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SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Application 
No. 2002-257974, filed Sep. 3, 2002, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a technique for 
enhancing reliability of a Semiconductor device, particularly 
to a Semiconductor device in which durability of a conduc 
tive portion against a heat StreSS generated in an insulating 
film formed of a low relative dielectric constant film is 
enhanced. 

0004 2. Description of the Related Art 
0005. In recent years, to speed up semiconductor devices 
Such as LSI, reduction of a wiring resistance or reduction of 
dielectric constant of an interlayer insulating film have been 
advanced. Concretely, a material of a wiring has been shifted 
to copper (Cu) from aluminum (Al). Also for the interlayer 
insulating film, films having a low relative dielectric con 
stant film (low-k films) such as a simple SiO film, an SiO, 
film doped with fluorine, and an SiO film containing 
organic components have been attempted to be employed. 

0006 The low relative dielectric constant film is formed 
by lowering density of the material or by removing polarity 
from the material. For example, when the material density is 
lowered, the material is usually prepared to be porous. Since 
the low relative dielectric constant film is low in the film 
density, mechanical physical values Such as Young's modu 
lus are usually low. That is, the low relative dielectric 
constant film is weak in the material itself. Additionally, the 
low relative dielectric constant film includes a film Structure 
having a low polarity So as to lower the dielectric constant 
in the film. Therefore, adhesion Strength is little in a laminate 
interface between laminate films in which the low relative 
dielectric constant films are Stacked or the low relative 
dielectric constant film and another film are Stacked. Con 
cretely, the materials of the films change in properties by 
permeation of gas for use in processing/forming via holes or 
grooves for wirings in the low relative dielectric constant 
film, or by processing processes. Accordingly, there is 
possibility that the mechanical Strength of the material of the 
low relative dielectric constant film is deteriorated, or the 
adhesion Strength in the interface between the laminate films 
including the low relative dielectric constant film is dete 
riorated. 

0007. The little film strength of the low relative dielectric 
constant film or the little adhesion Strength in the interface 
between the laminate films including the low relative dielec 
tric constant film is a large obstacle to a multi-layer proceSS 
in which especially the wiring of the Semiconductor device 
is formed in a multi-layered Structure. In order to overcome 
this obstacle, an interface treatment technique or a proceSS 
at the time of RIE processing is optimized, and accordingly 
enhancement of the film strength of the low relative dielec 
tric constant film or the adhesion Strength in the multi 
layered wiring Structure including the low relative dielectric 
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constant film has been attempted. This technique is 
described, for example, in Jpn. Pat. Appln. KOKAI Publi 
cation No. 11-176835. 

0008 AS described above, the material of the low relative 
dielectric constant film is essentially low in the Young's 
modulus as compared with that of a general SiO-based 
insulating film. Additionally, it is seen that the material of 
the low relative dielectric constant film is high in coefficient 
of linear expansion as compared with that of the general 
SiO-based insulating film. A possibility that the low 
Young's modulus and high coefficient of linear expansion of 
the low relative dielectric constant film cause unknown 
defects in the Semiconductor device and a process for 
manufacturing the device is high. Additionally, full-scale 
Studies or countermeasures have not been carried out against 
the low Young's modulus and high coefficient of linear 
expansion of the low relative dielectric constant film. 

BRIEF SUMMARY OF THE INVENTION 

0009. According to an aspect of the present invention, 
there is provided a Semiconductor device comprising: an 
insulating film which is provided in at least one layer above 
a Substrate and whose relative dielectric constant is 3.4 or 
less, at least one conductive layer provided in the insulating 
film; at least one conductive plug which is formed in the 
insulating film and which is electrically connected to the 
conductive layer to form a conduction path; at least one 
reinforcing material which is provided under at least the 
conductive layer and whose Young's modulus is 30 GPa or 
more; and at least one first reinforcing plug which is 
connected to the conductive layer and which is formed in 
contact with the reinforcing material. 

0010. According to another aspect of the invention, there 
is provided a Semiconductor device comprising: an insulat 
ing film which is provided above a Substrate and whose 
relative dielectric constant is 3.4 or less, a conductive layer 
provided in the insulating film; a conductive plug which is 
formed in the insulating film and which is electrically 
connected to the conductive layer to form a conduction path; 
and at least one dummy Via chain which is provided in the 
insulating films Stacked in two or more layers above the 
Substrate within 5 um from a wiring layer comprised of the 
conductive layer and the conductive plug; wherein the 
dummy Via chain comprises at least two reinforcing metal 
layerS and at least one reinforcing plug, in which the 
reinforcing metal layer is electrically disconnected from the 
wiring layer, at least one reinforcing metal layer is provided 
in each of the insulating films of at least two different layers 
of the respective insulating films, the reinforcing metal layer 
is extended and formed to be longer than a diameter of the 
reinforcing plug along the Surface of the insulating film, the 
reinforcing metal layers are Superposed upon each other in 
a Stacking direction of the insulating films and deviate from 
each other along a direction vertical to the Stacking direction 
of the insulating films, the reinforcing plug is formed in the 
insulating film of at least one layer, and the reinforcing plug 
connects the reinforcing metal layer to another reinforcing 
metal layer along the Stacking direction of the insulating 
films. 
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BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.011 FIG. 1A is a step sectional view showing a manu 
facturing Step of a Semiconductor device according to a first 
embodiment; 
0012 FIG. 1B is a step sectional view showing the 
manufacturing Step of the Semiconductor device according 
to the first embodiment; 
0013 FIG. 2A is a step sectional view showing the 
manufacturing Step of the Semiconductor device according 
to the first embodiment; 

0.014 FIG. 2B is a step sectional view showing the 
manufacturing Step of the Semiconductor device according 
to the first embodiment; 
0.015 FIG. 3A is a step sectional view showing the 
manufacturing Step of the Semiconductor device according 
to the first embodiment; 

0016 FIG. 3B is a step sectional view showing the 
manufacturing Step of the Semiconductor device according 
to the first embodiment; 
0017 FIG. 4 is a step sectional view showing the manu 
facturing Step of the Semiconductor device according to the 
first embodiment; 

0.018 FIG. 5 is a step sectional view showing the manu 
facturing Step of the Semiconductor device according to the 
first embodiment, 

0.019 FIG. 6 is a step sectional view showing the manu 
facturing Step of the Semiconductor device according to the 
first embodiment; 

0020 FIG. 7 is a step sectional view showing the manu 
facturing Step of the Semiconductor device according to the 
first embodiment; 

0021 FIG. 8 is a sectional view showing the semicon 
ductor device according to the first embodiment; 
0022 FIG. 9 is a sectional view schematically showing 
a wiring Structure inside the Semiconductor device according 
to the first embodiment and a heat StreSS generated in the 
device; 

0023 FIG. 10 is a sectional view showing the semicon 
ductor device according to a Second embodiment; 
0024 FIG. 11 is a sectional view schematically showing 
the wiring structure inside the Semiconductor device accord 
ing to the Second embodiment and the heat StreSS generated 
in the device; 

0.025 FIG. 12 is a plan view showing areas where a 
wiring layer and reinforcing wiring layer of the Semicon 
ductor device according to the Second embodiment are 
provided; 

0.026 FIG. 13 is a sectional view showing the semicon 
ductor device according to a third embodiment; 
0.027 FIG. 14 is a sectional view showing the semicon 
ductor device according to a fourth embodiment; 
0028 FIG. 15 is a sectional view showing the semicon 
ductor device according to a fifth embodiment; 
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0029 FIG. 16A is a plan view showing a pattern in 
which the reinforcing wiring layer of the Semiconductor 
device according to a sixth embodiment is provided; 
0030 FIG. 16B is a sectional view showing a pattern in 
which the reinforcing wiring layer of the Semiconductor 
device according to the Sixth embodiment is provided; 
0031 FIG. 17A is a plan view showing another pattern 
in which the reinforcing wiring layer of the Semiconductor 
device according to the Sixth embodiment is provided; 
0032 FIG. 17B is a sectional view showing another 
pattern in which the reinforcing wiring layer of the Semi 
conductor device according to the Sixth embodiment is 
provided; 
0033 FIG. 18A is a plan view showing another pattern 
in which the reinforcing wiring layer of the Semiconductor 
device according to the Sixth embodiment is provided; 
0034 FIG. 18B is a sectional view showing another 
pattern in which the reinforcing wiring layer of the Semi 
conductor device according to the Sixth embodiment is 
provided; 
0035 FIG. 19A is a plan view showing a pattern in 
which a dummy Via chain of the Semiconductor device 
according to a Seventh embodiment is provided; 
0036 FIG. 19B is a sectional view showing a pattern in 
which the dummy Via chain of the Semiconductor device 
according to the Seventh embodiment is provided; 
0037 FIG. 20 is a characteristic diagram showing results 
of a simulation carried out by the present inventors accord 
ing to the Seventh embodiment in a graph; 
0038 FIG. 21A is a sectional view showing a structure 
of an effective wiring in the vicinity of a pad portion of the 
Semiconductor device according to an eighth embodiment; 
0039 FIG. 21B is a plan view showing the structure of 
the effective wiring in the vicinity of the pad portion of the 
Semiconductor device according to the eighth embodiment; 
0040 FIG. 22A is a plan view showing a pattern in 
which the dummy Via chain of the Semiconductor device 
according to the eighth embodiment is provided; 
0041 FIG.22B is a plan view showing another pattern in 
which the dummy Via chain of the Semiconductor device 
according to the eighth embodiment is provided; 
0042 FIG. 22C is a plan view showing another pattern 
in which the dummy Via chain of the Semiconductor device 
according to the eighth embodiment is provided; 
0043 FIG. 23 is a characteristic diagram showing the 
results of the Simulation carried out by the present inventors 
according to the eighth embodiment in a graph; 
0044 FIG. 24A is a plan view showing the pattern in 
which the dummy Via chain according to the ninth embodi 
ment is provided; 
004.5 FIG.24B is a plan view showing another pattern in 
which the dummy Via chain according to the ninth embodi 
ment is provided; 
0046 FIG. 24C is a plan view showing another pattern 
in which the dummy Via chain according to the ninth 
embodiment is provided; 
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0047 FIG. 25A is a plan view showing another pattern 
in which the dummy Via chain according to the ninth 
embodiment is provided; 
0.048 FIG.25B is a plan view showing another pattern in 
which the dummy Via chain according to the ninth embodi 
ment is provided; 

0049 FIG. 26A is a plan view showing still another 
pattern in which the dummy Via chain according to the ninth 
embodiment is provided; 

0050 FIG. 26B is a plan view showing still another 
pattern in which the dummy Via chain according to the ninth 
embodiment is provided; 
0051 FIG. 27A is a plan view showing still another 
pattern in which the dummy Via chain according to the ninth 
embodiment is provided; 

0.052 FIG. 27B is a plan view showing still another 
pattern in which the dummy Via chain according to the ninth 
embodiment is provided; 
0053 FIG. 27C is a plan view showing another shape of 
a reinforcing metal layer provided in the dummy Via chain 
according to the ninth embodiment; 
0.054 FIG. 28A is a sectional view showing a structure 
of the dummy Via chain of the Semiconductor device accord 
ing to a tenth embodiment; 
0055 FIG. 28B is a sectional view showing another 
structure of the dummy via chain of the semiconductor 
device according to the tenth embodiment; 
0056 FIG. 29A is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0057 FIG. 29B is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0.058 FIG. 30 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0059 FIG. 31 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0060 FIG. 32A is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0061 FIG.32B is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0.062 FIG. 33 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0.063 FIG. 34 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 

0.064 FIG. 35 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 
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0065 FIG. 36 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 
0.066 FIG. 37 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 
0067 FIG. 38 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 
0068 FIG. 39 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 
0069 FIG. 40 is a sectional view showing still another 
Structure of the dummy Via chain of the Semiconductor 
device according to the tenth embodiment; 
0070 FIG. 41A is a characteristic diagram showing the 
results of the Simulation carried out by the present inventors 
according to a related art, 
0071 FIG. 41B is a sectional view showing the results of 
the Simulation carried out by the present inventors according 
to the related art; 
0072 FIG. 42A is a characteristic diagram showing the 
results of the Simulation carried out by the present inventors 
according to the related art; 
0073 FIG. 42B is a sectional view showing the results of 
another simulation carried out by the present inventors 
according to the related art; 
0074 FIG. 43 is a sectional view showing a state in 
which an interlayer insulating film formed of a low relative 
dielectric constant film according to the related art thermally 
expands, 

0075 FIG. 44A is a plan view showing the wiring 
Structure of the Semiconductor device which is a compara 
tive example for the Seventh embodiment; and 
0076 FIG. 44B is a plan view showing another wiring 
Structure of the Semiconductor device which is the compara 
tive example for the seventh embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.077 Embodiments of the present invention will be 
described hereinafter with reference to the drawings. 
0078 First Embodiment 
0079 Prior to description of a first embodiment accord 
ing to the present invention, Simulations carried out in 
consideration with the above-described problems of the 
related art by the present inventors will first be described. As 
a result of the simulation, it has first been clarified that there 
is a possibility of occurrence of the following problem. With 
a decrease of Young's modulus of an interlayer insulating 
film in which a wiring is formed, for example, a force 
weakens with which distortion by heat generated in a metal 
wiring has been Suppressed in a multi-layered wiring form 
ing process. Then, a heat StreSS generated in a wiring itself 
drops, but the wiring freely expands/contracts. As a result, a 
load for displacement of the wiring is applied to a via plug 
formed in an end of the wiring. This will concretely be 
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described hereinafter with reference to FIGS. 41A to 43. 
FIGS. 41A, 41B, 42A, and 42B show results of simulation 
of sizes of Stresses applied to a barrier metal film in the via 
plug, and shapes of the film, assuming that the interlayer 
insulating film formed of materials different from one 
another in Young's modulus is heated at about 400 C. 

0080 FIGS. 41A and 41B show the results of the simu 
lation in a case in which a general TEOS film 201 having a 
Young's modulus of about 60 GPa is used as the interlayer 
insulating film. In this case, as shown in FIG. 41A, large 
StreSS concentration does not occur on left and right Sides of 
a barrier metal film (TaN film) 203 in a via plug 202. 
Especially, as shown by Solid-line arrows in FIG. 41A, in 
top and bottom portions of the barrier metal film (TaN film) 
203 in the via plug 202 to which the stress is easily added, 
the large StreSS concentration does not occur on either the 
left or right Side. Additionally, the large StreSS concentration 
does not occur even in the whole via plug 202 and barrier 
metal film 203. 

0.081 Moreover, the distortion is enlarged ten times and 
the Sectional shapes are further simulated. Even in this case, 
as shown in FIG. 41B, deformation by the stress of a metal 
wiring 204 is hardly confirmed in the via plug 202 and 
barrier metal film 203. It is to be noted that a graph shown 
in FIG. 41A shows simulated results of a distribution of a 
StreSS (OZ) in a vertical direction along a height direction of 
the via plug 202 in the vicinity of an interface between the 
via plug 202 and barrier metal film 203. To carry out the 
simulation, in FIG. 41B a lower surface of an SiC layer 205 
which is a top barrier layer is set to an origin, and the height 
direction of the via plug 202 is set to a Z-axis. This also 
applies to the simulation and results shown in FIGS. 42A 
and 42B. 

0082 FIGS. 42A and 42B show the simulation results in 
a case where a low relative dielectric constant film (low-k 
film) 206 having a Young's modulus of about 11 GPa is used 
as the interlayer insulating film. In this case, a force weakens 
with which stretching of the metal wiring 204 along a 
longitudinal direction by the heat is Suppressed. Therefore, 
as shown by the solid-line arrows in FIG. 42A, in the barrier 
metal film (TaN film) 203 in the via plug 202, the large stress 
concentration occurs in the bottom or top portion on the left 
and right Sides. A StreSS applied to the via plug 202 along the 
longitudinal direction of the wiring will hereinafter be 
referred to as a horizontal load stress. As shown in FIG. 
42B, the via plug 202 and barrier metal film 203 are largely 
deformed by the horizontal load StreSS generated in the 
wiring 204. 

0.083. According to these results, it is feared that a 
possibility of destruction of the barrier metal film as a side 
wall of the via plug because of the horizontal load StreSS is 
high. When the barrier metal film is destroyed, metal mate 
rials for the wiring, Such as Cu, possibly project into the 
interlayer insulating film from a destroyed portion. When the 
metal for the wiring projects into the interlayer insulating 
film from the via plug, an open defect of a conductive layer 
by metal shortage in the via plug is caused, the projecting 
metal for the wiring causes short-circuit with a conductive 
portion, or there is further a high possibility of device 
defects caused by the metal for the wiring diffused into a 
device portion. When the metal for the wiring projects into 
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the interlayer insulating film from the via plug in this 
manner, a possibility that fatal via plug defects are caused is 
high. 

0084. Moreover, as described above, a mechanical 
strength of the low relative dielectric constant film is lower 
than that of a general interlayer insulating film by about 1 to 
20 GPa. Additionally, a coefficient of linear expansion of the 
low relative dielectric constant film is higher than that of the 
general interlayer insulating film or wiring material by about 
20 to 70 ppm. For example, the coefficient of expansion of 
Cu which is the material of the wiring is about 16 ppm. 
Therefore, as shown in FIG. 43, the low relative dielectric 
constant film 206 easily thermally expands, for example, 
even along a thickness direction, and the load by the heat 
StreSS along the thickness direction is easily produced in the 
film. That is, in the low relative dielectric constant film 206, 
the load by the heat StreSS is easily generated along a 
direction vertical to the Surface of the Substrate, or along the 
height direction of the via plug 202 in the film. The stress 
applied to the via plug 202 along the thickneSS direction of 
the low relative dielectric constant film will hereinafter be 
referred to as a vertical load StreSS. 

0085. The vertical load stress generated in the low rela 
tive dielectric constant film 206 is easily applied, for 
example, to the via plug 202 in the film 206. Especially 
when the via plug 202 is isolated/provided, the vertical load 
stress of the low relative dielectric constant film 206 in a 
whole via plug peripheral area Surrounding the isolated via 
plug 202 is overconcentrated in the isolated via plug 202. AS 
a result, it is easily assumed that the vertical load StreSS 
generated in the low relative dielectric constant film 206 at 
the time of heating at high temperature in a manufacturing 
process of the Semiconductor device causes the destruction 
of the isolated via plug 202. It is clear that this phenomenon 
is caused mainly by the via plug 202 provided in a com 
pressed manner. It is especially feared that the phenomenon 
remarkably appears in the via plug 202 provided adjacent to 
a broad space area (field area) 207 in which the wiring 204, 
and the like are not formed. 

0086 As described above, when the low relative dielec 
tric constant film is employed in the interlayer insulating 
film, there is a very high possibility that the fatal defects are 
caused in the conductive portions Such as the Via plug by the 
horizontal load StreSS generated in the wiring and the vertical 
load StreSS generated in the film in a heat process. Accord 
ingly, there is a very high possibility that the fatal defects are 
caused in the Semiconductor device and the process for 
manufacturing the device. That is, there is a possibility that 
the capability or quality of the Semiconductor device drops 
and that the reliability of the semiconductor device drops. 
Additionally, there is a possibility that a defective Semicon 
ductor device is manufactured to lower yield of the Semi 
conductor device and that production efficiency of the 
Semiconductor device drops. 

0087. The first embodiment according to the present 
invention has been developed to solve the above-described 
problems. An object of the embodiment is to provide a 
Semiconductor device including an insulating film formed of 
the low relative dielectric constant film. In the device, 
durability of the conductive portion against the load by the 
heat StreSS generated in the conductive portion and low 
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relative dielectric constant film is enhanced, and the reli 
ability is enhanced. This will be described hereinafter in 
detail. 

0088 Next, the first embodiment according to the present 
invention will be described with reference to FIGS. 1 to 9. 
FIGS. 1 to 7 are step sectional views showing a method for 
manufacturing the Semiconductor device according to the 
present embodiment. FIG. 8 is a sectional view showing the 
Semiconductor device according to the present embodiment. 
FIG. 9 is a sectional view schematically showing a wiring 
Structure inside the Semiconductor device according to the 
present embodiment and a heat StreSS generated in the 
device. 

0089. In the first embodiment, for the semiconductor 
device using the low relative dielectric constant film (low-k 
film) which is the interlayer insulating film, a technique for 
inhibiting the StreSS from being generated in the Semicon 
ductor device by thermal expansion of the wiring will be 
described. In the present embodiment, two wiring layers of 
the Semiconductor device are Stacked. The Semiconductor 
device and the method for manufacturing the device accord 
ing to the present embodiment will hereinafter be described 
along an order of manufacturing StepS. 

0090 First, as shown in FIG. 1A, on a silicon substrate 
(Semiconductor Substrate) 1 in which an active area and 
underlayer wiring comprising various electronic circuits 
(not shown) are formed, an insulating film 3, interlayer 
insulating film (inter-level dielectrics: ILD) 4, and another 
insulating film 2 are Successively stacked. Concretely, first 
on the surface of the Si Substrate 1, for example, a CVD 
proceSS is used to deposit the insulating film 3 whose 
Young's modulus is about 30 GPa or more in a film 
thickness of about 50 nm. This insulating film 3 functions as 
a first reinforcing film (reinforcing material), and in the 
present embodiment, for example, an SiCN film is employed 
as the insulating film 3. Subsequently, on the Surface of this 
SiCN film 3, the CVD process is used to deposit the 
interlayer insulating film 4 which is a first layer in a film 
thickness of about 300 nm. 

