the 
second area 11b. 

0055. In this case, as shown in FIG. 7, in the first area 
11a, for example, a dual damascene process is used to form 
the via hole 22a on the copper wiring 19 and in the interlayer 
insulating film 21 via the copper diffusion stopper film 20. 
The wiring groove 23a is formed on the via hole 22a. 
0056 Further, in the second area 11b, for example, the 
dual damascene process is used to form the via holes 51a 
and 52a on the upper electrode 35 and the lower electrode 
33. The via hole 41a is formed on the copper wiring 30 via 
the copper diffusion stopper film 20. The wiring groove 42a 
is formed on the via hole 41a. 

0057 Subsequently, copper is sequentially or simulta 
neously deposited in the via holes 22a, 51a, 52a, and 41a 
and wiring grooves 23a and 42a. The Surface of the inter 
layer insulating film 21 is polished and flattened by the CMP 
process. The structure shown in FIG. 7 is thus formed. 
0058. Then, in the second area 11b, as shown in FIG. 1, 
the interlayer insulating film 40 is deposited, via the copper 
diffusion stopper film 24, on the interlayer insulating film 21 
formed as described above. 

0059 Subsequently, for example, the dual damascene 
process is used to form the vias 60a and 60b and the copper 
wiring portions 61a and 61b in the interlayer insulating film 
40. On this occasion, the via 60a is formed to be thinner than 
the via 51, whereas the via 60b is formed to be thinner than 
the via 52. This will provide large margins for possible 
positional errors in the formation of the vias 60a and 60b 
with respect to the vias 51 and 52. 
0060 Subsequently, the surface of the interlayer insulat 
ing film 40 is flattened by the CMP process. Then, the copper 
diffusion stopper film 63 is formed. Although not shown, the 
diffusion stopper film 63 is also formed on the first area 11a 
in FIG. 2. 

0061. In the structure of the first embodiment as 
described above, the buried copper wiring 61 a connected to 
the upper electrode 35 is not formed in the same wiring layer 
as is provided with the MIM capacitor composed of the 
upper electrode 35, the dielectric film 34, and the lower 
electrode 33. Consequently, when the wiring groove used to 
form the buried wiring is formed, etching does not reach the 
MIM capacitor. This prevents the buried wiring 61a and the 
upper electrode 35 from being short-circuited. Further, the 
via 51 is formed to be thicker than the via 60a, thus 
providing a large margin for a possible positional deviation 
between the vias 51 and 60a. 

0062. In the first embodiment, shown in FIG. 1, the 
copper wiring 61b, which is in contact with the lower 
electrode 33 of the MIM capacitor, is formed in the wiring 
layer formed in the interlayer insulating film 40, formed on 
the wiring layer formed in the interlayer insulating film 21, 
in which the lower electrode 33 is formed. However, the 
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lower electrode 33 and the copper wiring in contact with the 
lower electrode 33 may be formed in the same wiring layer. 
In this configuration, the via 51 has a larger cross section 
than that of the via 60a. This enables large margins to be 
designed for possible errors such as deviation of mask 
alignment during manufacturing steps of the semiconductor 
device. 

Second Embodiment 

0063 FIG. 8 is a sectional view showing a second 
embodiment of the present invention in which the lower 
electrode 33 and the wiring connected to this lower electrode 
33 are formed in the same interlayer insulating film 21 or in 
the same wiring layer. This figure shows a multilayer wiring 
structure including a MIM capacitor formed in the second 
area 11b of a semiconductor substrate (not shown) corre 
sponding to that of the first embodiment in FIG. 1. In FIG. 
8, the same elements as those of the first embodiment shown 
in FIG. 1 are denoted by the same reference numerals. Their 
detailed description is thus omitted. 
0064. In FIG. 8, the dual damascene process is used to 
form the via 52b connected to the lower electrode 33 and the 
copper wiring 53 located on the via 52b. Consequently, the 
copper wiring 61b is not connected to the lower electrode 33 
unlike the embodiment shown in FIG. 1. The copper wiring 
61b is formed in the wiring layer formed of the interlayer 
insulating film 40 above the wiring later in which the MIM 
capacitor is formed. In the second embodiment shown in 
FIG. 8, only the upper electrode 35 is connected through the 
thin via 60a to the copper wiring 61 a formed in the wiring 
layer formed over the wiring layer in which the MIM 
capacitor is formed. When the interlayer insulating film 21 
has a sufficient thickness between the lower electrode 33 of 
the MIM capacitor and the copper diffusion stopper film 24, 
then it is possible to form both via 52b and wiring 53 in the 
same interlayer insulating film 41 which contains the lower 
electrode 33. 

0065. In the structure of the second embodiment 
described above, as in the case with the first embodiment, 
the buried wiring 61a connected to the upper electrode 35 is 
not formed in the same wiring layer in which the MIM 
capacitor is formed, but formed in the wiring layer formed 
over the wiring layer containing the MIM capacitor. This 
prevents the wiring 61a and the upper electrode 35 from 
being short-circuited during the manufacturing process 
unlike the prior art. Further, the via 51 is formed to be 
thicker than the via 60a, thus providing a large margin for a 
possible positional deviation between the vias 51 and 60a 
being occurred during the manufacturing process. 

