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SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

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 

1. Field of the Invention 
The present invention relates to a technique for enhancing 

reliability of a Semiconductor device, particularly to a Semi 
conductor device in which durability of a conductive portion 
against a heat StreSS generated in an insulating film formed 
of a low relative dielectric constant film is enhanced. 

2. Description of the Related Art 
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. 

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. 
Concretely, 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. 

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 
constant film has been attempted. This technique is 
described, for example, in Jpn. Pat. Appln. KOKAI Publi 
cation No. 11-176835. 
AS described above, the material of the low relative 

dielectric constant film is essentially low in the Young's 
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2 
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 

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. 

According to another aspect of the invention, there is 
provided 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 
tim 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. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

FIG. 1A is a step Sectional view showing a manufacturing 
Step of a Semiconductor device according to a first embodi 
ment, 

FIG. 1B is a step sectional view showing the manufac 
turing Step of the Semiconductor device according to the first 
embodiment; 

FIG. 2A is a Step Sectional view showing the manufac 
turing Step of the Semiconductor device according to the first 
embodiment; 

FIG. 2B is a Step Sectional view showing the manufac 
turing Step of the Semiconductor device according to the first 
embodiment; 
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FIG. 3A is a Step Sectional view showing the manufac 
turing Step of the Semiconductor device according to the first 
embodiment; 

FIG. 3B is a step sectional view showing the manufac 
turing Step of the Semiconductor device according to the first 
embodiment; 

FIG. 4 is a step Sectional view showing the manufacturing 
Step of the Semiconductor device according to the first 
embodiment; 

FIG. 5 is a step Sectional view showing the manufacturing 
Step of the Semiconductor device according to the first 
embodiment; 

FIG. 6 is a step Sectional view showing the manufacturing 
Step of the Semiconductor device according to the first 
embodiment; 

FIG. 7 is a step Sectional view showing the manufacturing 
Step of the Semiconductor device according to the first 
embodiment; 

FIG. 8 is a sectional view showing the semiconductor 
device according to the first embodiment; 

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; 

FIG. 10 is a sectional view showing the semiconductor 
device according to a Second embodiment; 

FIG. 11 is a sectional view schematically showing the 
wiring Structure 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 a wiring layer 
and reinforcing wiring layer of the semiconductor device 
according to the Second embodiment are provided; 

FIG. 13 is a sectional view showing the semiconductor 
device according to a third embodiment; 

FIG. 14 is a sectional view showing the semiconductor 
device according to a fourth embodiment; 

FIG. 15 is a sectional view showing the semiconductor 
device according to a fifth embodiment; 

FIG. 16A is a plan view showing a pattern in which the 
reinforcing wiring layer of the Semiconductor device accord 
ing to a 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 
according to the Sixth embodiment is provided; 

FIG. 17B is a sectional view showing another pattern in 
which the reinforcing wiring layer of the Semiconductor 
device according to the Sixth embodiment is provided; 

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; 

FIG. 18B is a sectional view showing another pattern in 
which the reinforcing wiring layer of the Semiconductor 
device according to the Sixth embodiment is provided; 

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; 

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; 

FIG. 20 is a characteristic diagram showing results of a 
Simulation carried out by the present inventors according to 
the Seventh embodiment in a graph; 
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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; 

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; 
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; 
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; 
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; 

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; 
FIG.24A is a plan view showing the pattern in which the 

dummy Via chain according to the ninth embodiment is 
provided; 
FIG.24B is a plan view showing another pattern in which 

the dummy Via chain according to the ninth embodiment is 
provided; 
FIG.24C is a plan view showing another pattern in which 

the dummy Via chain according to the ninth embodiment is 
provided; 

FIG. 25A is a plan view showing another pattern in which 
the dummy Via chain according to the ninth embodiment is 
provided; 
FIG.25B is a plan view showing another pattern in which 

the dummy Via chain according to the ninth embodiment is 
provided; 

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

FIG. 26B is a plan view showing still another pattern in 
which the dummy Via chain according to the ninth embodi 
ment is provided; 