0.091 A so-called low relative dielectric constant film 
(low-k film) having a relative dielectric constant of about 3.4 
or leSS is employed in the interlayer insulating film 4. 
Examples of the low relative dielectric constant film 4 
include a methyl polysiloxane (MSO)-based low-k film 
including an SiOC composition, and polyarylene ether 
(PAE)-based low-k film. In the present embodiment, espe 
cially the PAE-based low relative dielectric constant film 4 
having a Young's modulus of about 5 GPa and a coefficient 
of linear expansion of about 40 ppm is employed as the 
interlayer insulating film 4. Therefore, in the present 
embodiment, the SiCN film 3 having a Young's modulus of 
about 30 GPa or more is provided to directly contact the 
underside (back surface) of the PAE-based low relative 
dielectric constant film 4 which has a relative dielectric 
constant of about 3.4 or less, Young's modulus of about 5 
GPa, and coefficient of linear expansion of about 40 ppm. 
Subsequently, on the surface of the low relative dielectric 
constant film 4, the CVD process is used to deposit the 
insulating film 2 having a Young's modulus of about 30 GPa. 
or more, which is a first layer, in the film thickness of about 
50 nm. This insulating film 2 on the surface of the low 
relative dielectric constant film 4 functions as a capping 
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layer (capping film) of the first layer. When the SiCN film 3 
is used as a first reinforcing film, the insulating film 2 on the 
low relative dielectric constant film 4 functions as a Second 
reinforcing film. In the present embodiment, for example, an 
SiC film is employed as the insulating film 2. 

0092 Next, as shown in FIG. 1B, a recess for a wiring 
layer 5 of the first layer for forming a conductive layer 14 
and conductive plug 15 of the first layer described later is 
formed over the SiCN film 3 immediately under the low 
relative dielectric constant film 4 from the SiC film 2 on the 
low relative dielectric constant film 4. The conductive plug 
15 is formed so as to be electrically connected to the 
conductive layer 14, and comprises a conduction path to be 
actually energized together with the conductive layer 14. 
That is, the conductive layer 14 and conductive plug 15 
comprise a wiring layer (effective wiring layer) 13 which is 
actually energized to function as a primary wiring. In the 
present embodiment, for the wiring layer 13, the conductive 
layer 14 and conductive plug 15 are integrally formed. That 
is, the wiring layer 13 is formed in a So-called dual dama 
Scene Structure. Therefore, the receSS 5 is formed in a 
two-stage Structure including a receSS for the conductive 
layer 6 in the top and a receSS for the conductive plug. 7 in 
the bottom. At this time, the recess 6 and the recess 7 are 
integrally formed. It is to be noted that the conductive plug 
15 of the first layer is formed as the contact plug 15 for 
Securing the conduction to the electronic circuit formed in 
the Si Substrate 1. Therefore, the recess for the conductive 
plug 7 of the first layer is formed as the usual recess for the 
contact plug 7. 
0093. The recess 5 is formed, for example, using an RIE 
process. In this case, the recess 7 is formed through the SiCN 
film 3 of the first layer so as to expose the Surface of the Si 
substrate 1 so that the conduction of the contact plug 15 to 
the electronic circuit formed in the Si Substrate 1 is secured. 

0094) Moreover, the wiring layer 13 (conductive layer 
14) is connected to a first reinforcing plug (mechanical 
reinforcing plug) 16 as described later So as to enhance the 
durability of the wiring layer 13 against the heat StreSS 
generated in the wiring layer 13 which is the conductive 
portion and the low relative dielectric constant film 4 which 
is the insulating film. In the present embodiment, one first 
reinforcing plug 16 is formed whose upper end (top portion) 
is directly connected to the underSurface (back Surface) of 
the conductive layer 14. That is, in the same manner as the 
conductive layer 14 and contact plug 15, the conductive 
layer 14 and first reinforcing plug 16 are formed in the dual 
damascene Structure which is an integral Structure. There 
fore, a receSS for the first reinforcing plug 8 for forming the 
first reinforcing plug 16 is integrally formed with the receSS 
6. In actual, the recess 8 is formed in parallel with the recess 
7 using the RIE process. Therefore, the recess 8 is formed 
through the SiCN film 3 of the first layer so that the surface 
of the Si Substrate 1 is exposed. 

0.095 Next, as shown in FIG. 2A, a barrier metal film 9 
is provided on the surface of the SiC film of the first layer 
(capping layer of the first layer) 2, inside the recess 5, and 
inside the recess 8. In the barrier metal film 9, the Ta/TaN 
laminate film 9 is employed including a Ta film 10 which is 
the metal layer and a TaN film 11 which is a layer having 
conductivity. Concretely, the barrier metal film 9 is formed 
in a two-layer structure including the Ta film 10 formed 
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inside to directly contact the wiring layer 13, and the TaN 
film 11 provided outside the Ta film 10. For example, a 
Sputtering film forming method of a bias application type is 
used to form the barrier metal film 9 in the film thickness of 
about 10 nm. 

0.096 Subsequently, the Sisubstrate 1 is conveyed in high 
vacuum so as to prevent the Si Substrate 1 in which the 
barrier metal film 9 is formed from being exposed to the 
atmosphere, and is fed into a treatment chamber of a 
Sputtering device (not shown) for forming a plating Seed 
layer (film) 12a which is a base (substrate) of the conductive 
layer 14. Thereafter, materials forming the conductive layer 
14, conductive plug 15, and first reinforcing plug 16 are 
provided on the surface of the Ta film 10. In the present 
embodiment, copper (Cu) is used to integrally form the 
conductive layer 14, conductive plug 15, and first reinforc 
ing plug 16. Concretely, the plating Seed layer (film) 12a is 
first provided on the surface of the Ta film 10. For example, 
the Sputtering method of a self ionized type (self ionized 
sputtering method: SIS method) is used to form the Cu 
plating Seed layer 12a until the film thickneSS reaches about 
70 nm in terms of conversion to a solid film. 

0097 Next, as shown in FIG. 2B, a Cu plating film 12b 
is provided on the Surface of the Cu plating Seed layer 12a. 
The Cu plating film 12b is formed, for example, using an 
electrolytic plating process. The Cu plating film 12b is 
formed integrally with the Cu plating Seed layer 12a. 
Accordingly, on the surface of the Ta film 10, a Cu film 12 
is formed which is the forming material of the conductive 
layer 14, conductive plug 15, and first reinforcing plug 16. 

0098) Next, as shown in FIG.3A, the unnecessary barrier 
metal film 9 and Cu film 12 are removed. Concretely, a CMP 
process is used to grind and remove the barrier metal film 9 
and Cu film 12 on the surface of the SiC film of the first layer 
(capping layer of the first layer) 2. Accordingly, the unnec 
essary barrier metal film 9 and Cu film 12 outside the recess 
5 and the receSS 8 are removed from the capping layer 2, and 
the barrier metal film 9 and Cu film 12 are left only inside 
the recess 5 and the recess 8. That is, only inside the recess 
5 and the recess 8, the Cu film 12 is buried to comprise the 
barrier metal film 9 including the laminate film of the Ta film 
10 and TaN film 11, the conductive layer 14, the conductive 
plug 15, and the first reinforcing plug 16. As a result, to 
extend over the SiCN film 3 of the first layer from the SiC 
film 2 of the first layer, the Cu wiring layer 13 of the first 
layer including the Cu conductive layer 14 and Cu conduc 
tive plug (Cu conductive contact plug) 15, and the first 
reinforcing plug 16 of the first layer are formed. The Cu 
wiring layer 13 is a So-called Cu dual damascene wiring. 

0099. In the same manner as the Cu contact plug 15, the 
Cu first reinforcing plug 16 is formed extending through the 
SiCN film 3 of the first layer having a Young's modulus of 
about 30 GPa or more to indirectly contact the surface of the 
Si Substrate 1 via the barrier metal film 9. That is, the Cu first 
reinforcing plug 16 is formed to be Substantially connected 
to the Si Substrate 1 and the SiCN film 3 of the first layer via 
the barrier metal film 9 in the lower end (bottom portion). 
The Cu first reinforcing plug 16 is a So-called dummy plug 
(sacrifice plug) which does not Substantially function as the 
wiring. Moreover, the Cu first reinforcing plug 16 of the first 
layer may also be referred to as a Cu reinforcing contact plug 
or Cu Sacrifice contact plug. 
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0100 Next, as shown in FIG. 3B, on the SiC film 2 and 
Cu wiring layer 13 of the first layer, the SiCN film 3, the low 
relative dielectric constant film 4, and the SiC film (capping 
layer of a second layer) 2 of the Second layer are Succes 
sively stacked. Concretely, first on the surfaces of the SiC 
film 2 and Cu wiring layer 13 of the first layer, the CVD 
process is used to deposit the SiCN film 3 of the second layer 
in the film thickness of about 50 nm. The SiCN film 3 of the 
Second layer functions as a top barrier layer (film) of the first 
layer. Subsequently, on the surface of the SiCN film 3 of the 
second layer, the CVD process is used to deposit the low 
relative dielectric constant film 4 of the second layer until 
the film thickness reaches about 300 nm. Subsequently, on 
the Surface of the low relative dielectric constant film 4 of 
the second layer, the CVD process is used to deposit the SiC 
film 2 of the second layer until the film thickness reaches 
about 50 nm. 

0101 Next, as shown in FIG. 4, to extend over to the 
SiCN film 3 of the second layer from the SiC film 2 of the 
Second layer, a receSS for the wiring layer 17 of the Second 
layer is formed for forming a conductive layer 26 and 
conductive plug 27 of the second layer described later. In the 
Same manner as the conductive layer 14 and conductive plug 
15 of the first layer, the conductive plug 27 of the second 
layer is formed to be electrically connected to the conductive 
layer 26 of the Second layer, and comprises the conduction 
path to be actually energized together with the conductive 
layer 26. That is, the conductive layer 26 and conductive 
plug 27 comprise a wiring layer (effective wiring layer) 25 
which is actually energized to function as the essential 
wiring. In the Same manner as the wiring layer 13 of the first 
layer, for the wiring layer 25 of the second layer, the 
conductive layer 26 and conductive plug 27 are integrally 
formed. That is, the wiring layer 25 is formed in the dual 
damascene structure. Therefore, the recess 17 is formed in 
the two-stage Structure including a receSS for the conductive 
layer 18 in the top and a recess for the conductive plug 19 
in the bottom. In this case, the recess 18 and the recess 19 
are integrally formed. It is to be noted that the conductive 
plug 27 of the second layer is formed as the via plug 27 for 
Securing the conduction to the wiring layer 13 of the first 
layer formed in the low relative dielectric constant film 4 of 
the first layer. Therefore, the recess 19 of the second layer is 
formed as the usual recess for the via plug 19. 
0102) The recess 17 is formed, for example, using the 
RIE process. In this case, the recess 19 is formed extending 
through the SiCN film 3 of the second layer so as to expose 
the surface of the wiring layer 13 of the first layer so that the 
conduction of the via plug 27 to the wiring layer 13 of the 
first layer. 

0.103 Moreover, in the same manner as in the wiring 
layer 13 of the first layer, the wiring layer 25 (conductive 
layer 26) of the Second layer is connected to a first rein 
forcing plug 28 (mechanical reinforcing plug) of the Second 
layer in order to enhance the durability of the wiring layer 
25 against the heat StreSS generated in the wiring layer 25 
and the low relative dielectric constant film 4. In the present 
embodiment, three first reinforcing plugs 28 are formed 
whose upper ends (top portions) are directly connected to 
the underSurface (back Surface) of the conductive layer 26. 
That is, in the Same manner as the conductive layer 26 and 
conductive plug 27, the conductive layer 26 and three first 
reinforcing plugs 28 are formed in the dual damascene 
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Structure which is the integral Structure. Therefore, three 
recesses for the first reinforcing plugs 20 for forming the first 
reinforcing plugs 28 are formed integrally with the receSS 
18. In actual, each the recess 20 is formed in parallel with the 
recess 19 using the RIE process. Therefore, each the recess 
20 is formed extending through the SiCN film 3 of the 
second layer so as to expose the surface of the SiC film 2 of 
the first layer. 
0104. It is to be noted that in the actual RIE process, as 
shown in FIG. 4, there is a possibility of occurrence of a 
So-called overetching phenomenon in which the bottom 
portions of the recesses 20 extend below the surface of the 
SiC film 2 of the first layer. Even when this overetching 
phenomenon occurs, there is no problem as long as each the 
recess 20 has a depth to such an extent that the first 
reinforcing plug 28 of the Second layer formed in the receSS 
20 is not electrically connected to the essential wiring layer 
(not shown) provided below the plug. 
0105) Next, as shown in FIG. 5, a barrier metal film 21 
of the second layer is provided on the surface of the SiC film 
of the Second layer (capping layer of the Second layer) 2, 
inside the recess 17, and inside each the recess 20. In the 
same manner as in the barrier metal film 9 of the first layer, 
the Ta/TaN laminate film 21 including a Ta film 22 and TaN 
film 23 is employed in the barrier metal film 21 of the second 
layer. Concretely, the barrier metal film 21 is formed in the 
two-layer structure including the Ta film 22 formed inside to 
directly contact the wiring layer 25, and the TaN film 23 
provided outside the Ta film 22. The barrier metal film 21 is 
formed using the Sputtering film forming method of the bias 
application type So as to obtain the film thickness of about 
10 nm. 

0106 Subsequently, the Si Substrate 1 is conveyed in the 
high vacuum so as to prevent the Si Substrate 1 in which the 
barrier metal film 21 is formed from being exposed to the 
atmosphere, and is fed into the treatment chamber of the 
Sputtering device. Thereafter, the materials forming the 
conductive layer 26, conductive plug 27, and first reinforc 
ing plugs 28 are provided on the Surface of the Ta film 22. 
In the same manner as the conductive layer 14, conductive 
plug 15, and first reinforcing plug 16 of the first layer, the 
conductive layer 26, conductive plug 27, and first reinforc 
ing plugs 28 are integrally formed using Cul. Concretely, a 
plating seed layer (film) 24.a formed of Cu is first provided 
on the Surface of the Ta film 22. The SIS method is used to 
form the Cu plating seed layer 24a until the film thickness 
reaches about 70 nm in terms of the conversion to the Solid 
film. 

0107 Next, as shown in FIG. 6, a Cu plating film 24b is 
provided on the Surface of the Cu plating Seed layer 24a. In 
the same manner as the Cu plating film 12b of the first layer, 
the Cu plating film 24b is formed using the electrolytic 
plating proceSS. The Cu plating film 24b is formed integrally 
with the Cu plating Seed layer 24a. Accordingly, on the 
surface of the Ta film 22, a Cu film 24 of the second layer 
is formed which is the forming material of the conductive 
layer 26, conductive plug 27, and first reinforcing plugs 28. 
0108) Next, as shown in FIG. 7, the unnecessary barrier 
metal film 21 and Cu film 24 are removed. Concretely, the 
CMP process is used to grind and remove the barrier metal 
film 21 and Cu film 24 on the Surface of the SiC film of the 
Second layer (capping layer of the Second layer) 2. Accord 
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ingly, the unnecessary barrier metal film 21 and Cu film 24 
outside the recess 17 and the recesses 20 are removed from 
the capping layer 2, and the barrier metal film 21 and Cu film 
24 are left only inside the recess 17 and the recesses 20. That 
is, only inside the recess 17 and the recesses 20, the Cu film 
24 is buried to comprise the barrier metal film 21 including 
the laminate film of the Ta film 22 and TaN film 23, the 
conductive layer 26, the conductive plug 27, and the first 
reinforcing plugs 28. As a result, to extend over the SiCN 
film 3 of the second layer from the SiC film 2 of the second 
layer, the Cu wiring layer 25 of the Second layer including 
the Cu conductive layer 26 and Cu conductive plug (Cu 
conductive contact plug) 27, and three Cu first reinforcing 
plugs 28 of the second layer are formed. The Cu wiring layer 
25 is a So-called Cu dual damascene wiring. 
0109 The three Cu first reinforcing plugs 28 are formed 
substantially extending through the SiCN film 3 of the 
second layer to indirectly contact the SiC film 2 of the first 
layer via the barrier metal film 21. That is, each Cu first 
reinforcing plug 28 is formed to be Substantially connected 
to the SiCN film 3 of the second layer having a Young's 
modulus of about 30 GPa or more and the SiC film 2 of the 
first layer via the barrier metal film 21 in the lower end 
(bottom portion). In the same manner as the Cu first rein 
forcing plug 16 of the first layer, each first reinforcing plug 
28 of the Second layer is the dummy plug (sacrifice plug) 
which does not substantially function as the wiring. More 
over, the Cu first reinforcing plug 28 of the Second layer may 
also be referred to as the Cu reinforcing via plug or Cu 
Sacrifice Via plug. 
0110. By the above-described steps, an effective wiring 
area 29 including the two-layer Structure, which is com 
prised of the Cu wiring layer 13 of the first layer and the Cu 
wiring layer 25 of the second layer and which actually 
functions as the wiring, is formed on the Si Substrate 1. 

0111) Next, as shown in FIG. 8, the SiCN film 3 and 
passivation film 30 of a third layer are successively stacked 
on the SiC film 2 and wiring layer 25 of the second layer. 
Concretely, first on the Surfaces of the SiC film 2 and wiring 
layer 25 of the second layer, the CVD process is used to 
deposit the SiCN film 3 of the third layer until the film 
thickness reaches about 50 nm. The SiCN film 3 of the third 
layer functions as the top barrier layer (film) of the Second 
layer. Subsequently, on the Surface of the top barrier layer 
(SiCN film) 3 of the second layer, for example, the CVD 
process is used to form the passivation film 30 which is 
formed of a predetermined material and has a predetermined 
film thickness. Thereafter, through predetermined Steps, a 
desired semiconductor device 31 shown in FIG. 8 is 
obtained. That is, the semiconductor device 31 of the present 
embodiment including a two-layer laminate wiring Struc 
ture. 

0112 Next, when heat is added to the semiconductor 
device 31, the heat StreSS is generated in the low relative 
dielectric constant film 4 including the two-layer Structure, 
the Cu wiring layer 13 and Cu reinforcing plug 16 of the first 
layer, and the Cu wiring layer 25 and Cu reinforcing via 
plugs 28 of the Second layer. The heat StreSS and a load 
caused by the heat stress will be described with reference to 
FIG. 9. It is to be noted that in FIG. 9, for ease of seeing the 
direction of the main heat StreSS generated inside the Semi 
conductor device 31, hatching is omitted to show the low 
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relative dielectric constant film 4, Cu wiring layer 13, Cu 
reinforcing contact plug 16, Cu wiring layer 25, and Cu 
reinforcing via plugs 28. 

0113. In FIG. 9, Solid-line and broken-line arrows show 
the direction of the main heat StreSS generated in the Semi 
conductor device 31. Concretely, the broken-line arrows in 
FIG. 9 show the heat stress generated in the low relative 
dielectric constant film 4, Cu wiring layer 13, and Cu wiring 
layer 25 at the time of application of the heat to the 
semiconductor device 31, and the directions of the loads 
caused by the heat stress. The Solid-line arrows in FIG. 9 
show the directions of stresses (drags) generated in the Cu 
conductive contact plug 15, Cu reinforcing contact plug 16, 
Cu conductive via plug 27, and Cu reinforcing via plugs 28 
against the heat StreSS and heat StreSS load at the time of the 
application of the heat to the semiconductor device 31. In the 
following description, for the heat StreSS and heat StreSS load 
shown by the broken-line arrows in FIG. 9, the heat stress 
and heat stress load of the Cu wiring layer 13 (Cu conductive 
layer 14) and Cu wiring layer 25 (Cu conductive layer 26) 
along the longitudinal direction will generically be referred 
to as a horizontal load StreSS. Similarly, for the heat StreSS 
and heat stress load shown by the broken-line arrows in 
FIG. 9, the heat stress and heat stress load of the low relative 
dielectric constant film 4 along the thickness direction will 
generically be referred to as a vertical load StreSS. 
0114. As shown in FIG. 9, the Cu reinforcing contact 
plug 16 provided under the Cu wiring layer 13 (Cu conduc 
tive layer 14) of the first layer is substantially connected to 
the Si Substrate 1 and the SiCN film 3 of the first layer. 
Similarly, the Cu reinforcing via plugs 28 provided under the 
Cu wiring layer 25 (Cu conductive layer 26) of the second 
layer are substantially connected to the SiC film of the first 
layer (capping layer of the first layer) 2 and the SiCN film 
of the second layer (Cu wiring top barrier layer of the first 
layer) 3. Moreover, the Cu reinforcing contact plug 16 is 
provided in the vicinity of the Cu conductive contact plug 15 
at a predetermined interval C. Furthermore, three Cu rein 
forcing via plugs 28 are provided to be distant from one 
another in a predetermined range A from the Cu conductive 
via plug 27. Additionally, among three Cu reinforcing via 
plugs 28, the Cu reinforcing via plug 28 closest to the Cu 
conductive via plug 27 is provided in the vicinity of the Cu 
conductive via plug 27 at a predetermined interval B. 
According to this Structure, a possibility that the horizontal 
and Vertical load Stresses are concentrated in the Cu con 
ductive contact plug 15 and Cu conductive via plug 27 can 
be reduced. Additionally, a possibility that the horizontal and 
Vertical load StreSSes are concentrated in the effective wiring 
area 29 including the Cu wiring layer 13 and Cu wiring layer 
25 can be reduced. This will concretely be described here 
inafter. 

0115. It is known that the low relative dielectric constant 
film 4 has the Young's modulus indicating the mechanical 
Strength essentially Smaller than that of SiO-based insulat 
ing film as the general interlayer insulating film by about 1 
to 20 GPa. According to an experiment carried out by the 
present inventors, it has been confirmed that there is a 
certain degree of correlation between the relative dielectric 
constant and Young's modulus of the low relative dielectric 
constant film 4. For example, for the low relative dielectric 
constant film 4 having a relative dielectric constant k of 
about 3.4, it has been confirmed that the Young's modulus 
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corresponds to about 20 GPa. Moreover, when the low 
relative dielectric constant film 4 having the Young's modu 
lus indicating the strength of about 20 GPa or less is used as 
the interlayer insulating film, it is feared that various prob 
lems are caused by the heat in the heating process. 

0.116) That is, in a case of the Young's modulus of the low 
relative dielectric constant film 4 comprising the interlayer 
insulating film is Small, and when the heat is added to the Cu 
wiring layer 13 and Cu wiring layer 25 provided in the low 
relative dielectric constant film 4, a force with which the 
thermal distortion generated in the respective wiring layers 
13, 25 has been Suppressed weakens. Then, the heat StreSS 
generated in the respective wiring layerS 13, 25 drops, but 
the respective wiring layers 13, 25 are freely deformed 
(expanded/contracted). As a result, the loads by the defor 
mation (displacement) of the wiring layers 13, 25 are applied 
to the Cu conductive contact plug 15 and Cu conductive via 
plug 27 formed in the ends of the wiring layers 13, 25. The 
StreSS along the longitudinal direction of each wiring layer 
13, 25 comprises the horizontal load stress. 