0.066 Further, in both first and second embodiments, the 
copper wiring connected to the lower electrode 33 is 
arranged above this lower electrode 33. However, the copper 
wiring in contact with the lower electrode 33 may be 
arranged in the underlying wiring layer under the wiring 
layer in which the MIM capacitor having the lower electrode 
33 is formed. 

Third Embodiment 

0067 FIG. 9 is a sectional view of a third embodiment 
showing an example of this configuration. This figure is a 
sectional view in which the wiring in contact with the lower 
electrode 33 is arranged in the wiring layer immediately 
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below the wiring layer in which the lower electrode 33 or the 
MIM capacitor is formed. It also shows the structure of a 
multilayer wiring structure including the MIM capacitor 
formed in the second area 11b of a semiconductor substrate 
(not shown) as in the case with FIGS. 1 and 8. In FIG. 9, the 
same elements as those of the first or second embodiment are 
denoted by the same reference numerals. Their detailed 
description is thus omitted. 
0068. In FIG.9, the copper wiring 30 having an extended 
portion reaching at the under position of the lower electrode 
33 which is being formed later is formed in the interlayer 
insulating film 18. Subsequently, the copper diffusion stop 
per film 20 immediately above the copper wiring 30 is 
etched to form a hole 33a from which a part of the copper 
wiring 30 is exposed. Accordingly, when an electrode mate 
rial used to form the lower electrode 33 is formed on the 
copper diffusion stopper film 20, the lower electrode 33 is 
connected to the copper wiring 30 via the hole 33a. 
0069. After the MIM capacitor has been formed in the 
similar manner as in the case of the first and second 
embodiments, the via 51, the via 41 connected to the copper 
wiring 31, and the copper wiring 42 connected to the via 41 
are simultaneously formed in the interlayer insulator film 21 
using, for example, the dual damascene process. Accord 
ingly, the third embodiment shown in FIG.9 does not use the 
via 52b or copper wiring 53 connected to the lower electrode 
33 shown in the second embodiment of FIG. 8. The other 
arrangements of the third embodiment shown in FIG. 9 are 
the same as those of the embodiment shown in FIG. 8. 

0070) Even in the structure of the third embodiment, the 
buried wiring 61a is not formed in the same wiring layer in 
which the MIM capacitor is formed. This prevents the 
wiring 61a and the upper electrode 35 from being short 
circuited. Further, the via 51 is formed to be thicker than the 
via 60a, thus providing a large margin for a possible 
positional deviation between the vias 51 and 60a. 
0071 According to the configuration of the third embodi 
ment of FIG. 8, the lower electrode 33 is connected to the 
copper wiring 30, located under the lower electrode 33, and 
then the copper wiring 30 is connected to the copper wiring 
42 through the via 41 in the interlayer insulating film 21 
containing the MIM capacitor. This is effective when it is 
impossible to form a via or both via and copper wiring on the 
lower electrode for any reason related to the process, con 
figuration, or the like. 
0072. As described above in detail, the present invention 
prevents a capacitor Such as a MIM capacitor and a metal 
wiring from being short-circuited owing to over etching for 
forming the wiring groove to connect the upper electrode of 
the MIM capacitor formed in a multilayer wiring structure to 
the metal wiring. Further, when a via connected to the wiring 
is formed on the capacitor electrode, over etching defects of 
the via hole at the capacitor electrode can be prevented. 
Therefore, a reliable semiconductor device having a capaci 
tor formed in a multilayer wiring structure can be provided. 
0073. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 
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1. A semiconductor device comprising: 
a multilayer wiring structure including a plurality of 

wiring layers formed on a Substrate; 
a capacitor arranged in a first wiring layer in the multi 

layer wiring structure and including a lower electrode, 
a dielectric film, and an upper electrode; 

a first via formed in the first wiring layer and connected 
directly to a top surface of the upper electrode of the 
capacitor, and 

a second via formed in an overlying wiring layer stacked 
on the first wiring layer, the second via being connected 
directly on the first via and the second via being 
connected to a wiring formed in the overlying wiring 
layer, 

wherein the first via is formed to have a larger cross 
section than that of the second via. 

2. (canceled) 
3. A semiconductor device according to claim 1, wherein 

the predetermined wiring layer has a third via formed on the 
lower electrode and a wiring connected to the third via and 
buried in a surface of the predetermined wiring layer. 

4. (canceled) 
5. A semiconductor device according to claim 3, wherein 

the wiring comprises copper, and a copper diffusion stopper 
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film is formed on the surface of the first wiring layer to 
prevent diffusion of the copper forming the wiring. 

6. (canceled) 
7. A semiconductor device according to claim 1, wherein 

the overlying wiring layer has a wiring connected to a top of 
the second via and buried in a surface of the overlying 
wiring layer. 

8-9. (canceled) 
10. A semiconductor device according to claim 1, wherein 

a third via formed above the lower electrode of the capacitor 
is provided in the first wiring layer; 

a fourth via connected on the third via and formed to be 
thinner than the third via is provided in the overlying 
wiring layer; and 

the second and fourth Vias are connected to the first and 
second wirings, respectively, buried in a surface of the 
overlying wiring layer. 

11. A semiconductor device according to claim 1, wherein 
the lower electrode of the capacitor is connected to a wiring 
buried in a Surface of an underlying wiring layer formed 
under the predetermined wiring layer in which the capacitor 
is formed. 

12-13. (canceled) 