FIG. 27A is a plan view showing still another pattern in 
which the dummy Via chain according to the ninth embodi 
ment is provided; 

FIG. 27B is a plan view showing still another pattern in 
which the dummy Via chain according to the ninth embodi 
ment is provided; 

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; 

FIG. 28A is a sectional view showing a structure of the 
dummy Via chain of the Semiconductor device according to 
a tenth embodiment, 
FIG.28B is a sectional view showing another structure of 

the dummy Via chain of the Semiconductor device according 
to the tenth embodiment; 

FIG. 29A is a sectional view showing still another struc 
ture of the dummy Via chain of the Semiconductor device 
according to the tenth embodiment; 

FIG. 29B is a sectional view showing still another struc 
ture of the dummy Via chain of the Semiconductor device 
according to the tenth embodiment; 
FIG.30 is a sectional view showing still another structure 

of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 
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FIG. 31 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

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

FIG. 32B is a sectional view showing still another struc 
ture of the dummy Via chain of the Semiconductor device 
according to the tenth embodiment; 
FIG.33 is a sectional view showing still another structure 

of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG. 34 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG. 35 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG. 36 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG. 37 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG.38 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG. 39 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG. 40 is a sectional view showing still another structure 
of the dummy Via chain of the Semiconductor device accord 
ing to the tenth embodiment; 

FIG. 41A is a characteristic diagram showing the results 
of the Simulation carried out by the present inventors accord 
ing to a related art; 

FIG. 41B is a sectional view showing the results of the 
Simulation carried out by the present inventors according to 
the related art; 

FIG. 42A is a characteristic diagram showing the results 
of the Simulation carried out by the present inventors accord 
ing to the related art; 

FIG. 42B is a sectional view showing the results of 
another simulation carried out by the present inventors 
according to the related art; 

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, 

FIG. 44A is a plan view showing the wiring structure of 
the Semiconductor device which is a comparative example 
for the Seventh embodiment; and 

FIG. 44B is a plan view showing another wiring structure 
of the Semiconductor device which is the comparative 
example for the seventh embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiments of the present invention will be described 
hereinafter with reference to the drawings. 
(First Embodiment) 

Prior to description of a first embodiment according 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 
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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 forming 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 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 mate 
rials different from one another in Young's modulus is 
heated at about 400° C. 

FIGS. 41A and 41B show the results of the simulation 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. 

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. 

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 longitu 
dinal 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. 

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 materials 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 
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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 the interlayer insulating 
film from the via plug in this manner, a possibility that fatal 
via plug defects are caused is high. 

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. 

The vertical load StreSS generated in the low relative 
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 loadstress 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 compressed 
manner. It is especially feared that the phenomenon remark 
ably 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. 
AS described above, when the low relative dielectric 

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. 
Accordingly, 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 Semiconductor device is manufactured to lower 
yield of the Semiconductor device and that production 
efficiency of the Semiconductor device drops. 

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 relative dielec 
tric constant film is enhanced, and the reliability is 
enhanced. This will be described hereinafter in detail. 

Next, the first embodiment according to the present inven 
tion will be described with reference to FIGS. 1 to 9. FIGS. 
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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. 

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. 

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. 
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, especially 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 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. 

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 
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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 damascene 
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. 

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. 

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 conduc 
tive 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. Therefore, a receSS 
for the first reinforcing plug 8 for forming the first reinforc 
ing 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. 

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 
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. 

Subsequently, the Si Substrate 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 

15 

25 

35 

40 

45 

50 

55 

60 

65 

10 
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. 

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. 

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. 

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. 

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. 

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 
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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 conduc 
tion 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. 

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. 

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 reinforcing 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 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. 

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. 

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 
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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. 

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. 

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. 

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. Accordingly, 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. 
The three Cu first reinforcing plugs 28 are formed Sub 

stantially 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 reinforcing 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. Moreover, the Cu 
first reinforcing plug 28 of the Second layer may also be 
referred to as the Cu reinforcing via plug or Cusacrifice via 
plug. 
By the above-described steps, an effective wiring area 29 

including the two-layer Structure, which is comprised of the 
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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. 