0117 Moreover, it is known that the low relative dielec 
tric constant film 4 has the coefficient of linear expansion 
higher than that of the general SiO-based insulating film or 
wiring by about 20 to 70 ppm. For example, the coefficient 
of expansion of Cu which is the material of each wiring layer 
13, 25 is about 16 ppm. Therefore, for example, when the 
heat is added to the low relative dielectric constant film 4, 
the low relative dielectric constant film 4 easily thermally 
expands along the thickness direction, and the load by the 
heat StreSS along the thickness direction is easily generated 
in the film. That is, in the low relative dielectric constant film 
4, the load by the heat StreSS is easily generated along the 
direction vertical to the Surface of the Si Substrate 1, or the 
height direction of each plug 15, 16, 27, 28 in the film. The 
StreSS along the thickneSS direction of the low relative 
dielectric constant film 4 comprises the vertical load StreSS. 

0118. Additionally, as shown in FIG. 9, in the semicon 
ductor device 31 of the present embodiment, the Cu con 
ductive contact plug 15 and Cu reinforcing contact plug 16 
are integrally formed with the Cu conductive layer 14 
provided in the low relative dielectric constant film 4, and 
are substantially connected to the Si Substrate 1 and the 
SiCN film 3 of the first layer. Accordingly, the Cu conduc 
tive layer 14 is substantially connected to the Si Substrate 1 
and the SiCN film 3 of the first layer via the Cu reinforcing 
contact plug 16. Similarly, one Cu reinforcing via plug 27 
and three Cu reinforcing via plugs 28 are formed integrally 
with the Cu conductive layer 26 provided in the low relative 
dielectric constant film 4, and are Substantially connected to 
the Cu conductive layer 14 (Cu wiring layer 13)/SiC film 2 
of the first layer, and the SiCN film 3 of the second layer. 
Accordingly, the Cu conductive layer 26 is Substantially 
connected to the SiC film 2 of the first layer and the SiCN 
film 3 of the Second layer via each Cu reinforcing via plug 
28. The Young's modulus of each of the SiC film 2 of the 
first layer, and the SiCN films 3 of the first and second layers 
is 30 GPa or more, and the films have a strength higher than 
that of the low relative dielectric constant film 4. The Si 
substrate 1 also has a Young's modulus of 30 GPa or more, 
and, needless to Say, has the Strength higher than that of the 
low relative dielectric constant film 4. Therefore, the Si 
Substrate 1 also functions as a third reinforcing material. 
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0119) According to the structure, in the heating step in the 
proceSS for manufacturing, for example, the Semiconductor 
device 31, the deformation (stretching) of the Cu conductive 
layers 14, 26 in the low relative dielectric constant film 4 by 
the heat along the longitudinal direction can be Suppressed 
by the Cu reinforcing contact plug 16 and each Cu reinforc 
ing via plug 28. Additionally, the loads by the heat Stresses 
generated in the conductive portions Such as the Cu con 
ductive layers 14, 26 and Cu conductive plugs 15, 27 are 
diffused by the Cu reinforcing contact plug 16 and each Cu 
reinforcing via plug 28, alleviated or absorbed, or can be 
allowed to escape. 

0120 Moreover, for example, the thermal expansion of 
the low relative dielectric constant film 4 along the thickneSS 
direction can be Suppressed by the Cu reinforcing contact 
plug 16 and each Cu reinforcing via plug 28. Additionally, 
the load by the heat StreSS generated in the low relative 
dielectric constant film 4 by the thermal expansion of the 
low relative dielectric constant film 4 is diffused, alleviated 
or absorbed, or can be allowed to escape by the Cu rein 
forcing contact plug 16 and each Cu reinforcing via plug 28. 
Accordingly, the load by the thermal expansion of the low 
relative dielectric constant film 4 can be inhibited from 
being concentrated on the conductive portions Such as the 
Cu conductive layers 14, 26 and Cu conductive plugs 15, 27. 

0121. In this manner, in the semiconductor device 31 of 
the present embodiment, the possibility that the horizontal 
and vertical load Stresses are concentrated on the Cu con 
ductive contact plug 15 and Cu conductive via plug 27 can 
be reduced by the Cu reinforcing contact plug 16 and Cu 
reinforcing via plug 28. Especially, the possibility that the 
horizontal and vertical load Stresses are concentrated on 
upper and lower ends of each of the Cu conductive contact 
plug 15 and Cu conductive via plug 27. 

0122) Moreover, as shown in FIG. 9, when the horizontal 
and Vertical load Stresses are applied to the Cu reinforcing 
contact plug 16 and Cu reinforcing via plugs 28, the drag 
against the StreSS is generated in the respective reinforcing 
plugs 16, 28 themselves. As shown by the solid-line arrows 
in FIG. 9, the direction of the drag generated in the 
reinforcing plugs 16, 28 themselves is opposite to that of the 
horizontal and vertical load StreSSes applied to the reinforc 
ing plugs 16, 28 shown by the broken-line arrows in FIG. 9. 
Therefore, the horizontal and vertical load Stresses applied to 
the reinforcing plugs 16, 28 can be reduced by the drags 
against the heat StreSSes generated in the reinforcing plugs 
16, 28 themselves. Additionally, the horizontal and vertical 
load Stresses applied to the reinforcing plugs 16, 28 can be 
cancelled out by the drags against the heat Stresses generated 
in the reinforcing plugs 16, 28 themselves. In this manner, 
in the semiconductor device 31 of the present embodiment, 
the loads by the heat StreSSes generated in the conductive 
portions Such as the Cu conductive layerS 14, 26 and Cu 
conductive plugs 15, 27 can be reduced or cancelled out by 
the drags against the heat Stresses generated in the reinforc 
ing plugs 16, 28. 

0123 That is, in the semiconductor device 31 structured 
as described above, the horizontal and Vertical load stresses 
generated inside can be reduced by the whole effective 
wiring area 29 including the Cu reinforcing contact plug 16 
and Cu reinforcing via plugs 28. The loads applied to the Cu 
conductive contact plug 15 and Cu conductive via plug 27 
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are reduced by the Cu reinforcing contact plug 16 and Cu 
reinforcing via plug 28. Therefore, there is hardly a possi 
bility that the Cu conductive contact plug 15 or the Cu 
conductive via plug 27 is deteriorated by the applied load. 
0.124. In this manner, in the semiconductor device 31 of 
the present embodiment, there is hardly a possibility that the 
Cu conductive contact plug 15 or the Cu conductive via plug 
27 is destroyed by the horizontal and vertical load stresses 
generated by the heat. Moreover, there is also hardly a 
possibility that the barrier metal film with which the Cu 
conductive contact plug 15 and Cu conductive via plug 27 
are coated is destroyed by the horizontal and vertical load 
Stresses. That is, there is hardly a possibility that the con 
ductive portion (Cu wiring layers 13, 25) comprised of the 
Cu conductive layers 14, 26 and Cu conductive plugs 15, 27 
is destroyed. Accordingly, there is hardly a possibility of 
occurrence of open defects of the wiring layerS 13, 25, 
Short-circuit between the conductive portions provided adja 
cent to each other, or device defect in the device 31 by the 
projecting of the wiring material of Cu into the low relative 
dielectric constant film (interlayer insulating film) 4 from the 
conductive plugs 15, 27. That is, the semiconductor device 
31 of the present embodiment hardly has a possibility of 
occurrence of fatal plug defects. Additionally, there is hardly 
a possibility that the fatal defects are generated in the 
effective wiring area 29 actually functioning as the essential 
wiring. 

0.125 Therefore, the semiconductor device 31 of the 
present embodiment hardly has a possibility that the fatal 
defect is caused in the device and the manufacturing process. 
AS a result, there is hardly a possibility of deterioration of 
capability and quality of the Semiconductor device 31 or 
reliability of the semiconductor device 31. Additionally, 
there is hardly a possibility of deterioration of yield of the 
Semiconductor device 31 because of the manufacturing of 
defective products or deterioration of production efficiency 
of the semiconductor device 31. 

0126) Next, tests carried out by the present inventors and 
results will be described with reference to FIG. 9 and Tables 
1 to 3. 

0127. First, here, to evaluate an effect of stress alleviation 
by the Cu reinforcing via plugs 28, the interlayer insulating 
film 4 of the first layer was formed in a TEOS film having 
a Young's modulus of about 60 GPa, and the interlayer 
insulating film 4 of the Second layer was formed in a low 
relative dielectric constant film having a Small Young's 
modulus. Additionally, each diameter of the Cu conductive 
contact plug 15, Cu reinforcing contact plug 16, Cu con 
ductive via plug 27, and Cu reinforcing via plug 28 was 
formed in about 0.13 lum. Moreover, the interval B between 
the plugs 27, 28 shown in FIG. 9 and the number of plugs 
27, 28 were set as shown in Tables 1 to 3, and the Cu wiring 
layers (Cu dual damascene wirings) 13, 25 were formed. 
Furthermore, each of the Cu wiring layers 13, 25 was formed 
as a Single wiring. In this case, a wiring width of a wiring 
pattern of each of the Cu wiring layers 13, 25 was set to 
about 0.13 um, and a wiring length was Set to about 100 um. 
It is to be noted that although not shown, the interval 
between the Cu reinforcing via plugs 28 conforms to the 
interval B. 

0128 Moreover, a so-called borderless chain pattern was 
formed in which the Cu wiring layer 13 of the first layer was 
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electrically connected to the Cu wiring layer 25 of the 
Second layer in a Stacking direction via a Single Cu conduc 
tive via plug 27 having an electric circuit function. A Scale 
of the plug having the electric circuit function of this pattern 
was set to 10k plugs. A terminal end (not shown) of each of 
the Cu wiring layers 13, 25 was connected to four terminals, 
and electric resistance fluctuations of the Cu wiring layers 
13, 25 as the two-layer wiring layer (multi-layered wiring 
layer) were measured. Furthermore, a large number of 
borderleSS chain patterns of the plugs were provided at an 
interval of about 2 um. 

0129. Furthermore, the top barrier film (layer) and cap 
ping film (layer) which were reinforcing materials were 
formed in the same type of films. Concretely, the respective 
films were formed/divided in three different types of films 
including an SiC-based film whose forming material had a 
Young's modulus of about 30 GPa, an MSQ-based film 
indicating about 20 GPa, and a p-SiH film indicating about 
60 GPa. The Young's modulus was measured using Nano 
Indenter manufactured by MTS Systems Co. 

0130 Based on the above-described settings, for a pur 
pose of evaluating the reliability of the effective wiring area 
29 and further the whole semiconductor device 31, after 
adding ten thermal cycles at room temperature to about 400 
C. in a multi-layered wiring process Step, an electric resis 
tance change was measured. This result is also shown in 
Table 1. Evaluations were carried out by the following 
Standards. The Cu wiring layerS 13, 25 indicating an electric 
resistance increase ratio of 10% or more after the test are 
assumed as defective. Moreover, a yield of 90% or less in the 
manufacturing process of the Semiconductor device 31 was 
evaluated as x, a yield of 90 to 99% was evaluated as A, and 
a yield of 99% or more was evaluated as O. 

TABLE 1. 

Top Barrier Layer Young's Modulus: 30 GPa 

Number of Plug interval Evaluation 
plugs (um) result 

1. 
2 O.26 

O.39 
3 O.26 

O.39 
0.52 
1.04 

4 O.26 
O.39 
0.52 
1.04 

5 O.26 
O.39 
0.52 
1.04 

X 

0131) 

TABLE 2 

Top Barrier Layer Young's Modulus: 20 GPa 

Number of Plug interval Evaluation 
plugs (um) result 

5 O.26 A 
O.39 A 
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TABLE 2-continued 

Top Barrier Layer Young's Modulus: 20 GPa 

Number of Plug interval Evaluation 
plugs (um) result 

0.52 X 
1.04 X 

0132) 

TABLE 3 

Top Barrier Layer Young's Modulus: 60 GPa 

Number of Plug interval Evaluation 
plugs (um) result 

1. X 
2 O.26 X 

O.39 X 
3 O.26 O 

O.39 O 
0.52 O 
1.04 O 

0.133 As shown in Tables 1 to 3, as a result of this test, 
comparative materials (samples) not including the Cu rein 
forcing plug 28 and having the number of plugs of 1 were 
all defective regardless of the Young's modulus of the top 
barrier layer or the capping layer. On the other hand, for 
Samples each of which included three or more plugs (two or 
more Cu reinforcing plugs 28) including the Cu conductive 
plug 27 and in which the interval between the Cu conductive 
plugs 27 or the Cu reinforcing plugs 28 was about 1 um or 
less, when the Young's modulus of the top barrier layer or 
the capping layer was about 30 GPa or more, the yield was 
all 99% or more. That is, it was possible to obtain remark 
ably Satisfactory results. It is to be noted that although not 
shown, according to additional tests carried out by the 
present inventors, when three or more plugs including the 
Cu conductive plug 27 are provided, and even when the 
interval between the Cu conductive plugs 27 or the Cu 
reinforcing plugs 28 is about 1.5 um depending on the 
diameter of each plug, the yield of the sample is 99% or 
more. That is, it was possible to obtain the remarkably 
Satisfactory results. 

0.134 Moreover, as seen from Table 2, even when five 
plugs including the Cu conductive plug 27 (four Cu rein 
forcing plugs 28) were provided, and when the Young's 
modulus of the top barrier layer or the capping layer was 
below about 30 GPa, the yield dropped, and it was impos 
sible to obtain satisfactory results. From this, it has been 
found that the reinforcing film (reinforcing material) in 
contact with the lower end (bottom portion) of the Cu 
reinforcing plug 28 needs to have the Strength indicated by 
the Young's modulus of about 30 GPa or more. 

0135) In this manner, according to the present test, it has 
been found that by the appropriate Settings of the intervals 
B, C between the respective plugs 15, 16, 27, 28 and the 
Young's modulus of the reinforcing material to appropriate 
values, it is possible to form the semiconductor device 31 
having a high reliability. 
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0136. It is to be noted that the Smaller the intervals B, C 
between the Cu reinforcing plugs 16, 28 are, the greater an 
effect of reducing the StreSS becomes. Additionally, for the 
appropriate number of plugs and interval for each of the 
horizontal and Vertical load Stresses, the following values 
are preferable from the above-described results of the tests. 
0.137 For a purpose of alleviating the vertical load stress, 
the plug interval B is preferably about 5 um or less. Even 
when only one Cu reinforcing plug 16, 28 is provided, the 
Vertical load StreSS can be alleviated. On the other hand, also 
in consideration of the alleviation of the horizontal load 
StreSS, it is preferable that three or more plugs including the 
Cu conductive plugs 15, 27 having the electric circuit 
function (two or more Cu reinforcing plugs 28) be provided. 
Moreover, the Cu conductive plugs 15, 27 and Cu reinforc 
ing plugs 16, 28 are preferably provided So that the plug 
interval B, C is about 1 um or less. Additionally, the plug 
interval B, C may be about 1 um (defined interval) or less as 
described above, and does not have to be equal. Even for a 
purpose of alleviating either the vertical load StreSS or the 
horizontal load StreSS, it has been found that a range in which 
the plugs are provided, shown by Ain FIG. 9, may be about 
5 um or less. Furthermore, although not shown, in an area 
where there is not any electric connection and conductive 
wirings interSect with one another, it has been found that 
deterioration is not recognized in the StreSS alleviation effect 
depending on the Strength of each wiring without providing 
any reinforcing plug in the defined interval. 

0.138. As described above, according to the first embodi 
ment, in the Semiconductor device 31 including the inter 
layer insulating film comprised of the low relative dielectric 
constant film 4, the durability of the Cu wiring layers 13, 25 
against the load by the heat StreSS generated in the conduc 
tive portions such as the Cu wiring layers 13, 25 and the low 
relative dielectric constant film 4 is enhanced, and the 
reliability is enhanced. It is to be noted that, for example, in 
the wiring layer including no reinforcing plug, the StreSS 
concentrated on the Single conductive plug (horizontal load 
stress) may also be diffused by dividing the wiring layer into 
Short wirings in a multi-layered Structure. Additionally, with 
the division into the short wirings, two layers are required 
for holding a conductive function for one layer, and there 
fore design is largely restricted. On the other hand, in the 
semiconductor device 31 of the present embodiment, the 
reinforcing plugs 16, 28 are formed So as to avoid the 
conductive wiring in the underlayers. Accordingly, it is 
possible to fulfill a stress reduction function with respect to 
both the vertical and horizontal load stresses. Therefore, 
according to the Semiconductor device 31 of the present 
embodiment, without increasing the number of wiring lay 
ers, it is possible to provide the Semiconductor device 31 
including the multi-layered wiring layer comprised of a Cu 
wiring layer/low-k film Structure having a high reliability. 

0139) Second Embodiment 
0140 Next, a second embodiment according to the 
present invention will be described with reference to FIGS. 
10 to 12. FIG. 10 is a sectional view showing the semicon 
ductor device according to the second embodiment. FIG. 11 
is a Sectional view Schematically showing the wiring Struc 
ture inside the Semiconductor device according to the Second 
embodiment and the heat StreSS generated in the device. 
FIG. 12 is a plan view showing areas where the wiring layer 
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and reinforcing layer of the Semiconductor device according 
to the second embodiment are provided. It is to be noted that 
the same components as those of the first embodiment are 
denoted with the same reference numerals, and the detailed 
description will be omitted. 
0.141. In the present embodiment, as shown in FIG. 10, 
characteristics lie in that a reinforcing wiring area (sacrifice 
multi-layered wiring) 54 is formed in a space area (field 
area) of the low relative dielectric constant film 4 in a broad 
range in which the Cu wiring layers 13, 25 are not formed. 
The reinforcing wiring area (sacrifice multi-layered wiring) 
54 is comprised of reinforcing wiring layers (reinforcing 
conductive layer, Sacrifice wiring) which do not have any 
electric circuit function and which are connected to one 
another in a Stacking direction using reinforcing plugs 47, 
53. An example of the two-layer structure will concretely be 
described hereinafter. 

0142. As shown in FIG. 10, in the first layer, a reinforc 
ing wiring layer 45 of the first layer comprised of one 
reinforcing metal layer 46 and two reinforcing plugs (second 
reinforcing plugs) 47 is provided in the vicinity of the Cu 
wiring layer 13. In the same manner as the Cu wiring layer 
13, the reinforcing wiring layer 45 is formed of Cu. The 
reinforcing wiring layer 45 is formed in the dual damascene 
Structure in which the reinforcing metal layer 46 and rein 
forcing plugs 47 are integrated. Therefore, a receSS for the 
reinforcing wiring layer 42 of the first layer in which the 
reinforcing wiring layer 45 of the first layer is formed is 
formed in the two-stage Structure including a receSS for the 
reinforcing metal layer 43 in the top and a recess for the 
reinforcing plug 44 in the bottom. In this case, the receSS 43 
is formed integrally with the recess 44. The recess 44 is 
formed extending through the SiCN film 3 of the first layer 
So as to expose the Surface of the Si Substrate 1 So that each 
of the reinforcing plugs 47 can Substantially contact the Si 
substrate 1. The recess 42 of the first layer is formed in 
parallel with the recess 5 of the first layer using the RIE 
proceSS. 

0.143 Outside the reinforcing wiring layer 45, the barrier 
metal film 9 comprised of the laminate film of the Ta film 10 
and TaN film 11 is provided. Each reinforcing plug 47 is 
formed extending through the SiCN film 3 of the first layer 
having a Young's modulus of about 30 GPa or more so as to 
indirectly contact the Surface of the Si Substrate 1 via the 
barrier metal film 9 in the same manner as the Cu conductive 
contact plug 15 and Cu reinforcing contact plug 16. That is, 
the reinforcing plug 47 is formed to be substantially con 
nected to the Si Substrate 1 and the SiCN film 3 of the first 
layer via the barrier metal film 9 in the lower end (bottom 
portion). It is to be noted that when the reinforcing plug 47 
of the reinforcing wiring area 54 is connected to the Si 
Substrate 1 as the reinforcing material, an area of the Si 
substrate 1 connected to the contact plug 15 in the effective 
wiring area 29 is electrically insulated from that of the Si 
Substrate 1 connected to the reinforcing plug 47. 
0144) Moreover, the reinforcing metal layer 46 is formed 
to be electrically cut from the Cu wiring layer 13. That is, the 
reinforcing wiring layer 45 is insulated from the Cu wiring 
layer 13. Therefore, the reinforcing wiring layer 45 is 
formed as a dummy wiring (sacrifice wiring) which does not 
actually function as the wiring. The reinforcing plug 47 of 
the first layer may also be referred to as the reinforcing 
contact plug or the Sacrifice contact plug. 
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0145 The reinforcing wiring layer 45 and barrier metal 
film 9 of the first layer are formed in parallel with the 
formation of the Cu wiring layer 13 and barrier metal film 
9 of the first layer. Moreover, in the following description, 
the reinforcing wiring layer 45, reinforcing metal layer 46, 
and reinforcing plugs 47 will be referred to as the Cu 
reinforcing wiring layer 45, Cu reinforcing metal layer 46, 
and Cu reinforcing contact plugs 47, respectively. 

0146 In the second layer, a reinforcing wiring layer 51 of 
the Second layer comprised of one reinforcing metal layer 52 
and one reinforcing plug (second reinforcing plug) 53 is 
provided. The reinforcing wiring layer 51 of the semicon 
ductor device is provided continuing from the reinforcing 
wiring layer 45 of the first layer along the Stacking direction 
of the interlayer insulating film (low relative dielectric 
constant film) 4. The reinforcing wiring layer 51 is formed 
of Cu in the same manner as the Cu wiring layer 25. The 
reinforcing wiring layer 51 is formed in the dual damascene 
Structure in which the reinforcing metal layer 52 and rein 
forcing plug 53 are integrated. Therefore, a receSS for the 
reinforcing wiring layer 48 of the second layer in which the 
reinforcing wiring layer 51 of the Second layer is formed is 
formed in the two-stage Structure including a receSS for the 
reinforcing metal layer 49 in the top and a receSS for the 
reinforcing plug 50 in the bottom. In this case, the recess 49 
is formed integrally with the recess 50. The recess 50 is 
formed extending through the SiCN film 3 of the second 
layer So as to expose the Cu reinforcing wiring layer 45 (Cu 
reinforcing metal layer 46) of the first layer so that the 
reinforcing plug 53 can Substantially contact the Cu rein 
forcing wiring layer 45 (Cu reinforcing metal layer 46) of 
the first layer. The recess 48 of the second layer is formed in 
parallel with the recess 17 of the second layer using the RIE 
proceSS. 

0147 Outside the reinforcing wiring layer 51, the barrier 
metal film 21 comprised of the laminate film of the Ta film 
22 and TaN film 23 is provided. Each reinforcing plug 53 is 
formed substantially extending through the SiCN film 3 of 
the Second layer So as to indirectly contact the Surface of the 
Cu reinforcing wiring layer 45 (Cu reinforcing metal layer 
46) via the barrier metal film 21 in the same manner as the 
Cu conductive contact via plug 27. That is, the reinforcing 
plug 53 is formed to be substantially connected to the Cu 
reinforcing metal layer 46 and the SiCN film 3 of the second 
layer having a Young's modulus of about 30 GPa or more via 
the barrier metal film 21 in the lower end (bottom portion). 
0148 Moreover, the reinforcing metal layer 52 is formed 
to be electrically cut from the Cu wiring layer 25. That is, the 
reinforcing wiring layer 51 is insulated from the Cu wiring 
layer 25. Therefore, the reinforcing wiring layer 51 is 
formed as the dummy wiring (sacrifice wiring) which does 
not actually function as the wiring. The reinforcing plug 53 
of the Second layer may also be referred to as the reinforcing 
via plug or the Sacrifice via plug. 

014.9 The reinforcing wiring layer 51 and barrier metal 
film 21 of the second layer are formed in parallel with the 
formation of the Cu wiring layer 25 and barrier metal film 
21 of the second layer. Moreover, in the following descrip 
tion, the reinforcing wiring layer 51, reinforcing metal layer 
52, and reinforcing plug 53 will be referred to as the Cu 
reinforcing wiring layer 51, Cu reinforcing metal layer 52, 
and Cu reinforcing via plug 53, respectively. 
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0150. In this manner, the Cu reinforcing wiring layer 45 
of the first layer and the Cu reinforcing wiring layer 51 of the 
Second layer are dummy wirings (sacrifice wirings) which 
do not actually function as the wirings. That is, the respec 
tive Cu reinforcing wiring layers 45, 51 comprise the 
reinforcing wiring area 54 including the two-layer Structure 
for enhancing the mechanical Strength of the adjacent effec 
tive wiring area 29. Therefore, as shown in FIG. 10, a 
semiconductor device 41 of the present embodiment 
includes the effective wiring area 29 and reinforcing wiring 
area 54 each including the two-layer laminate wiring Struc 
ture. According to the Structure, a possibility that the hori 
Zontal and vertical load Stresses are concentrated on the 
effective wiring area 29 including the Cu wiring layer 13 and 
Cu wiring layer 25 can be reduced. Especially a possibility 
that the vertical load StreSS is concentrated on the effective 
wiring area 29 can be reduced. This will concretely be 
described hereinafter with reference to FIG. 11. 

0151. It is to be noted that in FIG. 11, for ease of seeing 
the direction of the main heat StreSS generated inside the 
Semiconductor device 41, the hatching is omitted in drawing 
the low relative dielectric constant film 4, Cu wiring layer 
13, Cu reinforcing contact plug 16, Cu wiring layer 25, Cu 
reinforcing via plugs 28, Cu reinforcing wiring layer 45, and 
Cu reinforcing wiring layer 51. The stresses (loads, drags) 
shown by the Solid-line and broken-line arrows in FIG. 11 
are similar to those shown by the solid-line and broken-line 
arrows in FIG. 9. 

0152. As shown in FIG. 11, in the semiconductor device 
41 of the present embodiment, the Cu reinforcing metal 
layer 46 electrically disconnected from the Cu wiring layer 
13 is provided in the vicinity of the Cu wiring layer 13 in the 
interlayer insulating film of the first layer including the low 
relative dielectric constant film 4. Two Cu reinforcing con 
tact plugs 47 are formed integrally with the Cu reinforcing 
metal layer 46, and are Substantially connected to the Si 
substrate 1 and the SiCN film 3 of the first layer. Accord 
ingly, the Cu reinforcing metal layer 46 is Substantially 
connected to the Si Substrate 1 and the SiCN film 3 of the 
first layer via each Cu reinforcing contact plug 47. Similarly, 
two Cu reinforcing metal layerS 52 electrically disconnected 
from the Cu wiring layer 25 are provided above the Cu 
reinforcing metal layer 46 in the interlayer insulating film of 
the Second layer including the low relative dielectric con 
stant film 4. The Cu reinforcing via plug 53 is formed 
integrally with each Cu reinforcing metal layer 52, and is 
Substantially connected to the Cu reinforcing metal layer 46 
(Cu reinforcing wiring layer 45) of the first layer and the 
SiCN film 3 of the second layer. Accordingly, each Cu 
reinforcing metal layer 52 is Substantially connected to the 
Cu reinforcing metal layer 46 (Cu reinforcing wiring layer 
45) of the first layer and the SiCN film 3 of the second layer 
via each Cu reinforcing via plug 53. 
0153. According to the structure, in the heating step in the 
process for manufacturing, for example, the Semiconductor 
device 41, the thermal expansion of the low relative dielec 
tric constant film 4 along the thickness direction can be 
Suppressed by the Cu reinforcing contact plug 47 and each 
Cu reinforcing via plug 53. Additionally, the load by the heat 
StreSS generated in the low relative dielectric constant film 4 
by the thermal expansion of the low relative dielectric 
constant film 4 is diffused by the Cu reinforcing contact plug 
47 and each Cu reinforcing via plug 53, alleviated or 
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absorbed, or can be allowed to escape. Accordingly, the load 
by the thermal expansion of the low relative dielectric 
constant film 4 can be inhibited from being concentrated on 
the conductive area (effective wiring area) 29 such as the Cu 
conductive layers 14, 26 and Cu conductive plugs 15, 27. 
The load by the heat stress generated in the low relative 
dielectric constant film 4 can be reduced by the drag against 
the heat StreSSes generated in the Cu reinforcing metal layers 
46, 52 and the Cu reinforcing plugs 47, 53. 

0154) Next, the tests and results carried out by the present 
inventors will be described with reference to FIGS. 11 and 
12, and Table 4. 
O155 By a test process similar to that of the first embodi 
ment, pattern dependence evaluation was carried out with 
respect to Vertical load StreSS resistance for the effective 
wiring area 29 of the semiconductor device 41. It is to be 
noted that an evaluation method also conformed to that of 
the first embodiment. Additionally, in the present test, for the 
interlayer insulating films 4 of the first and Second layers, a 
methyl polysiloxane (MSO)-based low relative dielectric 
constant film (low-k film) having physical values such as a 
Young's modulus of about 10 GPa and a coefficient of linear 
expansion of about 60 ppm was used. In the top barrier film 
3, the SiCN film 3 having a Young's modulus of about 30 
GPa was employed. 
0156. In the present test, the peripheral structure of the 
effective wiring area 29 having the electric circuit function 
was set as follows. Based on the test result of the first 
embodiment, four Cu conductive contact plugs 15 and Cu 
reinforcing contact plugs 16 in total, and four Cu conductive 
via plugs 27 and Cu reinforcing via plugs 28 in total were 
provided. An interval C between the Cu conductive contact 
plug 15 and the Cu reinforcing contact plug 16, or an interval 
between the Cu reinforcing contact plugs 16 was Set to about 
0.26 lum. On the other hand, in the Cu wiring layer 25 of the 
Second layer, the Cu conductive via plugs 27 and Cu 
reinforcing via plugs 28 were provided at intervals shown in 
Table 4. Furthermore, as shown in FIGS. 11 and 12, the 
reinforcing wiring area (reinforcing multi-layered wiring 
area) 54 was provided at an interval (E) shown in Table 4 in 
the Space area (field area) provided adjacent to the effective 
wiring area 29. 
O157 Moreover, the interval between the Cu reinforcing 
plugs 47 or 53 of the reinforcing wiring area 54 was set to 
be the same as the plug interval B formed in the effective 
wiring area 29 having the electric circuit function based on 
the test results of the first embodiment. Furthermore, the 
reinforcing wiring area 54 includes a structure in which the 
Cu reinforcing wiring layers 45, 51 are provided to substan 
tially croSS at right angles to each other between the layers. 
The wiring width was formed to be equal to the width of the 
Space provided adjacent to each of the Cu reinforcing wiring 
layers 45, 51. That is, the reinforcing wiring area 54 was 
formed So that a So-called line and Space pattern has an equal 
interval. Additionally, the Cu reinforcing wiring layerS 45, 
51 were formed so as to obtain a minimum rule width of a 
design rule determined for each layer. 
0158) As shown in FIG. 11, the interval between the Cu 
reinforcing contact plugs 47 or between the Cu reinforcing 
via plugs 53 was set to D. As shown in FIGS. 11 and 12, the 
interval between the Cu conductive layer 14 and Cu rein 
forcing metal layer 46 of the first layer was set to E. 
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Additionally, Sizes and shapes of wiring patterns of the Cu 
wiring layers 13, 25 and Cu reinforcing wiring layers 45, 51 
shown in FIG. 12 do not agree with those of the Cu wiring 
layers 13, 25 and Cu reinforcing wiring layers 45, 51 shown 
in FIGS. 10 and 11. To easily see the drawing and to easily 
understand the Scope of the present invention, the Sizes and 
the shapes of the wiring patterns of the Cu wiring layerS 13, 
25 and Cu reinforcing wiring layers 45, 51 are intentionally 
varied in preparing FIGS. 10 and FIGS. 11 and 12. 

TABLE 4 

Distance between wiring Plug 
layer/reinforcing wiring interval Evaluation 

laver (lim result y 

2 3 
5 

5 3 
5 

7 3 
5 

1O 3 
5 

0159. As a result of the test based on the above-describ 
ing Setting, as shown in Table 4, it has been found that the 
plug interval B provided in the Cu wiring layer 25 is 
preferably about 5 um or less. That is, from a viewpoint of 
the alleviation of the Vertical load StreSS, the plug intervals 
B, C provided in the Cu wiring layers 13, 25 may be about 
5 um or less. Similarly, the plug interval D between the Cu 
reinforcing wiring layers (sacrifice multi-layered wirings) 
45 or 51 is preferably about 5 um or less. It has also been 
found that the interval (distance between the patterns) E 
between the Cu conductive layer 14 of the first layer of the 
effective wiring area 29 and the Cu reinforcing metal layer 
46 of the first layer of the reinforcing wiring area 54 is 
preferably about 5 um or less. Furthermore, it has been 
found that the interval (distance between the patterns) E 
between the Cu conductive layer 14 (26) of the effective 
wiring area 29 and the Cu reinforcing metal layer 46 (52) of 
the reinforcing wiring area 54 is more preferably about 5 um 
or less in each layer in the multi-layered wiring Structure of 
the wiring layer formed in the multi-layered Structure Such 
as the two-layer Structure which is the Sample of the present 
test. Furthermore, to alleviate the vertical load StreSS, the 
plug interval between the Cu conductive contact plug 15 and 
the Cu reinforcing contact plug 47, or the plug interval 
between the Cu conductive via plug 27 and the Cu reinforc 
ing via plug 53 is set preferably to the defined interval (about 
5 um or less) obtained in the present embodiment. 
0160 Moreover, for the pattern shape of the reinforcing 
wiring area (reinforcing multi-layered wiring area) 54, it has 
been found that various shapes shown in FIGS. 16A to 18B 
described later may be used. Even in this case, an effect 
Similar to that of the present embodiment can be obtained. 
This will be described later in a sixth embodiment in detail. 
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0.161 Furthermore, as described above, in the reinforcing 
wiring area 54, mainly the Cu reinforcing contact plug 47 
and Cu reinforcing via plug 53 comprise a portion which has 
a reinforcing function. Accordingly, the Cu reinforcing 
wiring layers 45, 51 do not have to be formed with minimum 
rule line widths. Even when the Cu reinforcing wiring layers 
45, 51 were formed in broad wirings, it was possible to 
obtain the Satisfactory results as long as the interval D 
between the plugs 47 or 53 was within the defined range. 

0162. As described above, according to the second 
embodiment, the effect similar to that of the first embodi 
ment can be obtained. Moreover, especially when the inter 
val E between the Cu conductive layer 14 and the Cu 
reinforcing metal layer 46 is Set to about 5 um or less, the 
Vertical load StreSS applied to the effective wiring area 29 can 
largely be reduced. 

0163 Moreover, in the reinforcing wiring area 54 which 
does not comprise the conduction path, the SiCN film 3 of 
each layer which is the top barrier layer and the SiC film 2 
which is the capping layer are not necessarily required. 
Furthermore, according to the Semiconductor device 41 of 
the present embodiment, without providing the reinforcing 
materials including the SiCN film 3 and SiC film 2, the 
Vertical load StreSS applied to the effective wiring area 29 can 
be reduced. That is, the mechanical reinforcing function in 
the reinforcing wiring area 54 can be fulfilled for the 
following reasons. 

0164. As described above, each Cu reinforcing contact 
plug 47 of the Cu reinforcing wiring layer 45 of the first 
layer which is the dummy wiring (sacrifice wiring) is 
substantially connected to the Si Substrate 1 via the barrier 
metal film 9. The Si Substrate 1 naturally has a Young's 
modulus of about 30 GPa or more, and can function as the 
reinforcing material in the same manner as the SiCN film 3 
and SiC film 2. Therefore, even when the SiCN film 3 of the 
first layer is omitted, each Cu reinforcing contact plug 47 is 
Substantially connected to the reinforcing material. Accord 
ingly, the Cu reinforcing wiring layer 45 (Cu reinforcing 
metal layer 46) of the first layer is substantially connected to 
the Si Substrate 1 which is the reinforcing material via each 
Cu reinforcing contact plug 47. 

0.165 Moreover, as described above, the Cu reinforcing 
wiring layer 51 of the second layer which is the dummy 
wiring is formed continuing from the Cu reinforcing wiring 
layer 45 of the first layer along the stacking direction of the 
interlayer insulating film (low relative dielectric constant 
film) 4. Each Cu reinforcing via plug 53 of the Cu reinforc 
ing wiring layer 51 of the Second layer is Substantially 
connected to the Cu reinforcing wiring layer 45 (Cu rein 
forcing metal layer 46) of the first layer via the barrier metal 
film 21. The Cu reinforcing wiring layer 45 naturally has a 
Young's modulus of about 30 GPa or more, and can function 
as the reinforcing material in the same manner as the SiCN 
film 3 and SiC film 2. Therefore, even when the SiCN film 
3 and SiC film 2 of the second layer are omitted, each Cu 
reinforcing contact plug 53 is Substantially connected to the 
reinforcing material. Accordingly, the Cu reinforcing wiring 
layer 51 (Cu reinforcing metal layer 52) of the second layer 
is Substantially connected to the Cu reinforcing wiring layer 
45 (Cu reinforcing metal layer 46) of the first layer which is 
the reinforcing material via each Cu reinforcing via plug 53. 
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0166 As described above, in the semiconductor device 
41 of the present embodiment, the Cu reinforcing wiring 
layer 45 of the first layer is substantially connected to the Si 
Substrate 1 which is the reinforcing material, and further the 
Cu reinforcing wiring layer 51 of the Second layer is 
Substantially connected to the Cu reinforcing wiring layer 45 
of the first layer which is the reinforcing material. Therefore, 
even when the SiCN film 3 and SiC film 2 as the reinforcing 
materials are omitted, the mechanical reinforcing function in 
the reinforcing wiring area 54 can be fulfilled. Accordingly, 
the vertical load stress applied to the effective wiring area 29 
can be reduced. 

0.167 Moreover, according to the present embodiment, 
Since the reinforcing wiring area 54 is provided, adhesion 
Strength can be enhanced in an interface between the top 
barrier layer 3 or capping layer 2 and the low relative 
dielectric constant film 4, and it is also possible to provide 
the Semiconductor device 41 including the multi-layered 
wiring layer comprised of the Cu wiring layer/low-k film 
Structure having the high reliability. 
0168 Third Embodiment 
0169. Next, a third embodiment according to the present 
invention will be described with reference to FIG. 13. FIG. 
13 is a Sectional view showing the Semiconductor device 
according to the third embodiment. It is to be noted that the 
Same components as those of the first embodiment are 
denoted with the same reference numerals, and the detailed 
description will be omitted. 
0170 As shown in FIG. 13, in a semiconductor device 61 
of the present embodiment, another Cu reinforcing via plug 
28 is added to the Cu wiring layer 25 of the second layer. 
This will concretely be described hereinafter. 
0171 Usually the via plug having the electric circuit 
function is preferably provided in an endmost portion of the 
wiring layer in each layer from a viewpoint of efficiency of 
wiring layout (design rule). 
0172. Additionally, the wiring layer can sufficiently be 
extended in the interlayer insulating film in which the wiring 
layer is formed. In this area, the via plug having the electric 
circuit function is preferably provided in a position held 
between the reinforcing via plugs (sacrifice via plugs). That 
is, from a portion of the wiring layer in which the via plug 
having the electric circuit function is formed, an extended 
portion (reservoir) is formed on a side opposite to that on 
which the essential wiring layer is formed. Moreover, the 
reinforcing via plug is formed in this reservoir. 
0173 As shown in FIG. 13, in the semiconductor device 
61, the Cu conductive layer 26 of the Cu wiring layer 25 of 
the Second layer is extended and formed on the Side opposite 
to that on which three Cu reinforcing via plugs 28 are 
formed. Moreover, one Cu reinforcing via plug 28 is formed 
in the end distant from the Cu conductive via plug 27 of a 
reservoir 62. This comprises a structure in which the Cu 
reinforcing via plugs 28 are provided on the opposite sides 
of the Cu conductive via plug 27. 
0.174 As described above, according to the third embodi 
ment, the effect similar to that of the first embodiment can 
be obtained. Moreover, since the Cu conductive via plug 27 
includes a structure held (Surrounded) by the Cu reinforcing 
via plugs 28 on the opposite Sides, the horizontal and Vertical 
load Stresses applied to the Cu conductive via plug 27 are 
largely reduced. Therefore, in the Semiconductor device 61 
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of the present embodiment, the durability of the Cu wiring 
layers 13, 25 is further enhanced against the load by the heat 
StreSS generated in the conductive portions Such as the Cu 
wiring layers 13, 25 and the low relative dielectric constant 
film 4. That is, the reliability of the semiconductor device 61 
is further enhanced. 

0175 Fourth Embodiment 
0176) Next, a fourth embodiment according to the present 
invention will be described with reference to FIG. 14. FIG. 
14 is a Sectional view showing the Semiconductor device 
according to the present embodiment. It is to be noted that 
the same components as those of the first embodiment are 
denoted with the same reference numerals, and the detailed 
description will be omitted. 
0177. As shown in FIG. 14, in a semiconductor device 71 
of the present embodiment, each Cu reinforcing via plug 28 
is extended downwards, and formed completely extending 
through the SiCN film 3 of the second layer and the SiC film 
2 of the first layer. Moreover, the lower end of each Cu 
reinforcing via plug 28 projects into the low relative dielec 
tric constant film (interlayer insulating film) 4 of the first 
layer. Therefore, each Cu reinforcing via plug 28 is Substan 
tially connected to the SiCN film 3 and SiC film 2 which are 
reinforcing materials (films) in an intermediate portion. 
0.178 As described above, according to the fourth 
embodiment, the effect similar to that of the first and second 
embodiments can be obtained. Moreover, as shown in FIG. 
14, the Cu reinforcing via plug 28 of the present embodi 
ment may be formed in a position and shape Such that the 
plug does not electrically contact the Cu conductive layer 14 
(Cu wiring layer 13) formed in the low relative dielectric 
constant film (interlayer insulating film) 4 of the lower layer 
(first layer). This can Substantially eliminate a possibility 
that electric defects Such as the short-circuit between the 
layers in the device 71 occur. Moreover, the horizontal and 
vertical load stresses applied to the Cu wiring layer 25 of the 
Second layer including the Cu conductive layer 26 and Cu 
conductive via plug 27 can be reduced. 

0179 Fifth Embodiment 
0180 Next, a fifth embodiment according to the present 
invention will be described with reference to FIG. 15. FIG. 
15 is a Sectional view showing the Semiconductor device 
according to the present embodiment. It is to be noted that 
the same components as those of the first embodiment are 
denoted with the same reference numerals, and the detailed 
description will be omitted. 

0181. As shown in FIG. 15, in a semiconductor device 81 
of the present embodiment, the SiC film comprising the 
capping layer is not provided. AS the reinforcing material, 
only the SiCN film 3 substantially connected to the Cu 
reinforcing via plugs 28, 53 is provided to directly contact 
the low relative dielectric constant film (interlayer insulating 
film) 4 of the first and second layers. 
0182. As described above, according to the fifth embodi 
ment, the effect similar to that of the first to fourth embodi 
ments can be obtained. Although the SiC film is omitted, the 
Cu reinforcing via plugs 28, 53 are substantially connected 
to the SiCN film 3 which is the reinforcing film. Therefore, 
the durability of the Cu wiring layers 13, 25 against the load 
by the heat StreSS generated in the conductive portions Such 
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as the Cu wiring layers 13, 25 and the low relative dielectric 
constant film 4 is enhanced. That is, the reliability of the 
Semiconductor device 81 is enhanced. 