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 semi 
conductor device 31 of the present embodiment including a 
two-layer laminate wiring Structure. 

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 Semiconductor 
device 31, hatching is omitted to show the low relative 
dielectric constant film 4, Cu wiring layer 13, Cu reinforcing 
contact plug 16, Cu wiring layer 25, and Cu reinforcing via 
plugs 28. 

In FIG. 9, Solid-line and broken-line arrows show the 
direction of the main heat StreSS generated in the Semicon 
ductor 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. 
As shown in FIG. 9, the Cu reinforcing contact plug 16 

provided under the Cu wiring layer 13 (Cu conductive 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 reinforcing 
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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 conductive 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 hereinafter. 

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 insulating 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 corresponds to 
about 20 GPa. Moreover, when the low relative dielectric 
constant film 4 having the Young's modulus indicating the 
strength of about 20 GPa or less is used as the interlayer 
insulating film, it is feared that various problems are caused 
by the heat in the heating process. 

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. 

Moreover, it is known that the low relative dielectric 
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. 

Additionally, as shown in FIG. 9, in the semiconductor 
device 31 of the present embodiment, the Cu conductive 
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 Sub 
stantially connected to the Si Substrate 1 and the SiCN film 
3 of the first layer. Accordingly, the Cu conductive layer 14 
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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. 

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. 

Moreover, for example, the thermal expansion of the low 
relative dielectric constant film 4 along the thickness direc 
tion 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 reinforcing 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. 

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 conductive 
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. 

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 rein 
forcing 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 
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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. 

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 
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. 

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. 

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 capa 
bility and quality of the semiconductor device 31 or reli 
ability of the semiconductor device 31. Additionally, there is 
hardly a possibility of deterioration of yield of the semicon 
ductor device 31 because of the manufacturing of defective 
products or deterioration of production efficiency of the 
semiconductor device 31. 

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

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 
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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. 

Moreover, a So-called borderleSS chain pattern was 
formed in which the Cu wiring layer 13 of the first layer was 
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. 

Furthermore, the top barrier film (layer) and capping 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. 

Based on the above-described Settings, for a purpose 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 resistance 
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 manu 
facturing process of the Semiconductor device 31 was evalu 
ated 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 
plugs 

Evaluation 
result 

Plug interval 
(um) 

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 

15 

25 

35 

40 

45 

50 

55 

60 

65 

18 

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 
0.52 X 
1.04 X 

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 

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. 

Moreover, as seen from Table 2, even when five plugs 
including the Cu conductive plug 27 (four Cu reinforcing 
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 impossible 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. 

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. 

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 appropri 
ate 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. 
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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 A in 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. 
AS described above, according to the first embodiment, in 

the Semiconductor device 31 including the interlayer insu 
lating 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 conductive 
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 
layers, 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. 
(Second Embodiment) 

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 semiconductor 
device according to the second embodiment. FIG. 11 is a 
Sectional view Schematically showing the wiring structure 
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 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. 

In the present embodiment, as shown in FIG. 10, char 
acteristics 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) 
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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. 
As shown in FIG. 10, in the first layer, a reinforcing 

wiring layer 45 of the first layer comprised of one reinforc 
ing metal layer 46 and two reinforcing plugs (second rein 
forcing 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 reinforcing 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 Sub 
strate 1. The recess 42 of the first layer is formed in parallel 
with the recess 5 of the first layer using the RIE process. 

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. 

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. 
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. 

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 
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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. 

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 rein 
forcing 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). 

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. 

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 description, 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. 

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. 

It is to be noted that in FIG. 11, for ease of seeing the 
direction of the main heat StreSS generated inside the Semi 
conductor device 41, the hatching is omitted in drawing the 
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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. 
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. 
Accordingly, the Cu reinforcing metal layer 46 is Substan 
tially 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 constant 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. 

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 
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. 

Next, the tests and results carried out by the present 
inventors will be described with reference to FIGS. 11 and 
12, and Table 4. 
By a test process similar to that of the first embodiment, 

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 inter 
layer insulating films 4 of the first and Second layers, a 
methyl polysiloxane (MSQ)-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. 
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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. 