0183 Moreover, in the same manner as in the semicon 
ductor device 41 of the second embodiment, also in the 
semiconductor device 81 of the present embodiment, the 
SiCN film 3 of each layer which is the top barrier layer is not 
necessarily required in the reinforcing wiring area 54 in 
which the conduction path is not comprised. Furthermore, 
without providing any SiCN film 3 that is the reinforcing 
material, the vertical load StreSS applied to the effective 
wiring area 29 can be reduced. That is, the mechanical 
reinforcing function in the reinforcing wiring area 54 can be 
fulfilled. The reason for this has been described in the second 
embodiment. 

0184 Sixth Embodiment 
0185. Next, a sixth embodiment according to the present 
invention will be described with reference to FIGS. 16A, 
16B, 17A, 17B, 18A, and 18B. FIG. 16A is a plan view 
showing a pattern in which the reinforcing wiring layer of 
the Semiconductor device according to the Sixth embodiment 
is provided. FIG. 16B is a sectional view showing a pattern 
in which the reinforcing wiring layer of the Semiconductor 
device according to the sixth embodiment is provided. FIG. 
17A is a plan view showing another pattern in which the 
reinforcing wiring layer of the Semiconductor device accord 
ing to the sixth embodiment is provided. FIG. 17B is a 
Sectional view showing another pattern in which the rein 
forcing wiring layer of the Semiconductor device according 
to the sixth embodiment is provided. FIG. 18A is a plan 
View showing Still another pattern in which the reinforcing 
wiring layer of the Semiconductor device according to the 
sixth embodiment is provided. FIG. 18B is a sectional view 
showing Still another pattern in which the reinforcing wiring 
layer of the Semiconductor device according to the Sixth 
embodiment is provided. It is to be noted that the same 
components as those of the first embodiment are denoted 
with the same reference numerals, and the detailed descrip 
tion will be omitted. 

0186. In a semiconductor device 91 shown in FIGS. 16A 
and 16B, Cu reinforcing wiring layers 92 each including a 
Cu reinforcing metal layer 93 and a Cu reinforcing contact 
plug 94 (Cu reinforcing via plug 94) are stacked/formed in 
three layerS (n-1 layer, in layer, n+1 layer). That is, the 
semiconductor device 91 includes the multi-layered rein 
forcing wiring structure. Moreover, as shown in FIGS. 16A 
and 16B, the Cu reinforcing wiring layer 92 of each layer is 
provided So that the longitudinal direction Substantially 
crosses at right angles to that of the Cu reinforcing wiring 
layer 92 of the adjacent layer. It is to be noted that FIG. 16B 
is a sectional view along one-dot chain line X-X in FIG. 
16A. 

0187 Moreover, in a semiconductor device 101 shown in 
FIGS. 17A and 17B, in the same manner as in the semi 
conductor device 91, the Cu reinforcing wiring layers 92 
each including the Cu reinforcing metal layer 93 and Cu 
reinforcing contact plug 94 (Cu reinforcing via plug 94) are 
Stacked/formed in three layerS (n-1 layer, in layer, n+1 
layer). That is, the semiconductor device 101 also includes 
the multi-layered reinforcing wiring structure. Additionally, 
in the semiconductor device 101, as shown in FIGS. 17A 
and 17B, the Cu reinforcing wiring layer 92 of each layer is 
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provided Substantially in the same position in the Stacking 
direction So that all the longitudinal directions agree with 
one another in all the layers (extend Substantially in parallel 
with one another). It is to be noted that FIG. 17B is a 
sectional view along one-dot chain line Y-Y in FIG. 17A. 
0188 Further in a semiconductor device 111 shown in 
FIGS. 18A and 18B, Cu reinforcing wiring layers 112 each 
including a Cu reinforcing contact plug (Cu reinforcing via 
plug) 114, and a Cu reinforcing metal layer 113 having 
Substantially the same size and shape as those of the rein 
forcing plug 114 are stacked/formed in three layerS (n-1 
layer, in layer, n+1 layer). That is, the Semiconductor device 
111 also includes the multi-layered reinforcing wiring Struc 
ture. It is to be noted that FIG. 18B is a sectional view along 
one-dot chain line Z-Z in FIG. 18A. 

0189 It is to be noted that in FIGS. 16A, 16B, 17A, 17B, 
18A, and 18B, for the ease of seeing the drawing, the SiCN 
film 3 and passivation film 30 of the top layer are omitted 
from the drawing. The constitution of the effective wiring 
area of each of the respective Semiconductor devices 91, 
101,111 is similar to that in which the effective wiring area 
29 according to any one of the first to fifth embodiments is 
Stacked in three layers, and is therefore omitted from the 
drawing. 

0190. As described above, according to the sixth embodi 
ment, the effect similar to that of the second, fourth, and fifth 
embodiments can be obtained. Especially, as in the Semi 
conductor devices 91, 101, 111 of the present embodiment, 
the Cu reinforcing wiring layers 92, 112 are appropriately 
formed in the appropriate sizes and shapes, and provided in 
the appropriate positions. Accordingly, while the reinforcing 
effect is held, restrictions on designs of the Cu reinforcing 
wiring layers (sacrifice multi-layered wirings) 92, 112 
required by the design rule can be reduced. That is, while the 
mechanical reinforcing effects of the Cu reinforcing wiring 
layerS 92, 112 are held, a degree of freedom in design can be 
enhanced. It is to be noted that in the multi-layered wiring 
Structure in which the wiring layer is formed in the multi 
layered structure, in each layer, an interval (distance 
between the patterns) between the Cu conductive layer of 
the effective wiring area (not shown) and the Cu reinforcing 
metal layer 93 or 113 of the reinforcing wiring area is more 
preferably about 5 um or less. 

0191) Seventh Embodiment 
0.192 Next, a seventh embodiment according to the 
present invention will be described with reference to FIGS. 
19A, 19B, and 20. FIG. 19A is a plan view showing a 
pattern in which a dummy Via chain of the Semiconductor 
device according to the present embodiment is provided, and 
FIG. 19B is a sectional view. FIG. 20 is a characteristic 
diagram showing results of a simulation carried out by the 
present inventors according in a graph. It is to be noted that 
the same components as those of the first embodiment are 
denoted with the same reference numerals, and the detailed 
description will be omitted. 
0193 In the present embodiment, for example, in the 
Semiconductor device including the Cu multi-layered wiring 
Structure, an insulating film of at least one layer of a plurality 
of layers of insulating films (interlayer insulating films) in 
which the via plugs (contact plugs) of the effective wiring 
area are provided is formed using the low relative dielectric 
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constant film whose Young's modulus is about 20 GPa or 
less. In this case, a dummy wiring (dummy via chain) 
comprised of a So-called via chain is provided in the vicinity 
of the effective wiring. This inhibits a possibility that cracks 
are generated in the barrier metal film with which the plug 
is coated and the insulating film around the plug. 

0194 First, a related art of the present embodiment will 
be described. As described above, the Young's modulus of 
most of general low relative dielectric constant films for use 
as the interlayer insulating film is as low as about 20 GPa or 
less, and the coefficient of linear expansion is as large as 
about 20 ppm or more. For example, the coefficient of linear 
expansion of Cu comprising the wiring material is about 16 
ppm to 30 ppm at a temperature range of room temperature 
to about 500 C. On the other hand, for the barrier metal film 
for use between the Cu wiring and the interlayer insulating 
film, high-melting metals. Such as Ta and Ti and a compound 
are frequently used, and the coefficient of linear expansion 
is about 10 ppm or less. Therefore, in high-temperature 
processes Such as anneal and Sinter, in the barrier metal film 
held between Cu and the low relative dielectric constant 
insulating film, a large heat StreSS is caused by a difficult 
between the materials in the coefficient of linear expansion. 
When the heat stress is not less than a value predetermined 
in accordance with the type of the material of the barrier 
metal film, the cracks are generated in the barrier metal film. 
In general, the barrier metal film with which a side wall 
portion of the via plug is coated is thinner than the barrier 
metal film provided in another portion, and therefore the 
cracks are easily made. 
0.195 Moreover, for example, for a purpose of preventing 
the interlayer insulating film from peeling by dishing or 
external stress at the time when CMP is carried out, a 
measure of laying the dummy wiring around a So-called 
isolated wiring is taken. A technique for laying the dummy 
wiring around the isolated wiring will briefly be described 
hereinafter with reference to FIGS. 44A and 44B. 

0196. FIGS. 44A and 4.4B are plan views showing the 
wiring Structure of the Semiconductor device which is a 
comparative example with respect to the Semiconductor 
device according to the present embodiment described later. 
In FIG. 44A, a SeamleSS Single structure including no via 
plug and including dummy wiringS 303 having large wiring 
lengths is provided around an isolated wiring (effective 
wiring) 302 including a via plug 301. On the other hand, in 
FIG. 44B, the wiring structure is comprised only of the 
isolated wiring 302 including the via plug 301. In the 
respective semiconductor devices shown in FIGS. 44A and 
4.4B, as interlayer insulating films 304 around the via plugs 
301 and isolated wirings 302, a low relative dielectric 
constant insulating film having a Young's modulus of about 
5 GPa and a coefficient of linear expansion of about 40 ppm 
is used. Additionally, in FIGS. 44A and 4.4B, for the ease of 
Seeing the drawing, the barrier metal film is omitted from the 
drawing. 

0197) The present inventors obtained the heat stresses 
generated in the barrier metal films of the via plug 301 and 
isolated wiring 302 at the time of an anneal treatment with 
respect to the semiconductor devices shown in FIGS. 44A 
and 4.4B by the simulation. According to the result of the 
simulation, when the dummy wirings 303 are provided 
around the isolated wiring 302, the heat StreSS generated in 
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the barrier metal film of the side wall portion of the via plug 
301 has been found to be large as compared with when only 
the isolated wiring 302 is provided. That is, when the 
conventional Single dummy wiring 303 having large wiring 
length is provided around the isolated wiring 302, the cracks 
are easily generated by the heat StreSS in the barrier metal 
film of the side wall portion of the via plug 301. When the 
cracks are generated in the barrier metal film, the cracks are 
developed even in the low relative dielectric constant insu 
lating film 304, and there is a possibility that the insulating 
film 304 is also cracked. When the insulating film 304 is 
cracked, the wiring materials. Such as Cu in a compressive 
StreSS State at high temperature easily project into the film. 
Moreover, when the wiring material projects into the crack 
in the insulating film 304, short-circuit defect is generated, 
and the yield of the Semiconductor device drops. 

0198 To solve the problem, in the present embodiment, 
the dummy wiring is comprised as a So-called dummy Via 
chain, and the dummy Via chain is provided in the vicinity 
of the effective wirings Such as the isolated wiring. This 
Suppresses a possibility that the barrier metal film or the 
insulating film with which the effective wiring or the via 
plug is coated is cracked. This will be described hereinafter 
in detail. 

0199 First, the structure of the dummy via chain of the 
Seventh embodiment will be described with reference to 
FIGS. 19A and 19B. It is to be noted that FIG. 19B is a 
sectional view along broken line W-W in FIG. 19A. In FIG. 
19A, for the ease of Seeing the drawing, the barrier metal 
film 9 (10, 11) is omitted from the drawing. 
0200. As shown in FIG. 19A, in a semiconductor device 
121 of the present embodiment, to surround the Cu wiring 
layer 25 which is the isolated wiring (effective wiring), a 
dummy Via chain 122 which is the dummy wiring is pro 
Vided to spread along the Surface of the low relative dielec 
tric constant film 4. For the dummy via chain 122 of the 
present embodiment, a plurality of Cu reinforcing wiring 
layerS 123 each including one Cu reinforcing metal layer 
124 and two Cu reinforcing via plugs 125 are connected to 
one another via the Cu reinforcing via plugs 125. AS shown 
in FIG. 19B, the Cu reinforcing wiring layers 123 are 
Stacked in two layerS So as to continuously extend along a 
direction crossing at right angles to the Stacking direction of 
the low relative dielectric constant film 4. 

0201 This will be described in more detail. A plurality of 
layer of the low relative dielectric constant film 4 is provided 
on the Si Substrate 1. Moreover, the respective Cu reinforc 
ing metal layerS 124 are Superposed upon one another in the 
Stacking direction of the low relative dielectric constant 
films 4, and deviate from one another along a direction 
Vertical to the Stacking direction of the low relative dielectric 
constant films 4. A plurality of Cu reinforcing metal layers 
are provided in the low relative dielectric constant films 4 of 
two layerS provided adjacent to each other among the low 
relative dielectric constant films 4. Each Cu reinforcing 
metal layer 124 is formed in a long shape So as to extend 
long from the diameter of the Cu reinforcing via plug 125 
along the Surface of the low relative dielectric constant film 
4. Additionally, the Cu reinforcing metal layer 124 is formed 
to be sufficiently shorter than the Cu conductive layer 26. 
The Cu reinforcing metal layerS 124 are connected to each 
other along the Stacking direction of the low relative dielec 
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tric constant films 4 by the Cu reinforcing via plugs 125 
provided integrally with the ends of the Cu reinforcing metal 
layerS 124. A plurality of dummy Via chains 122 comprised 
in this manner Surround the Cu wiring layer 25 and spread 
along the Surface of the low relative dielectric constant film 
4 on the Si Substrate 1 as shown in FIG. 19A. 

0202) It is to be noted that in actual, as shown in FIG. 
19B, the Cu reinforcing metal layers 124 are connected to 
each other by the Cu reinforcing via plugs 125 via the barrier 
metal film 9 including the Ta film 10 and TaN film 11. And 
in FIGS. 19B, for the ease of seeing the drawing, the SiCN 
film 3, and the passivation film 30 of the top layer are 
omitted from the drawing. Additionally, in the following 
description, for the Sake of Simplicity, the barrier metal film 
9 is omitted and the connection of the Cu reinforcing metal 
layers 124 to each other will be described. As shown in FIG. 
19B, the Cu reinforcing via plugs 125 which connect the Cu 
reinforcing metal layerS 124 each other, in the present 
embodiment, are connected to the Cu reinforcing metal 
layers 124 and the SiCN film 3 which is the reinforcing 
material (reinforcing film). Therefore, the Cu reinforcing via 
plugs 125 of the present embodiment are actually similar to 
the reinforcing plugs. Such as the Cu reinforcing via plugs 53, 
94, 114 of the second and fourth to sixth embodiments. 

0203 Moreover, a method for forming the dummy via 
chain 122 of the present embodiment is similar to that for 
forming the Cu reinforcing wiring layer 45 of the first layer 
and the Cu reinforcing wiring layer 51 of the second layer 
of the second embodiment. That is, since the method for 
forming the dummy via chain 122 is similar to that for 
forming the Cu wiring layer 13 of the first layer and the Cu 
wiring layer 25 of the second layer of the first to fifth 
embodiments, the description will be omitted. 

0204 Next, the simulation carried out by the present 
inventors will be described with reference to FIG. 20. The 
present inventors Set the constitution and provided State of a 
plurality of dummy via chains 122 to those shown in FIGS. 
19A and 19B. Subsequently, a maximum heat stress gener 
ated in the barrier metal film 9 (not shown) provided in the 
side wall portion of the Cu conductive via plug 27 of the Cu 
wiring layer 25 which was the isolated wiring in a case in 
which the semiconductor device 121 was subjected to the 
anneal treatment was calculated by the Simulation. Further 
more, dependence of the maximum heat StreSS on the length 
(unit wiring length) of each Cu reinforcing metal layer 124 
comprising the dummy Via chain 122 was plotted, and 
shown in a graph. As a result, as clearly seen from FIG. 20, 
when the unit wiring length is about 2 um or less, the heat 
stress generated in the barrier metal film 9 provided in the 
side wall portion of the Cu conductive via plug 27 is 
Satisfactorily reduced. 

0205 Moreover, although not shown, the present inven 
tors actually prepared three types of Semiconductor devices 
including different dummy wirings to conduct experiments. 
One of the devices is a Semiconductor device including a 
dummy via chain comprised of the Cu reinforcing metal 
layer 124 having a unit wiring length of about 1 um as the 
dummy wiring. This Semiconductor device is assumed as a 
first example. Another one is a Semiconductor device includ 
ing the dummy via chain comprised of the Cu reinforcing 
metal layer 124 having a unit wiring length of about 10 um. 
This Semiconductor device is assumed as a Second example. 
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In these two Semiconductor devices, the respective dummy 
via chains are provided as shown in FIGS. 19A and 19B. 
Further remaining one is a Semiconductor device as the 
comparative example, including a dummy wiring which 
does not have the reinforcing via plug. This Semiconductor 
device is assumed as a third example. In the Semiconductor 
device, the dummy wiring is provided as shown in FIG. 
43A. The present inventors subjected these three types of 
Semiconductor devices to the anneal treatment, and checked 
the yield thereafter. 
0206. As a result of the experiment, in the first example, 
the yield was substantially 100%. On the other hand, in the 
Second and third examples, the barrier metal film provided 
in the Side wall portion of the conductive via plug connected 
to the isolated wiring (effective wiring) was cracked, and the 
Short-circuit defect was caused. 

0207 AS described above according to the seventh 
embodiment, the effect similar to that of the first to sixth 
embodiments can be obtained. When the unit wiring length 
of the Cu reinforcing metal layer 124 comprising the dummy 
via chain 122 is Set to about 2 um or less, even with the use 
of the low relative dielectric constant film 4 as the interlayer 
insulating film, the heat StreSS generated in the barrier metal 
film 9 provided in the side wall portion of the Cu conductive 
via plug 27 during the high-temperature proceSS Such as the 
anneal and Sinter can Satisfactorily be reduced. This can 
substantially eliminate a possibility that the barrier metal 
film 9 provided around the Cu conductive via plug 27 
(contact plug) is cracked. Additionally, a possibility that the 
low relative dielectric constant film 4 is cracked by the 
cracking of the barrier metal film 9 can Substantially be 
eliminated. As a result, it is possible to obtain the Semicon 
ductor device 121 which is high in the quality, capability, 
reliability, and productivity. 
0208 Eighth Embodiment 
0209 Next, an eighth embodiment of the present inven 
tion will be described with reference to FIGS. 21A to 23. 
FIG. 21A is a sectional view showing a structure of the 
effective wiring in the vicinity of a pad portion of the 
Semiconductor device according to the eighth embodiment, 
and FIG.21B is a plan view. FIGS. 22A, 22B, and 22C are 
plan ViewS showing another pattern in which the dummy Via 
chain of the Semiconductor device according to the eighth 
embodiment is provided. FIG. 23 is a characteristic diagram 
showing the results of the Simulation carried out by the 
present inventors in a graph. It is to be noted that the same 
components as those of the first embodiment are denoted 
with the same reference numerals, and the detailed descrip 
tion will be omitted. 

0210. In the present embodiment, a plurality of semicon 
ductor devices were prepared in which Some different types 
of dummy wirings including the dummy Via chain 122 
described in the seventh embodiment were provided in the 
vicinity of the effective wiring of the pad portion of the 
Semiconductor device. Moreover, the Semiconductor device 
in which any dummy wiring was not provided was prepared. 
Furthermore, these Semiconductor devices were Subjected to 
a heat treatment or wires were bonded to the pad portions of 
the Semiconductor devices to conduct the tests, and the 
effects of the dummy wiring Structures were compared with 
each other. Furthermore, a load Simulation was carried out 
with respect to the pad portion of each Semiconductor 
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device, and the effects of the dummy wiring Structures were 
compared with each other. This will be described hereinafter 
in detail. 

0211 FIG.21A shows the structure of an effective wiring 
layer 132 in the vicinity of a pad portion 133 among 
effective wiring layers 132 provided over a multiplicity of 
layers in a semiconductor device 131 of the present embodi 
ment. In the semiconductor device 131, a plurality of 
interlayer insulating films including the low relative dielec 
tric constant film 4 or a TEOS film 134 are stacked in a 
plurality of layers on the Si Substrate 1. Moreover, an SiN 
film 135 is provided on the surface of the TEOS film 134 of 
the top layer. A pad 136 is formed of Al, and provided in the 
TEOS film 134 of the top layer. The Al pad 136 is electri 
cally connected to a Cu wiring layer 140 of the lower layer 
via a plurality of Al conductive via plugs 137 formed 
integrally with the pad. The Al pad 136 and a plurality of Al 
conductive via plugs 137 comprise a pad portion effective 
wiring layer 138 which is the effective wiring layer 132. 
Above the Al pad 136, a pad opening 139 is formed 
extending through the TEOS film 134 and SiN film 135 of 
the top layer. 

0212. Two layers of Cu conductive layers 141 comprising 
the Cu wiring layer 140 are stacked and provided under the 
pad portion effective wiring layer 138. These Cu conductive 
layers 141 are provided in the low relative dielectric con 
Stant films 4, and electrically connected to each other by a 
Cu conductive via plug 142. Among the respective Cu 
conductive layers 141, the Cu conductive layer 141 of the 
upper layer is formed to have a wiring length of about 100 
lum and a wiring width of about 0.1 um. It is to be noted that 
different from the first to fourth, sixth, and seventh embodi 
ments, the SiCN film 3 and SiO film 143 are stacked and 
provided between the low relative dielectric constant films 4 
of the present embodiment, and between the low relative 
dielectric constant film 4 and the TEOS film 134 in which Al 
conductive via plugs 137 are provided. An SiN film 144 is 
provided between the TEOS film 134 in which the Al pad 
136 is provided and the TEOS film 134 in which the Al 
conductive via plugs 137 are provided. 

0213) Moreover, FIG.21B is a plan view of the vicinity 
of each Cu conductive layer 141 shown in FIG. 21A as seen 
from above the Cu conductive layer 141 of the upper layer. 
In FIG. 21B, an area Surrounded with two inner and outer 
one-dot chain lines is a dummy wiring forming area (rein 
forcing wiring area) 145 in the present embodiment. In the 
present embodiment, an interval shown by F in FIG. 221B 
between each Cu conductive layer 141 and the inside of the 
dummy wiring forming area 145 is set to about 0.2 um. It is 
to be noted that in FIGS. 21A and 21B, for the ease of 
Seeing the drawing, the barrier metal film provided around 
each Cu conductive layer 141 and Cu conductive via plug 
142 is omitted from the drawing. 
0214) Next, experiments carried out by the present inven 
tors will be described. The present inventors actually pre 
pared three types of Semiconductor devices in which each of 
dummy wiringS 146 including different shapes and arrange 
ment patterns was provided in the dummy wiring forming 
area 145 in the low relative dielectric constant films 4 of two 
layers including the Cu conductive layer 141. In one of the 
Semiconductor devices, as shown in FIG. 22A, a dummy 
wiring 146a in which a plurality of Cu reinforcing metal 
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layerS 147 having long shapes, extended long, and provided 
along directions crossing at right angles to each other in the 
upper and lower layers are connected to each other by a Cu 
reinforcing via plug (reinforcing plug) 148 is provided in the 
dummy wiring forming area 145. This is assumed as a fourth 
example. 