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 rein 
forcing wiring layers 45, 51 are provided to substantially 
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. 
As shown in FIG. 11, the interval between the Cu rein 

forcing 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. 
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 FIG. 10 and FIGS. 11 and 12. 

TABLE 4 

Distance between wiring 
layer/reinforcing wiring interval 

layer (um) (um) 
2 3 

5 

5 3 
5 

7 3 
5 

1O 3 
5 

Plug 
Evaluation 

result 

AS a result of the test based on the above-describing 
Setting, as shown in Table 4, it has been found that the plug 
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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 tim 
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. 

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. 

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. 
AS described above, according to the Second embodiment, 

the effect similar to that of the first embodiment can be 
obtained. Moreover, especially when the interval E between 
the Cu conductive layer 14 and the Cu reinforcing metal 
layer 46 is Set to about 5um or less, the vertical load StreSS 
applied to the effective wiring area 29 can largely be 
reduced. 

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. 
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 
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connected to the reinforcing material. Accordingly, 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. 

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 reinforcing wiring layer 
51 of the second layer is substantially connected to the Cu 
reinforcing wiring layer 45 (Cu reinforcing 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 mate 
rial. Accordingly, the Cu reinforcing wiring layer 51 (Cu 
reinforcing metal layer 52) of the Second layer is Substan 
tially 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. 
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 rein 
forcing 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. 

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 com 
prised of the Cu wiring layer/low-k film Structure having the 
high reliability. 
(Third Embodiment) 

Next, a third embodiment according to the present inven 
tion will be described with reference to FIG. 13. FIG. 13 is 
a Sectional view showing the Semiconductor device accord 
ing 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 descrip 
tion will be omitted. 
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. 

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). 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 
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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. 
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. 
AS described above, according to the third embodiment, 

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 
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. 
(Fourth Embodiment) 

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. 
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. 
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 embodiment 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. 
(Fifth Embodiment) 

Next, a fifth embodiment according to the present inven 
tion will be described with reference to FIG. 15. FIG. 15 is 
a Sectional view showing the Semiconductor device accord 
ing 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 descrip 
tion will be omitted. 
As shown in FIG. 15, in a semiconductor device 81 of the 

present embodiment, the SiC film comprising the capping 
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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. 
AS described above, according to the fifth embodiment, 

the effect similar to that of the first to fourth embodiments 
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 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. 

Moreover, in the same manner as in the Semiconductor 
device 41 of the Second embodiment, also in the Semicon 
ductor device 81 of the present embodiment, the SiCN film 
3 of each layer which is the top barrier layer is not neces 
Sarily 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. 
(Sixth Embodiment) 

Next, a sixth embodiment according to the present inven 
tion 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. 

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 Semicon 
ductor device 91 includes the multi-layered reinforcing 
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. 

Moreover, in a semiconductor device 101 shown in FIGS. 
17A and 17B, in the same manner as in the semiconductor 
device 91, the Cu reinforcing wiring layers 92 each includ 
ing the Cu reinforcing metal layer 93 and Cu reinforcing 
contact plug 94 (Cu reinforcing via plug 94) are stacked/ 
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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 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. 

Further in a semiconductor device 111 shown in FIGS. 
18A and 18B, Cu reinforcing wiring layers 112 each includ 
ing a Cu reinforcing contact plug (Cu reinforcing via plug) 
114, and a Cu reinforcing metal layer 113 having Substan 
tially the same size and shape as those of the reinforcing 
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 structure. It is 
to be noted that FIG. 18B is a sectional view along one-dot 
chain line Z-Z in FIG. 18A. 

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 accord 
ing to any one of the first to fifth embodiments is Stacked in 
three layers, and is therefore omitted from the drawing. 
AS described above, according to the Sixth embodiment, 

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. 
(Seventh Embodiment) 

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 descrip 
tion will be omitted. 

In the present embodiment, for example, in the Semicon 
ductor 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 
constant film whose Young's modulus is about 20 GPa or 
less. In this case, a dummy wiring (dummy via chain) 
