0215 Moreover, in another semiconductor device, as 
shown in FIG. 22B, a plurality of Cu reinforcing metal 
layerS 149 having long shapes extended long and arranged 
along the same direction in both the upper and lower layers 
are connected to each other by two Cu reinforcing via plugs 
148 to comprise a dummy via chain 146b which is the 
dummy wiring, and this dummy wiring is provided in the 
dummy wiring forming area 145. Additionally, the length 
(unit wiring length) of each Cu reinforcing metal layer 149 
is about 1 lum, and the layer is Sufficiently Shorter than each 
Cu reinforcing metal layer 147 of the fourth example. The 
provided State and mutually connected State of the Cu 
reinforcing metal layers 149 are similar to those of the 
dummy via chain 122 of the seventh embodiment shown in 
FIG. 19B. This is assumed as a fifth example. 

0216 Further in the remaining semiconductor device, as 
shown in FIG. 22C, a plurality of Cu reinforcing metal 
layers 150 formed as insular isolated wirings isolated in both 
the upper and lower layers are connected to each other by 
one Cu reinforcing via plug 148 to comprise a dummy 
wiring 146c, and this wiring is provided in the dummy 
wiring forming area 145. Cu reinforcing metal layers 150 are 
provided in positions Substantially Superposed upon one 
another along the Stacking direction (vertical direction) of 
the interlayer insulating films 4. The length of each Cu 
reinforcing metal layer 150 is substantially the same in size 
as the diameter of the Cu reinforcing via plug 148, and the 
metal layer is further shorter than each Cu reinforcing metal 
layer 149 of the fifth example. This is assumed as a sixth 
example. 

0217. A difference between each dummy wiring 146c of 
the sixth example and each dummy via chain 146b of the 
fifth example is clear from FIGS. 22B and 22C. In each 
dummy via chain 146b of the fifth example, as shown in 
FIG. 22B, at least three Cu reinforcing metal layers 149 
provided adjacent to one another along the longitudinal 
direction in the upper and lower layers are connected to one 
another by each Cu reinforcing via plug 148. That is, among 
the Cu reinforcing metal layers 149 of the upper and lower 
layers, the Cu reinforcing metal layerS 149 provided along 
the longitudinal direction of the dummy via chain 146b are 
connected to other Cu reinforcing metal layers 149 which 
are adjacent to the Cu reinforcing metal layers 149 in the 
upper or lower layers, via the Cu reinforcing via plug 148. 
On the other hand, in the dummy wirings 146c of the sixth 
example, as shown in FIG. 22C, among the Cu reinforcing 
metal layers 150 of the upper and lower layers, only the Cu 
reinforcing metal layerS 150 Superposed upon each other in 
the Stacking direction of the interlayer insulating films 4 are 
connected to each other via the Cu reinforcing via plug 148. 
That is, the Cu reinforcing metal layers 150 of the upper 
layer are not connected to each other. Similarly, the Cu 
reinforcing metal layers 150 of the lower layer are not 
connected to each other. 

0218. It is to be noted that as a comparative example with 
respect to the fourth to Sixth examples, the present inventors 
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also prepared a Semiconductor device in which any dummy 
wiring was not provided in the dummy wiring forming area 
145. This is assumed as a seventh example. The present 
inventors subjected the semiconductor devices of the fourth 
to Seventh examples to a heat treatment test (sinter) in a 
forming gas at about 370° C. for about one hour. Moreover, 
an optical microScope and Scanning electron microscope 
(not shown) were used to observe the Semiconductor devices 
(samples) of the fourth to seventh examples after the test. AS 
a result, the following facts were observed. 

0219 For the samples of the fourth and seventh 
examples, the cracks were observed in the barrier metal film 
provided in the side wall portion of the Cu conductive via 
plug 142 integrally formed with the Cu conductive layer 141 
of the upper layer having a length of about 100 um. 
Similarly, the cracks were observed in the low relative 
dielectric constant film 4 around the side wall portion of the 
Cu conductive via plug 142. On the other hand, in the 
respective Samples of the fifth and Sixth examples, the cracks 
were not observed in the barrier metal film and the low 
relative dielectric constant film 4. As described in the 
Seventh embodiment with reference to FIG. 20, this is 
Supposedly because the effect of Suppressing the heat StreSS 
generated in the Side wall portion of the Cu conductive via 
plug 142 increases, when the length (unit wiring length) of 
each Cu reinforcing metal layer 149, 150 comprising the 
dummy wiring 146b, 146c is about 2 um or less. 

0220 Moreover, the present inventors also carried out a 
bonding adhesion test of the pad portion 133 with respect to 
the semiconductor devices of the fourth to seventh 
examples. Concretely, first an about 50 g load was applied 
to a wire of aluminum (Al wire) (not shown), and the wire 
was bonded to the Al pad 136. Thereafter, a tensile load was 
applied to the Al wire to test an adhesion force. As a result, 
the following facts were revealed. 

0221) In the samples of the fourth and fifth examples, it 
was possible to obtain a Satisfactory adhesion force. On the 
other hand, the Samples of the Sixth and Seventh examples 
were defective products. After the test, the optical micro 
Scope and Scanning electron microScope were used to 
observe the Samples of the Sixth and Seventh examples. 
Then, in the Samples of the Sixth and Seventh examples, the 
TEOS film 134 right under the Al pad 136 was cracked. 
Moreover, when the tensile load was applied to the Al wire, 
the Al pad 136 was found to peel from the TEOS film 134 
together with the Al wire. 

0222 Table 5 shows the results of the above-described 
test. In Table 5, O means that any defect described above is 
not generated in the Sample, and x means that the defect is 
generated in the Sample. 

TABLE 5 

Sinter test Bonding test 

Fourth example 
Fifth example 
Sixth example 
Seventh example s 

0223) It is seen from Table 5 that the dummy wiring 
Structure of the fifth example including the dummy Via chain 
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146b shown in FIG. 22B has strong resistance even to 
insulating film destruction caused by the heat StreSS or by the 
external StreSS. 

0224) Next, the simulation carried out by the present 
inventors will be described with reference to FIG. 23. The 
present inventors simulated the StreSS concentration gener 
ated in the TEOS film 134 right under the Al pad 136 at the 
time of the application of the about 50 g load to the Alpad 
136 with respect to the semiconductor devices (samples) of 
the fourth to Seventh examples. According to the Simulation, 
it was possible to obtain the results shown in each bar graph 
of FIG. 23. 

0225 Concretely, in the samples of the fourth and fifth 
examples, the size of the stress generated in the TEOS film 
134 right under the Alpad 136 was about 700 MPa. This can 
be considered to be caused for the following reason. In the 
dummy wiring structures of the fourth and fifth examples, as 
apparent from FIGS. 22A and 22B, the Cu reinforcing 
metal layers 147 or 149 of the upper and lower layers are 
connected to each other by the Cu reinforcing via plug 148, 
and the dummy wirings 146a, 146b form a long-distance 
network. Accordingly, the load applied to the effective 
wiring layer 132 in the vicinity of the pad portion 133 from 
the outside can be diffused in a broad range and received by 
the dummy wirings 146a, 146b. As a result, it can be 
considered that the large StreSS concentration is not easily 
caused in the TEOS film 134 right under the Al pad 136. 
0226 On the other hand, in the sample of the sixth 
example, the size of the stress generated in the TEOS film 
134 right under the Al pad 136 was about 1500 MPa. That 
is, in the Sample of the Sixth example, the StreSS having a size 
about twice that of each sample of the fourth or fifth example 
was concentrated on the TEOS film 134 right under the Al 
pad 136. This can be considered to be caused for the 
following reason. In the dummy wiring structure of the Sixth 
example, as apparent from FIG. 22C, among the Cu rein 
forcing metal layers 150 of the upper and lower layers, only 
the Cu reinforcing metal layerS 150 Superposed upon each 
other in the vertical direction are connected to each other by 
the Cu reinforcing via plug 148 in one-to-one correspon 
dence. Moreover, the Cu reinforcing metal layers 150 of the 
upper layer or the lower layer are not connected to each 
other in each layer. That is, in the dummy wiring structure 
of the sixth example, the dummy wirings 146c are individu 
ally Segmented. Accordingly, the dummy wiring structure of 
the Sixth example has a Small StreSS alleviation capability as 
compared with the dummy wiring Structures of the fourth 
and fifth examples. As a result, it can be considered that the 
large stress concentration easily occurs in the TEOS film 134 
right under the Al pad 136. 
0227 Moreover, in the sample of the seventh example, 
the size of the stress generated in the TEOS film 134 right 
under the Al pad 136 was about 1700 MPa, and was largest 
in the Samples of the fourth to Seventh examples. This can 
be considered to be caused for the following reason. Since 
the dummy wiring is not provided in the Sample of the 
Seventh example, there is hardly a capability of alleviating 
the stresses in the Al pad 136 and the TEOS film 134 right 
under the pad. As a result, it is considered that almost all of 
the load applied to the Al pad 136 is transmitted to the TEOS 
film 134 right under the Al pad 136. 
0228. As described above, according to the eighth 
embodiment, the effect similar to that of the first to seventh 
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embodiments can be obtained. Moreover, the dummy wiring 
146 is comprised as the dummy via chain 146b, and is 
provided in the vicinity of the pad portion 133. This can 
Substantially eliminate a possibility that the defect is gen 
erated in the pad portion 133. Additionally, the yield of the 
Semiconductor device is enhanced, and it is possible to 
obtain the Semiconductor device which is high in the quality, 
capability, reliability, and productivity. 

0229 Ninth Embodiment 
0230. Next, a ninth embodiment of the present invention 
will be described with reference to FIGS. 24A to 27C. 
FIGS. 24A to 27C are plan views showing the arrangement 
pattern and shape of the dummy Via chain according to the 
present embodiment. It is to be noted that the same com 
ponents as those of the first embodiment are denoted with 
the Same reference numerals, and the detailed description 
will be omitted. 

0231. In the present embodiment, various arrangement 
patterns of the dummy via chain in the plan view will be 
described. The effect similar to that of each dummy via chain 
122 or 146b described in the seventh and eighth embodi 
ments can be obtained. 

0232 First, each dummy via chain 161 shown in FIGS. 
24A to 24C will be described. In FIGS. 24A to 24C, the 
dummy via chain 161a, 161b, 161c are shown, which are 
comprised of a plurality of Cu reinforcing metal layerS 162 
having long shapes and Cu reinforcing via plugs (reinforcing 
plugs) 163, in the same manner as in the dummy via chains 
122, 146b of the seventh and eighth embodiments. 
0233. A dummy via chain 161a shown in FIG. 24A is 
comprised and provided in the same manner as the dummy 
via chain 146b of the eighth embodiment shown in FIG. 
22B. Concretely, a plurality of dummy via chains 161a are 
provided in parallel with one another along a direction 
Vertical to the Stacking direction of the interlayer insulating 
films (not shown). A plurality of Cu reinforcing metal layers 
162 of the upper and lower layers comprising the dummy Via 
chains 161a are all extended long and formed in the same 
direction. Concretely, each Cu reinforcing metal layer 162 is 
extended long and formed along the longitudinal direction of 
each dummy via chain 161a. Moreover, the Cu reinforcing 
metal layerS 162 are arranged in one row So that the 
longitudinal direction extends along the longitudinal direc 
tion of the dummy via chain 161a. 
0234 Moreover, each Cu reinforcing metal layer 162 of 
the lower layer shown by a broken line in FIG. 24A is 
provided to deviate from each Cu reinforcing metal layer 
162 of the upper layer along the longitudinal direction of a 
dummy Via chain 161b So that the layer is Superposed upon 
the ends of each Cu reinforcing metal layer 162 of the upper 
layer shown by a solid line in FIG. 24A. Furthermore, 
between the dummy via chains 161a provided adjacent to 
each other, the Cu reinforcing metal layerS 162 of the upper 
layer deviate from one another along the longitudinal direc 
tion of each dummy via chain 161a. In this case, the Cu 
reinforcing metal layerS 162 of the upper layer are provided 
So that the ends are Substantially linearly positioned along 
the direction crossing at right angles to the longitudinal 
direction of each dummy via chain 161a. Similarly, between 
the dummy Via chains 161a provided adjacent to each other, 
the Cu reinforcing metal layers 162 of the lower layer 
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deviate from one another along the longitudinal direction of 
each dummy Via chain 161a. In this case, the Cu reinforcing 
metal layers 162 of the lower layer are provided so that the 
ends are Substantially linearly positioned along the direction 
crossing at right angles to the longitudinal direction of each 
dummy via chain 161a. 

0235 Moreover, in the dummy via chain 161b shown in 
FIG. 24B, the Cu reinforcing metal layers 162 of the upper 
layer are arranged in two rows along the longitudinal 
direction. The Cu reinforcing metal layers 162 are provided 
So that the longitudinal direction extends along the longitu 
dinal direction of the dummy via chain 161b. The Cu 
reinforcing metal layerS 162 of the upper layer provided 
adjacent to each other along the direction crossing at right 
angles to the longitudinal direction of the dummy Via chain 
161b are provided to deviate from each other along the 
longitudinal direction of the dummy via chain 161b. In this 
case, the Cu reinforcing metal layerS 162 of the upper layer 
are provided So that the ends are Substantially linearly 
positioned along the direction crossing at right angles to the 
longitudinal direction of each dummy via chain 161b. More 
over, a plurality of Cu reinforcing metal layers 162 of the 
lower layer are provided along the longitudinal direction of 
the dummy Via chain 161b So that the layers are Superposed 
upon the ends of each Cu reinforcing metal layer 162 of the 
upper layer provided in this manner. The Cu reinforcing 
metal layers 162 of the lower layer are provided so that the 
longitudinal direction extends along the direction crossing at 
right angles to the longitudinal direction of the dummy via 
chain 161b. 

0236 Furthermore, in a dummy via chain 161c shown in 
FIG.24C, the Cu reinforcing metal layers 162 of the upper 
layer are arranged in a plurality of rows along the direction 
crossing at right angles to the longitudinal direction. Addi 
tionally, for the Cu reinforcing metal layerS 162 of the upper 
layer, the Cu reinforcing metal layerS 162 provided adjacent 
to each other along the direction crossing at right angles to 
the longitudinal direction are provided to deviate from each 
other along the longitudinal direction of each Cu reinforcing 
metal layer 162. In this case, the Cu reinforcing metal layers 
162 of the upper layer are provided So that the ends are 
Substantially linearly positioned along the direction crossing 
at right angles to the longitudinal direction of each Cu 
reinforcing metal layer 162. Moreover, a plurality of Cu 
reinforcing metal layerS 162 are provided in the lower layer 
So that the layers are Superposed upon the ends of each Cu 
reinforcing metal layer 162 of the upper layer provided in 
this manner. A plurality of Cu reinforcing metal layer 162 is 
provided in the lower layer. The respective Cu reinforcing 
metal layerS 162 of the lower layer are arranged So that the 
longitudinal directions extend along the direction crossing at 
right angles to the longitudinal direction of each Cu rein 
forcing metal layer 162 of the upper layer. Moreover, when 
the Cu reinforcing metal layer 162 of the lower layer is 
connected to that of the upper layer via each Cu reinforcing 
via plug 163, the dummy via chain 161c extends along the 
longitudinal directions of the Cu reinforcing metal layers 
162 of the upper and lower layers. Accordingly, the dummy 
via chains 161c are provided So as to two-dimensionally 
Spread in the direction crossing at right angles to the Stacking 
direction of the interlayer insulating films along the Surface 
of the interlayer insulating film. 
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0237 Next, each dummy via chain 161 shown in FIGS. 
25A and 25B will be described. FIGS. 25A and 25B Show 
the dummy Via chain 161 comprised using a plurality of 
L-shaped Cu reinforcing metal layerS 164 and Cu reinforc 
ing via plugs 163. 

0238. In a dummy via chain 161d shown in FIG. 25A, a 
plurality of L-shaped Cu reinforcing metal layerS 164 are 
arranged in one row along the longitudinal direction in the 
upper layer. The Cu reinforcing metal layers 164 of the 
upper layer are all provided in the same posture. In more 
detail, the Cu reinforcing metal layerS 164 of the upper layer 
are arranged So that one Side extends along the longitudinal 
direction of the dummy via chain 161d and the other side 
extends along the direction crossing at right angles to the 
longitudinal direction of the dummy via chain 161d. More 
over, a plurality of Cu reinforcing metal layerS 164 are 
arranged in the lower layer So as to deviate from the Cu 
reinforcing metal layerS 164 of the upper layer provided in 
this manner along the longitudinal direction of the dummy 
via chain 161d. In this case, the Cu reinforcing metal layers 
164 of the lower layer are provided so that the ends are 
Superposed upon the ends of each Cu reinforcing metal layer 
164 of the upper layer. Moreover, for the directions, the Cu 
reinforcing metal layers 164 of the lower layer are reversed 
with respect to those of the upper layer. 

0239). Moreover, a dummy via chain 161e shown in FIG. 
25B includes a structure comprised using the L-shaped Cu 
reinforcing metal layers 164 in the dummy via chain 161c 
shown in FIG. 24C instead of the Cu reinforcing metal 
layerS 162 having long shapes. Additionally, in the dummy 
via chain 161e, different from the dummy via chain 161d 
shown in FIG. 25A, the Cu reinforcing metal layers 164 of 
the upper and lower layers are all directed/provided in the 
Same direction. In the same manner as the dummy Via chain 
161c shown in FIG.24C, the dummy via chain 161e is also 
provided So as to two-dimensionally spread in the direction 
crossing at right angles to the Stacking direction of the 
interlayer insulating films along the Surfaces of the interlayer 
insulating films. 

0240 Next, dummy via chains 161 shown in FIGS. 26A 
and 26B will be described. FIGS. 26A and 26B show the 
dummy Via chain 161 comprised using a plurality of Cu 
reinforcing metal layerS 162 having long shapes, Cu rein 
forcing metal layerS 165 having quadrangular frame shapes, 
and Cu reinforcing via plugs 163. 

0241. In a dummy via chain 161fshown in FIG. 26A, a 
plurality of Cu reinforcing metal layers 165 having the 
quadrangular frame shapes are arranged along the longitu 
dinal direction of the chain in one row in the upper layer. 
These Cu reinforcing metal layers 165 of the upper layer are 
all arranged in the same posture. In more detail, the Cu 
reinforcing metal layerS 165 of the upper layer are arranged 
So that two opposite Sides of each layer extend along the 
longitudinal direction of the dummy via chain 161f and two 
remaining Sides extend in the direction crossing at right 
angles to the longitudinal direction of the dummy Via chain 
161f Moreover, with respect to the Cu reinforcing metal 
layerS 165 of the upper layer arranged in this manner, a 
plurality of Cu reinforcing metal layerS 162 having long 
shapes are arranged deviating along the longitudinal direc 
tion of the dummy via chain 161d. In this case, the Cu 
reinforcing metal layerS 162 of the lower layer are arranged 
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So that the ends are Superposed upon the ends of each Cu 
reinforcing metal layer 165 of the upper layer. The Cu 
reinforcing metal layerS 162 of the lower layer are arranged 
in two rows with Substantially the same width as that of the 
Cu reinforcing metal layer 165 of the upper layer so that the 
longitudinal direction extends along that of the dummy Via 
chain 161f. 
0242 Moreover, in a dummy via chain 161g shown in 
FIG. 26B, a plurality of Cu reinforcing metal layers 165 are 
arranged along a predetermined direction in a plurality of 
rows in the upper layer. These Cu reinforcing metal layers 
165 of the upper layer are all arranged in the same posture. 
In more detail, the Cu reinforcing metal layers 165 of the 
upper layer are arranged So that two opposite sides of each 
layer extend along one direction and two remaining sides 
extend along the other direction. Moreover, between the 
adjacent rows of the Cu reinforcing metal layers 165, the Cu 
reinforcing metal layerS 165 of the upper layer are arranged 
So as to deviate from each other along the longitudinal 
direction of each row. In this case, the Cu reinforcing metal 
layerS 165 of the upper layer are arranged So that corners of 
the layers are Substantially linearly positioned along the 
direction crossing at right angles to the longitudinal direc 
tion of each row. Moreover, with respect to the Cu reinforc 
ing metal layerS 165 of the upper layer arranged in this 
manner, a plurality of Cu reinforcing metal layerS 162 
having the long shapes are arranged in the lower layer. In 
this case, the Cu reinforcing metal layers 162 of the lower 
layer are arranged So that the ends of each layer are 
Superposed upon the corners of each Cu reinforcing metal 
layer 165 of the upper layer. The Cu reinforcing metal layers 
162 of the lower layer are also arranged in two rows with 
substantially the same width as that of the Cu reinforcing 
metal layer 165 of the upper layer so that the longitudinal 
direction extends along that of each row including a plurality 
of Cu reinforcing metal layers 165. Furthermore, each Cu 
reinforcing metal layer 162 of the lower layer is provided in 
a position in which the Cu reinforcing metal layers 165 
provided adjacent to each other can be connected to each 
other via each Cu reinforcing via plug 163 in the direction 
crossing at right angles to the longitudinal direction of the 
row of the Cu reinforcing metal layers 165. In the same 
manner as the dummy via chains 161c and 161e shown in 
FIGS. 24C and 25B, respectively, the dummy via chain 
161e is also provided So as to two-dimensionally spread in 
the direction crossing at right angles to the Stacking direction 
of the interlayer insulating films along the Surfaces of the 
interlayer insulating films. 

0243) Next, the dummy via chains 161 shown in FIGS. 
27A and 27B will be described. FIGS. 27A and 27B show 
the dummy Via chains 161 comprised using a plurality of Cu 
reinforcing metal layerS 165 having quadrangular frame 
shapes and Cu reinforcing via plugs 163. 

0244. A dummy via chain 161h shown in FIG. 27A 
includes a structure comprised using the Cu reinforcing 
metal layerS 165 having the quadrangular frame shapes in 
the dummy via chain 161fshown in FIG. 26A instead of the 
Cu reinforcing metal layers 162 of the lower layer having the 
long shapes. 

0245) Moreover, a dummy via chain 161i shown in FIG. 
27B includes a structure comprised using the Cu reinforcing 
metal layerS 165 having the quadrangular frame shapes in 
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the dummy via chain 161g shown in FIG. 26B instead of the 
Cu reinforcing metal layers 162 of the lower layer having the 
long shapes. 

0246. As described above, according to the ninth embodi 
ment, the effect similar to that of the first to eighth embodi 
ments can be obtained. The dummy via chains 161d, 161e 
comprised using the L-shaped Cu reinforcing metal layers 
164 can bear external forces added from more various 
directions as compared with the dummy via chains 161a, 
161b, 161c comprised only of the Cu reinforcing metal 
layerS 162 having the long shapes. Similarly, the dummy Via 
chains 161f. 161g comprised using the Cu reinforcing metal 
layerS 165 having the quadrangular frame shapes can bear 
the external forces added from more various directions in at 
least the upper layer as compared with the dummy Via chains 
161d, 161e comprised only of the L-shaped Cu reinforcing 
metal layers 164. Furthermore, the dummy via chains 161h, 
161i comprised only of the Cu reinforcing metal layers 165 
having the quadrangular frame shapes can bear the external 
forces added from more various directions in both the upper 
and lower layerS as compared with the dummy Via chains 
161f 161g comprised by combinations of the Cu reinforcing 
metal layers 165 with the Cu reinforcing metal layers 162 
having the long shapes. 

0247. It is to be noted that in the dummy via chains 161f. 
161g, 161h, 161i shown in FIGS. 26A, 26B, 27A, and 27B, 
instead of the Cu reinforcing metal layer 165 having the 
quadrangular frame Shape, a Cu reinforcing metal layer 166 
having a quadrangular shape may also be used. When the Cu 
reinforcing metal layer 166 having the quadrangular shape is 
used instead of the Cu reinforcing metal layer 165 having the 
quadrangular frame shape, it is possible to prepare a dummy 
via chain capable of bearing the external forces applied from 
further more various directions as compared with the 
dummy via chains 161f. 161g, 161h, 161i comprised of the 
Cu reinforcing metal layers 165. 

0248. Furthermore, the dummy via chains 161a to 161i 
shown in FIGS. 24A, 24B, 24C, 25A, 25B, 26A, 26B, 27A, 
and 27B may wholly be displaced, inclined, or rotated in 
various directions along the Surfaces of the interlayer insu 
lating films as long as the Structure of the Single unit is the 
same. For example, the dummy via chains 161a to 161i may 
also be rotated by about 90 with respect to the directions 
shown in FIGS. 24A, 24B, 24C, 25A, 25B, 26A, 26B, 27A, 
and 27B. Even in this arrangement, the effect similar to that 
of the dummy via chains 161a to 161i can be obtained. 

0249 Tenth Embodiment 
0250) Next, a tenth embodiment according to the present 
invention will be described with reference to FIGS. 28A to 
40. FIGS. 28A, 28B, 29A, 29B, 30, 31, 32A, 32B, 33, 34, 
35, 36, 37, 38, 39, and 40 are sectional views showing the 
Structures of the dummy Via chains of the Semiconductor 
devices according to the present embodiment. It is to be 
noted that the Same components as those of the first embodi 
ment are denoted with the same reference numerals, and the 
detailed description will be omitted. 
0251. In the present embodiment, various structure and 
arrangement patterns, in the Sectional view, of the dummy 
via chains capable of obtaining the effects Similar to those of 
the dummy via chains 122, 146b, 161 described in the 
Seventh to ninth embodiments will be described. 
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0252) First, dummy via chains 171 shown in FIGS. 28A, 
28B, 29A, and 29B will be described. FIGS. 28A, 28B, 
29A, and 29B show dummy via chains 171a, 171b, 171c, 
171d each comprised of two reinforcing metal layers 172 
and at least one via plug 173. 

0253) In the dummy via chain 171a shown in FIG. 28A, 
one reinforcing metal layer 172 is each provided in the 
interlayer insulating film (low relative dielectric constant 
film) 4 of two layers provided adjacent to each other. The 
reinforcing metal layer 172 of the upper layer is connected 
to that of the lower layer via one via plug 173 provided 
integrally with the metal layer. The reinforcing metal layers 
172 of the upper and lower layers are formed so as to extend 
in opposite directions Substantially centering on the via plug 
173. The dummy via chain 171a Substantially comprises a 
minimum unit in the dummy Via chains capable of including 
various constitutions. It is to be noted that in the dummy Via 
chain 171a, the via plug 173 is connected to the reinforcing 
metal layer 172 and the SiCN film 3 which is the reinforcing 
material (film). Accordingly, the via plug 173 of the dummy 
via chain 171a is the reinforcing plug 174 similar to the Cu 
reinforcing via plug 53, 94,114, 125,148,163 of the second 
and fourth to ninth embodiments described above. 

0254 Moreover, in the dummy via chain 171b shown in 
FIG. 28B, one reinforcing metal layer 172 is each provided 
in the low relative dielectric constant films 4 of the upper 
and lower layerS among three continuous the low relative 
dielectric constant films 4. Two reinforcing plugs 174 are 
provided integrally in the reinforcing metal layer 172 of the 
upper layer. One reinforcing plug 174 is provided integrally 
in the reinforcing metal layer 172 of the lower layer. The 
reinforcing metal layer 172 of the lower layer is connected 
to that of the lower layer via the via plug 173 provided in the 
low relative dielectric constant film 4 of the intermediate 
layer, and one reinforcing plug 174 provided in the rein 
forcing metal layer 172 of the upper layer. In the same 
manner as in the dummy Via chain 171a, in the dummy Via 
chain 171b, the reinforcing metal layers 172 of the upper and 
lower layers are formed So as to extend in the opposite 
directions Substantially centering on the via plug 173. 

0255 AS in the dummy via chain 171b, the reinforcing 
metal layers 172 of the upper and lower layers do not have 
to be necessarily provided in the low relative dielectric 
constant films 4 of two layers provided adjacent to each 
other. One or more layers of the low relative dielectric 
constant films 4 in which any reinforcing metal layer 172 is 
provided may be provided between the reinforcing metal 
layerS 172 of the upper and lower layers. It is also assumed 
that there is the low relative dielectric constant film 4 in 
which any effective wiring is not provided in a plurality of 
layers of the low relative dielectric constant films 4 includ 
ing the dummy Via chains 171. In this case, the reinforcing 
metal layer 172 does not have to be provided in the low 
relative dielectric constant film 4 in which any effective 
wiring is not provided. The reinforcing metal layer 172 may 
be provided only in at least the low relative dielectric 
constant film 4 in which the effective wiring is provided. 
This also applies to a case in which three or more reinforcing 
metal layers 172 are provided in a plurality of layers of the 
low relative dielectric constant films 4. 
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0256 That is, the number of reinforcing metal layers 172 
provided in the dummy via chain 171 does not have to 
necessarily agree with the number of layers of interlayer 
insulating films 4 in which the dummy via chain 171 is 
provided. The number of reinforcing metal layers 172 pro 
vided in the dummy via chain 171 may be smaller than that 
of layers of interlayer insulating films 4 in which the dummy 
via chain 171 is provided. Alternatively, the number of 
reinforcing metal layers 172 provided in the dummy via 
chain 171 may be larger than that of layers of interlayer 
insulating films 4 in which the dummy via chain 171 is 
provided. It is assumed that a plurality of reinforcing metal 
layers 172 are provided in a plurality of layers of interlayer 
insulating films 4 which are not continuous along the 
Stacking direction of the interlayer insulating films 4. In this 
case, the via plug 173 is provided in the interlayer insulating 
film 4 in which the reinforcing metal layer 172 is not 
provided, so that the reinforcing metal layer 172 may be 
connected to another reinforcing metal layer along the 
Stacking direction of the interlayer insulating films 4. 

0257 Moreover, in the dummy via chain 171c shown in 
FIG. 29A, different from the dummy via chains 171a, 171b, 
the reinforcing metal layers 172 of the upper and lower 
layers are arranged So that centers in the longitudinal direc 
tions Substantially agree with each other. Additionally, the 
reinforcing metal layer 172 of the upper layer is formed to 
be longer than that of the lower layer. That is, the reinforcing 
metal layer 172 of the upper layer and the reinforcing metal 
layer 172 of the lower layer are provided with substantially 
deviating from each other along a direction vertical to the 
Stacking direction of the interlayer insulating film 4. 

0258 Similarly, also in the dummy via chain 171d shown 
in FIG. 29B, different from the dummy via chains 171a, 
171b, the reinforcing metal layers 172 of the upper and 
lower layers are arranged So that the centers in the longitu 
dinal directions Substantially agree with each other. Addi 
tionally, different from the dummy via chain 171c shown in 
FIG.29A, the reinforcing metal layer 172 of the upper layer 
is formed to be shorter than that of the lower layer. However, 
in that constitution, the reinforcing metal layer 172 of the 
upper layer and the reinforcing metal layer 172 of the lower 
layer are provided with Substantially deviating from each 
other along a direction vertical to the Stacking direction of 
the interlayer insulating film 4, Similar to the dummy Via 
chain 171c described above. 

0259. As in the dummy via chains 171c, 171d, the 
reinforcing metal layerS 172 of the upper and lower layers 
are arranged So that the centers of the longitudinal directions 
Substantially agree with each other. Even in this case, the 
length of the reinforcing metal layer 172 of the upper layer 
is set to be different from that of the reinforcing metal layer 
172 of the lower layer. Accordingly, in the Same manner as 
in the dummy via chains 171a, 171b, a plurality of dummy 
via chains 171c or 171d may be connected to each other and 
extended in either the Stacking direction of the interlayer 
insulating films 4 or the direction crossing at right angles to 
the Stacking direction of the interlayer insulating films 4 
using the via plugs 173. 

0260 Next, the dummy via chains 171 shown in FIGS. 
30 and 31 will be described. FIGS. 30 and 31 show the 
dummy via chains 171e, 171f each comprised of three 
reinforcing metal layers 172 and at least two via plugs 173. 
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0261). In the dummy via chain 171e shown in FIG. 30, 
one reinforcing metal layer 172 is provided in each of the 
low relative dielectric constant films 4 of a top layer, a 
Second layer from the top, and a bottom layer among four 
continuous the low relative dielectric constant films 4. The 
reinforcing metal layer 172 of the top layer is connected to 
that of the Second layer from the top via one reinforcing plug 
174 (via plug 173). Moreover, the reinforcing metal layer 
172 of the top layer is connected to that of the bottom layer 
via one reinforcing plug 174 and two via plugs 173. Dif 
ferent from the dummy via chain 122 of the seventh embodi 
ment shown in FIGS. 19A and 19B, the reinforcing metal 
layer 172 provided in a middle portion in the direction 
crossing at right angles to the Stacking direction of the low 
relative dielectric constant films 4 is provided in the layer 
above the layers of the reinforcing metal layers 172 provided 
in the opposite ends. Even in the dummy via chain 171e 
comprised in this manner, needless to Say, the effect Similar 
to that of the dummy via chain 122 of the seventh embodi 
ment can be obtained. 

0262 Moreover, in the dummy via chain 171fshown in 
FIG. 31, one reinforcing metal layer 172 is provided in each 
of the low relative dielectric constant films 4 of the top layer, 
bottom layer, and third layer from the bottom among Six 
continuous the low relative dielectric constant films 4. The 
reinforcing metal layer 172 of the top layer is connected to 
that of the third layer from the bottom via one reinforcing 
plug 174 and two via plugs 173. The reinforcing metal layer 
172 of the third layer from the bottom is connected to that 
of the top layer via one reinforcing plug 174 and one via plug 
173. Different from the dummy via chain 122 of the seventh 
embodiment and the dummy via chain 171e shown in FIG. 
30, the dummy via chain 171 f is formed extending so as to 
be inclined with respect to the Stacking direction of the low 
relative dielectric constant films 4. That is, in the dummy via 
chain 171f the reinforcing metal layers 172 are arranged and 
connected So as to extend Simply in an oblique direction to 
the other end from one end. Even in the dummy via chain 
171f comprised in this manner, needless to Say, the effect 
similar to that of the dummy via chain 122 or 171e can be 
obtained. 

0263) Next, the dummy via chains 171 shown in FIGS. 
32A and 32B will be described. FIGS. 32A and 32B Show 
dummy via chains 171g, 171h each comprised of four 
reinforcing metal layerS 172 and a plurality of reinforcing 
plugs 174. 
0264. In the dummy via chain 171g shown in FIG. 32A, 
four reinforcing metal layers 172 are provided in the low 
relative dielectric constant films 4 of two layers provided 
adjacent to each other. One reinforcing metal layer 172 is 
provided in the low relative dielectric constant film 4 of the 
upper layer. Moreover, three reinforcing metal layerS 172 are 
provided in the low relative dielectric constant film 4 of the 
lower layer. The reinforcing metal layer 172 of the upper 
layer is connected to the reinforcing metal layers 172 of the 
lower layer via five reinforcing plugs 174. In the same 
manner as in the dummy via chain 171c shown in FIG.29A, 
in the dummy via chain 171g, the length of the reinforcing 
metal layer 172 of the upper layer is formed to be larger than 
the total length of the reinforcing metal layers 172 of the 
lower layer. That is, the reinforcing metal layer 172 of the 
upper layer and the reinforcing metal layer 172 of the lower 
layer are provided with Substantially deviating from each 
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other along a direction vertical to the Stacking direction of 
the interlayer insulating film 4. Accordingly, a plurality of 
dummy Via chains 171g can be connected to each other and 
extended using the via plug 173 in either the Stacking 
direction of the low relative dielectric constant films 4 or the 
direction crossing at right angles to the Stacking direction of 
the low relative dielectric constant films 4. 

0265 Moreover, in the dummy via chain 171h shown in 
FIG. 32B, four reinforcing metal layers 172 are provided in 
the low relative dielectric constant films 4 of three layers 
provided adjacent to one another. One reinforcing metal 
layer 172 is provided in each of the low relative dielectric 
constant films 4 of the top and bottom layers. Moreover, two 
reinforcing metal layers 172 are provided in the low relative 
dielectric constant film 4 of the intermediate layer. The 
reinforcing metal layer 172 of the top layer is connected to 
that of the bottom layer via one reinforcing plug 174 and one 
via plug 173. The reinforcing metal layer 172 of the inter 
mediate layer is connected to that of the bottom layer via one 
or two reinforcing plugs 174. 
0266 The dummy via chain 171h is formed such that the 
reinforcing metal layer 172 of the top layer projects out 
wards from above each reinforcing metal layer 172 of the 
bottom layer. That is, the reinforcing metal layer 172 of the 
most upper layer and the reinforcing metal layer 172 of the 
lower layer of the most upper layer are provided with 
Substantially deviating from each other along a direction 
Vertical to the Stacking direction of the interlayer insulating 
film 4. Accordingly, a plurality of dummy via chains 171h 
can be connected to each other and extended using the via 
plug 173 in either the stacking direction of the low relative 
dielectric constant films 4 or the direction crossing at right 
angles to the Stacking direction of the low relative dielectric 
constant films 4. 

0267 Next, the dummy via chains 171 shown in FIGS. 
33,34, 35 will be described. FIGS. 33,34, 35 show dummy 
via chains 171i, 171j, 171k, 171m, 171n, 171p provided so 
as to extend along the direction crossing at right angles to the 
Stacking direction of the low relative dielectric constant 
films 4. 

0268 FIG.33 shows a constitution in which two types of 
dummy via chains 171i, 171j are alternately arranged so as 
to extend along the direction crossing at right angles to the 
Stacking direction of the low relative dielectric constant 
films 4. Each of the dummy via chains 171i, 171j includes 
a constitution in which three reinforcing metal layerS 172 are 
provided in the low relative dielectric constant films 4 of two 
layerS provided adjacent to each other. In the Same manner 
as in the dummy via chain 171e shown in FIG. 30, in one 
dummy via chain 171i, the reinforcing metal layer 172 
provided in the middle portion is provided in the layer above 
that in which the reinforcing metal layers 172 are provided 
in the opposite ends. In the same manner as in the dummy 
via chain 122 of the seventh embodiment shown in FIGS. 
19A and 19B, in the other dummy via chain 171j, the 
reinforcing metal layerS 172 provided in the opposite ends 
are provided in the layer below that in which the reinforcing 
metal layer 172 is provided in the middle portion. 
0269. The dummy via chains 171i, 171j comprised in this 
manner are alternately combined and arranged as shown in 
FIG. 33. In this case, the dummy via chains 171i, 171j 
provided adjacent to each other are arranged So that the ends 
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of the chains are Superposed upon each other along the 
Stacking direction of the low relative dielectric constant 
films 4. This can obtain an effect close to that in a case in 
which the adjacent dummy via chains 171i, 171j are con 
nected to each other Substantially by a via plug (a reinforcing 
plug). That is, the dummy via chains 171i, 171j are assumed 
as one unit dummy via chain, and it can be assumed that a 
dummy via chain 171k comprised of a plurality of dummy 
via chains 171i, 171j is provided in the low relative dielec 
tric constant films 4 of two adjacent layers. 

0270 Moreover, FIG. 34 shows a constitution in which 
the dummy via chains 171i, 171j provided adjacent to each 
other in the dummy via chain 171k shown in FIG. 33 are 
mutually connected by the reinforcing plug 174. That is, one 
dummy Via chain 171i is connected to one dummy via chain 
171j via one reinforcing plug 174 to comprise the dummy 
via chain 171m which is provided so as to extend along the 
direction crossing at right angles to the Stacking direction of 
the low relative dielectric constant films 4. The dummy via 
chains 171m are arranged in Such a manner that the ends of 
the dummy via chains 171m provided adjacent to each other 
are Superposed upon each other along the Stacking direction 
of the low relative dielectric constant films 4. Accordingly, 
in the same manner as the dummy Via chain 171k, each 
dummy Via chain 171m is assumed as one unit dummy Via 
chain, and it can be assumed that the dummy Via chain 171n 
comprised of a plurality of dummy via chains 171m is 
provided in the low relative dielectric constant films 4 of the 
two adjacent layers. It is to be noted that the reinforcing 
metal layerS 172 of the opposite ends in the layer under each 
dummy Via chain 171m are connected to the reinforcing 
material (film) 3 via one or two reinforcing plugs 174. 
0271 The dummy via chain 171m comprised in this 
manner is tougher than the dummy via chains 171i, 171j, and 
has a large drag against the external force. Additionally, the 
dummy via chain 171n comprised of a plurality of dummy 
via chains 171m has the drag against the external force, 
which is larger than that of the dummy via chain 171k 
comprised of a plurality of dummy via chains 171i, 171j. As 
a result, the dummy via chain 171n has a stress alleviation 
capability higher than that of the dummy via chain 171k. 

0272 Furthermore, FIG. 35 shows a constitution in 
which all the dummy via chains 171i, 171j provided adjacent 
to each other in the dummy via chain 171k shown in FIG. 
33 are mutually connected by the reinforcing plug 174. That 
is, a plurality of dummy Via chains 171i are connected to a 
plurality of dummy via chains 171j via one reinforcing plug 
174 to comprise the dummy via chain 171p which is 
provided So as to extend along the direction crossing at right 
angles to the Stacking direction of the low relative dielectric 
constant films 4. It is to be noted that the reinforcing metal 
layers 172 in the layer below that of the dummy via chains 
171i, 171j are all connected to the reinforcing material (film) 
3 via two second reinforcing plugs 174. The dummy via 
chain 171p comprised in this manner is further tougher and 
further higher in the StreSS alleviation capability than the 
dummy via chain 171n. 

0273 Moreover, as in the dummy via chains 171a, 171b, 
171c, 171d shown in FIGS. 28A, 28B, 29A, and 29B, 
instead of the dummy via chains 171i, 171j, the dummy via 
chain comprised of two reinforcing metal layerS 172 and at 
least one via plug 173 is used. Even in this case, needless to 
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Say, the effects Similar to those of the dummy Via chains 
171k, 171n, 171p shown in FIGS. 33, 34, and 35 can be 
obtained. 

0274) Next, the dummy via chains 171 shown in FIGS. 
36, 37, and 38 will be described. FIGS. 36, 37, and 38 show 
dummy via chains 171q, 1711, 171S, 171t provided so as to 
extend along the Stacking direction of the low relative 
dielectric constant films 4. 

0275 FIG. 36 shows a constitution in which a plurality 
of dummy via chains 171i shown in FIG.33 are arranged in 
the low relative dielectric constant films 4 of a plurality of 
layerS provided adjacent to one another So as to be Substan 
tially linearly Superposed upon one another along the Stack 
ing direction. According to the constitution, it is possible to 
obtain an effect close that in a case in which the adjacent 
dummy via chains 171i are connected to each other sub 
Stantially via the via plug 173 along the Stacking direction of 
the low relative dielectric constant films 4. That is, each 
dummy via chain 171i is assumed as one unit dummy Via 
chain, and it can be assumed that the dummy Via chain 171q 
comprised of a plurality of dummy via chains 171i is 
provided in the low relative dielectric constant films 4 of 
eight adjacent layers. 
0276 Moreover, FIG. 37 shows a constitution in which 
the adjacent dummy Via chains 171i are connected to each 
other via one reinforcing plug 174 in the dummy Via chain 
171q shown in FIG. 36. That is, two adjacent dummy via 
chains 171i are connected to each other via one Second 
reinforcing plug 174 to comprise the dummy via chain 171r 
which is provided so as to extend along the stacking direc 
tion of the low relative dielectric constant films 4. Accord 
ingly, in the same manner as the dummy Via chain 171q, 
each dummy Via chain 171r is assumed as one unit dummy 
via chain, and it can be assumed that the dummy Via chain 
171S comprised of a plurality of dummy via chains 171r is 
provided in the low relative dielectric constant films 4 of a 
plurality of adjacent layers. 
0277. The dummy via chain 171r comprised in this 
manner is tougher and larger in the drag against the external 
force than the dummy via chain 171i. Additionally, the 
dummy via chain 171S comprised of a plurality of dummy 
via chains 171r is larger in the drag against the external force 
than the dummy via chain 171q comprised of a plurality of 
dummy via chains 171i. As a result, the dummy via chain 
171S is higher in the stress alleviation capability than the 
dummy via chain 171q. 
0278 Moreover, FIG.38 shows a constitution in which 
all the adjacent dummy Via chains 171i are connected to 
each other by two reinforcing plugs 174 in the dummy via 
chain 171q shown in FIG. 36. That is, a plurality of dummy 
via chains 171i are connected to one another via two 
reinforcing plugs 174 to comprise the dummy via chain 171t 
which is provided So as to extend along the Stacking direc 
tion of the low relative dielectric constant films 4. It is to be 
noted that the reinforcing metal layers 172 of the opposite 
ends in the lowest layer that of the dummy via chain 171t are 
all connected to the reinforcing material (film) 3 via one 
reinforcing plugs 174, respectively. The dummy Via chain 
171t comprised in this manner is further tougher and further 
higher in the StreSS alleviation capability than the dummy Via 
chain 171q. 
0279. Furthermore, FIG. 39 shows a constitution in 
which the dummy via chains 171i, 171j shown in FIG. 33 
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described above are Stacked in the adjacent three low 
relative dielectric constant films 4 along the Stacking direc 
tion of the low relative dielectric constant films 4. Adjacent 
each the dummy via chain 171i, 171j is connected to each 
other via the reinforcing plugs 174 (via plugs 173). Accord 
ingly, the dummy via chains 171i, 171j are extended along 
two direction of the stacking direction of the low relative 
dielectric constant films 4 and the direction crossing at right 
angles to the Stacking direction of the low relative dielectric 
constant films 4. 

0280. It is to be noted that the constitution of the dummy 
via chains 171 shown in FIG. 39 is correspond to a 
constitution which only a plurality of the reinforcing metal 
layers 172 of the upper-layer side of the dummy via chains 
171i, 171jshown in FIG.33 are connected to the under side 
of the reinforcing metal layers 172 of the lower-layer side of 
the dummy via chains 171i, 171j via the reinforcing plugs 
174 (via plugs 173), as to the stacking direction of the low 
relative dielectric constant films 4. Or, the constitution of the 
dummy via chains 171 shown in FIG. 39 is correspond to a 
constitution which only a plurality of the reinforcing metal 
layers 172 of the lower-layer side of the dummy via chains 
171i, 171jshown in FIG.33 are connected to the up side of 
the reinforcing metal layers 172 of the upper-layer side of 
the dummy via chains 171i, 171j via the reinforcing plugs 
174 (via plugs 173), as to the stacking direction of the low 
relative dielectric constant films 4. Accordingly, the dummy 
via chains 171u is comprised of a plurality of the dummy via 
chain 171i, 171j and a plurality of the reinforcing metal 
layers 172, which has a three-layered construction. The 
dummy via chain 171u comprised in this manner is further 
tougher and further higher in the StreSS alleviation capability 
than the dummy via chain 171k shown in FIG. 33. 
0281 Moreover, as in the dummy via chains 171a, 171b, 
171c, 171d shown in FIGS. 28A, 28B, 29A, and 29B, 
instead of the dummy via chains 171i, 171j, the dummy via 
chain comprised of two reinforcing metal layerS 172 and at 
least one via plug 173 is used. Even in this case, needless to 
Say, the effects similar to those of the dummy Via chains 
1719, 171s, 1711, 171u, shown in FIGS. 36, 37,38, and 39 
can be obtained. 

0282) Next, the dummy via chain 171 shown in FIG. 40 
will be described. FIG. 40 shows dummy via chains 1711, 
171w arranged So as to extend along both the Stacking 
direction of the low relative dielectric constant films 4 and 
the direction crossing at right angles to the Stacking direction 
of the low relative dielectric constant films 4. 

0283) In FIG. 40, as shown by two-dot chain lines in 
FIG. 40, continuing from the Si Substrate 1, a plurality of 
dummy Via chains 171 v are arranged So as to extend along 
both the stacking direction of the low relative dielectric 
constant films 4 and the direction crossing at right angles to 
the Stacking direction of the low relative dielectric constant 
films 4. That is, the dummy via chains 171v are arranged on 
the Si Substrate, extending So as to be inclined with respect 
to the Stacking direction of the low relative dielectric con 
stant films 4. In more detail, in the dummy via chains 1711, 
the reinforcing metal layerS 172 are arranged and connected 
to one another So as to extend upwards simply obliquely 
toward the other end (upper end) from one end (lower end). 
0284. For some of the dummy via chains 1711, as shown 
by a part H1, H2 surrounded with a solid-line circle in FIG. 
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40, between the dummy via chains 171v provided adjacent 
to each other in the vertical direction, the reinforcing metal 
layer 172 of the top layer is connected to that of the layer 
right under the top layer via the reinforcing plug 174 (via 
plug 173). Similarly, for some of the dummy via chains 
1711, as shown by a part M1, M2 surrounded with a 
solid-line circle in FIG. 40, between the dummy via chains 
171v provided adjacent to each other, the reinforcing metal 
layers 172 provided adjacent to each other in the vertical 
direction in the intermediate layer are connected to each 
other via the reinforcing plug 174. Similarly, for some of the 
dummy via chains 1711, as shown by a part L1, L2 Sur 
rounded with a solid-line circle in FIG. 40, between the 
dummy via chains 171v provided adjacent to each other in 
the vertical direction, the reinforcing metal layer 172 of the 
bottom layer is connected to that of the layer right on the 
bottom layer via the reinforcing plug 174. 

0285 According to the constitution, each dummy via 
chain 171 v is regarded as one unit dummy Via chain, and it 
can be assumed that the dummy via chain 171w comprised 
of a plurality of dummy via chains 171v is provided over the 
low relative dielectric constant film 4 of the top layer from 
that of the bottom layer, continuing from the Si Substrate 1. 
It is to be noted that all the reinforcing metal layers 172 of 
the dummy via chains 171v of the bottom layer are con 
nected to the reinforcing material (film)3 and Si Substrate 1 
via two reinforcing plugs 174. In FIG. 40, for the ease of 
Seeing the extending direction of each dummy Via chain 
171v and the connected portion between the dummy via 
chains 1713 the hatching of each reinforcing metal layer 172 
is omitted. 

0286 As described above, according to the tenth embodi 
ment, the effects similar to those of the first to ninth 
embodiments can be obtained. When the arrangement pat 
tern of the dummy via chain 171 of the present embodiment 
in the sectional view is combined with that of the dummy via 
chain 161 of the ninth embodiment in the plan view, the 
arrangement pattern of the dummy Via chain can remarkably 
variously be comprised. That is, in the Semiconductor device 
including the multi-layered wiring Structure, it is possible to 
obtain the arrangement pattern of the dummy Via chain in 
which the appropriate StreSS alleviation capability can be 
obtained in accordance with the arrangement pattern of the 
effective wiring in the plan and Sectional views. This also 
applies to the dummy via chain 122 of the seventh embodi 
ment and the dummy via chain 146b of the eighth embodi 
ment. 

0287 Furthermore, the arrangement patterns of the 
dummy via chains 122, 146b, 161, 171 are not limited to 
those described in the ninth and tenth embodiments. The 
dummy via chains 122, 146b, 161, 171 can take various 
other arrangement patterns. 

0288 For example, it is assumed that at least one rein 
forcing metal layer 124, 149, 162, 164, 165, 166, 172 is 
further provided in the interlayer insulating film 4 of the 
layer different from that in which the reinforcing metal layer 
124, 149, 162, 164, 165, 166, 172 is provided comprising at 
least one of the opposite ends of each dummy Via chain 122, 
146b, 161,171. Moreover, the reinforcing metal layer 124, 
149,162,164, 165,166, 172 may further be connected to the 
reinforcing metal layer 124, 149, 162, 164, 165, 166, 172 
comprising one end of each dummy Via chain 122, 146b, 
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161, 171 via the reinforcing via plug 125, 148, 163, 173. 
Even when the reinforcing metal layer 124, 149, 162, 164, 
165, 166, 172 is connected to the end of each dummy via 
chain 122, 146b, 161, 171, the length of the dummy via 
chain 122, 146b, 161, 171 only increases, and there is no 
possibility of decrease of the stress alleviation effect. Simi 
larly, the length of the unit dummy chain can appropriately 
be set to the appropriate length. 

0289 Moreover, each reinforcing metal layer 124, 149, 
162, 164, 165, 166, 172 may be extended long and formed 
in the same direction in all the layers. Alternatively, each 
reinforcing metal layer 124, 149, 162, 164, 165, 166, 172 
may be extended long and formed in the direction different 
with each layer. Similarly, each dummy via chain 122, 146b, 
161, 171 may be arranged in the same direction in all the 
layers. Alternatively, the dummy via chain 122, 146b, 161, 
171 may be arranged along the direction different with each 
layer. Furthermore, the reinforcing metal layer 124, 149, 
162, 164, 165, 166, 172 may be extended long and formed 
along the direction in which the dummy via chain 122, 146b, 
161, 171 is arranged. Alternatively, the reinforcing metal 
layer 124, 149, 162, 164, 165, 166, 172 may be extended 
long and formed along the direction vertical to the direction 
in which the dummy via chain 122, 146b, 161, 171 is 
arranged. In this manner, the shape or direction of each 
reinforcing metal layer 124, 149, 162, 164, 165, 166, 172 
may variously be set with respect to the shape, direction, and 
arrangement direction of the dummy via chain 122, 146b, 
161,171. 

0290. It is to be noted that the semiconductor device 
according to the present invention is not restricted to the first 
to tenth embodiments. Without departing from the scope of 
the present invention, a part of the constitution or the 
manufacturing proceSS can be changed to various Settings, or 
various Settings can appropriately be combined, used, or 
carried out. 

0291 For example, some of the reinforcing plugs may 
Substantially be connected to the reinforcing material (film) 
having a high mechanical strength (Young's modulus). The 
connected portion may be other than the lower end or the 
middle portion. Furthermore, the reinforcing plug to be 
connected to the upper Surface of the conductive layer or the 
reinforcing metal layer may separately be provided So as to 
be connected to the reinforcing material provided above. 
Alternatively, the reinforcing plug may also be formed So as 
to be connected to all the reinforcing materials provided 
below the conductive layer or the reinforcing metal layer 
connected to the reinforcing plug. Moreover, the conductive 
layer and conductive plug, the conductive layer and first 
reinforcing plug, or the reinforcing metal layer and Second 
reinforcing plug may also be formed in a So-called Single 
damascene Structure in which these layers are plugs are 
Separately formed. The Strength in the connected portion 
between the conductive layer or reinforcing metal layer and 
each reinforcing plug may preferably be larger than the 
horizontal and vertical load Stresses applied to the connected 
portion. 

0292 Moreover, examples of the low relative dielectric 
constant film having a relative dielectric constant of 3.4 or 
less include: films including a siloxane skeleton Such as 
polysiloxane, hydrogen SiloxeXyoxane, polymethyl silox 
ane, and methyl siloxeXyoxane, films containing organic 
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resins Such as polyarylene ether, polybenzoxazole, and poly 
benzocyclobutene as major components, and porous films 
Such as a porous Silica film. 
0293. Furthermore, the reinforcing material (film) having 
a Young's modulus of 30 GPa or more is not limited to an 
SiCN film or an SiC film. Any material may be used as long 
as the material has a Young's modulus of about 30 GPa or 
more, and does not have an electric function (conductivity). 
For example, the material may also be formed of a ceramic. 
Concretely, d-TEOS, p-SiH, SiO, SiO, SiOP, SiOF, SiN, 
SiON, SiCH, SiOC, SiOCH, and the like can be used. 
Moreover, when the Young's modulus of the capping film 
(layer) is about 30 GPa or more, and this capping film can 
be used as the reinforcing material (film), the top barrier film 
(layer) can also be omitted depending on the material of the 
wiring. That is, at least one type (layer) of the reinforcing 
material may be provided. Additionally, needless to Say, a 
plurality of types (a plurality of or a multiplicity of layers) 
of the reinforcing materials may also be provided. The 
number of types (layers) may appropriately be set to the 
appropriate number in accordance with the desired consti 
tution and function of the Semiconductor device. 

0294 Moreover, the materials for forming the conductive 
layer, conductive plug, first reinforcing plug, reinforcing 
metal layer, and Second reinforcing plug are not limited to 
copper (Cu). Concretely, the material may also be formed in 
a metal film containing, as the major component, at least one 
of metal elements such as Cu, Al, W. Ta, Nb, Ti, V., Ru, Mo, 
or a metal laminate film of a combination of these elements. 
The conductive layer, conductive plug, first reinforcing plug, 
reinforcing metal layer, and Second reinforcing plug may 
also be formed of mutually different materials. The rein 
forcing wiring portion comprised of the reinforcing metal 
layer and Second reinforcing plug may be formed of the 
material which can reduce the horizontal and Vertical load 
Stresses applied to the effective wiring portion comprised of 
the conductive layer, conductive plug, and first reinforcing 
plug. 

0295) Furthermore, the barrier metal film is not limited to 
the laminate film of Ta and TaN, and combinations such as 
Ti and TiN, Nb and NbN, W and WN, and Zr and ZrN may 
also be used. Furthermore, these metals, compounds, TaSiN, 
and TiSiN may also be provided alone. The layer formed of 
the compound is not limited to nitride, and examples thereof 
may include carbide containing the metal element as the 
major component, or boride. That is, the barrier metal film 
may be formed of the material which can enhance the 
durability against the horizontal and Vertical load Stresses of 
the effective wiring portion, and the reinforcing function of 
the reinforcing wiring portion in accordance with the mate 
rials forming the conductive layer, conductive plug, first 
reinforcing plug, reinforcing metal layer, and Second rein 
forcing plug. Examples of the material forming the barrier 
metal film include metals of groups IV-A, V-A, and VI-A 
and compounds. 

0296 Moreover, needless to say, it is preferable to com 
bine the materials which can mutually enhance the functions 
as the materials forming the low relative dielectric constant 
film, reinforcing material, wiring, and barrier metal film. 
0297 Furthermore, the shape of the wiring pattern of the 
effective wiring portion or the reinforcing wiring portion of 
each of the first to tenth embodiments is not limited to the 
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shape shown in FIGS. 8, 10, 13 to 18B, 19A, 19B, 21A, 
21B, 22A, 22B, 22C, and 24A to 40. For example, all the Cu 
reinforcing via plugs 28 of the third embodiment shown in 
FIG. 13 may also be formed in the shapes projecting into the 
low relative dielectric constant film 4 of the lower layer like 
the Cu reinforcing via plug 28 of the fourth embodiment 
shown in FIG. 14. Moreover, as in the fifth embodiment 
shown in FIG. 15, the insulating film provided adjacent to 
the low relative dielectric constant film 4 may also be limited 
to the SiCN film 3. Even with this setting, the effect of the 
present invention can Sufficiently be obtained. 
0298 Additionally, the number of laminates of the inter 
layer insulating films, reinforcing materials, wiring layers, 
and reinforcing wiring layerS is not limited to two or three. 
Needless to Say, one layer or four or more layerS may also 
be Stacked. 

0299 Moreover, in the seventh embodiment, each insu 
lating film on the Si Substrate 1 is comprised in the same 
manner as in the first embodiment, but the present invention 
is not limited to this. For example, instead of the SiC film 2, 
an SiO film may also be used. Similarly, instead of the 
SiCN film 3, an SiN film may also be used. The film 
corresponding to the SiC film 2 or the SiCN film 3 is not 
limited as long as the Young's modulus is about 30 GPa or 
more. Among the insulating films 4 of the layers in which the 
conductive plugs 27 are provided, the Young's modulus of 
at least one layer of the insulating film 4 may be 20 GPa or 
leSS. This constitution also applies to the eighth and tenth 
embodiments. 

0300 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 invention concept as defined by the appended claims 
and their equivalents. 
What is claimed is: 

1. A Semiconductor device comprising: 
an insulating film which is provided in at least one layer 

above a Substrate and whose relative dielectric constant 
is 3.4 or less; 

at least one conductive layer provided in the insulating 
film; 

at least one conductive plug which is formed in the 
insulating film and which is electrically connected to 
the conductive layer to form a conduction path; 

at least one reinforcing material which is provided under 
at least the conductive layer and whose Young's modul 
lus is 30 GPa or more; and 

at least one first reinforcing plug which is connected to the 
conductive layer and which is formed in contact with 
the reinforcing material. 

2. The device according to claim 1, wherein: 
the first reinforcing plug is provided within 5 um from the 

conductive plug. 
3. The device according to claim 1, wherein: 
an interval between plugs including the first reinforcing 

plug and the conductive plug is Set to 5 um or leSS. 
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4. The device according to claim 1, wherein: 
a plurality of first reinforcing plugs are arranged within 5 

tim from the conductive plug, and an interval between 
plugs including the respective first reinforcing plugs 
and the conductive plug is set to 1 um or less. 

5. The device according to claim 1, wherein: 
the insulating films and the reinforcing materials are 

Stacked and arranged in two or more layers, respec 
tively, and the conductive layers, the conductive plugs, 
and the first reinforcing plugs are provided with respect 
to the insulating films and the reinforcing materials of 
the respective layers. 

6. The device according to claim 1, further comprising: 
a reinforcing metal layer which is provided in the insu 

lating film in an area other than that where the con 
ductive layer is formed, and which is electrically dis 
connected from the conductive layer and the 
conductive plug, and 

a Second reinforcing plug which is connected to the under 
Side of the reinforcing metal layer and which is formed 
in contact with the reinforcing material. 

7. The device according to claim 1, further comprising: 
a barrier metal film with which the conductive plug is 

coated and which contains a high-melting metal. 
8. The device according to claim 1, wherein a Young's 

modulus of the insulating film of at least one layer is 20 GPa. 
or less. 

9. The device according to claim 6, wherein: 
the reinforcing metal layer is provided within 5 um from 

the conductive layer. 
10. The device according to claim 6, wherein: 
a plurality of Second reinforcing plugs are provided, and 

an interval between the Second reinforcing plugs is Set 
to 5 um or less. 

11. The device according to claim 6, wherein: 
at least one of the reinforcing materials is the reinforcing 

metal layer provided in the insulating film of a layer 
under that of the insulating film in which the conduc 
tive layer is provided. 

12. The device according to claim 6, wherein: 
the insulating films and the reinforcing materials are 

Stacked and arranged in two or more layers, respec 
tively, and the conductive layers, the conductive plugs, 
the first reinforcing plugs, the reinforcing metal layers, 
and the Second reinforcing plugs are provided with 
respect to the insulating films and the reinforcing 
materials of the respective layers. 

13. A Semiconductor device comprising: 
an insulating film which is provided above a Substrate and 
whose relative dielectric constant is 3.4 or less, 

a conductive layer provided in the insulating film; 
a conductive plug which is formed in the insulating film 

and which is electrically connected to the conductive 
layer to form a conduction path; and 

at least one dummy Via chain which is provided in the 
insulating films Stacked in two or more layers above the 
Substrate within 5 um from a wiring layer comprised of 
the conductive layer and the conductive plug; wherein 
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the dummy Via chain comprises at least two reinforcing 
metal layerS and at least one reinforcing plug, in which 

the reinforcing metal layer is electrically disconnected 
from the wiring layer, 

at least one reinforcing metal layer is provided in each of 
the insulating films of at least two different layers of the 
respective insulating films, 

the reinforcing metal layer is extended and formed to be 
longer than a diameter of the reinforcing plug along the 
Surface of the insulating film, 

the reinforcing metal layers are Superposed upon each 
other in a Stacking direction of the insulating films and 
deviate from each other along a direction vertical to the 
Stacking direction of the insulating films, 

the reinforcing plug is formed in the insulating film of at 
least one layer, and 

the reinforcing plug connects the reinforcing metal layer 
to another reinforcing metal layer along the Stacking 
direction of the insulating films. 

14. The device according to claim 13, wherein: 
the dummy Via chain is comprised of at least two the 

reinforcing metal layers which are provided in a same 
layer each other, and are connected each other via at 
least two the reinforcing plugs and the reinforcing 
metal layer provided in a different layer from the layer 
in which two the reinforcing metal layers are provided. 

15. The device according to claim 13, wherein: 
each the reinforcing metal layer is extended and formed to 

be long in a same direction in each layer. 
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16. The device according to claim 13, wherein: 
the dummy via chain is formed in a direction vertical to 

the Stacking direction of the insulating films, with 
extending for two dimensions. 

17. The device according to claim 13, wherein: 
at least two the dummy Via chains are provided with 

arranging along a direction vertical to the Stacking 
direction of the insulating films. 

18. The device according to claim 13, further comprising: 
a barrier metal film with which the conductive plug is 

coated and which contains a high-melting metal. 
19. The device according to claim 13, wherein; 
a Young's modulus of the insulating film of at least one 

layer is 20 GPa or less. 
20. The device according to claim 13, wherein: 
the conductive layer is formed as an isolated wiring, and 

the dummy Via chain is provided around the isolated 
wiring. 

21. The device according to claim 13, wherein: 
the reinforcing metal layer is formed in a length which is 

equal to or less than that of the conductive layer. 
22. The device according to claim 16, wherein: 
the dummy Via chain has the reinforcing metal layer of 

which a plane pattern is formed into L-shape, quadran 
gular frame shape, or quadrangular shape. 

23. The device according to claim 21, wherein: 
the reinforcing metal layer is formed in a length of 2 um 

or less. 

Page 71




