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(57) ABSTRACT 

A highly reliable Semiconductor device having a contact 
hole with a Sufficient area can be obtained. An interlevel 
insulating film is formed on a conductive region having a 
first width. A through hole which exposes the conductive 
region is formed at the interlevel insulating film. A coating 
film is formed on the interlevel insulating film. In the coating 
film, an opening having a Second width larger than the first 
width is formed in a region located on the through hole. An 
interconnect line is formed in a region located on the 
opening. A conductor film for electrically connecting the 
conductive region and the interconnect line is generated 
within the through hole. 

16 Claims, 14 Drawing Sheets 
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FIG. 23 PRIOR ART 
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FIG. 25 PRIOR ART 
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FIG. 27 PRIOR ART 
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SEMCONDUCTOR DEVICE HAVING 
INTERCONNECT LAYER AND METHOD OF 

MANUFACTURING THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a Semiconductor device 
and a method of manufacturing thereof, particularly to a 
Semiconductor device having a multilevel interconnect 
Structure with a connecting portion and a method of manu 
facturing thereof 

2. Description of the Background Art 
AS a Semiconductor device Such as the LSI is highly 

integrated, requirements become Severer Such as enhance 
ment in dimension accuracy of interconnect lines employed 
in the Semiconductor device, assurance of planarity in a 
multilevel interconnect Structure, and proceSS Simplification 
for reduction of the proceSS cost. A proposed approach 
which has been attracting attention recently is a buried 
interconnect process (hereinafter referred to as damascene 
method), as an idea totally opposed to the conventional 
interconnect formation method according to which an inter 
connect line is first processed, an interlevel insulating film is 
then deposited, and thereafter a planarization process is 
performed. According to the damascene method, a trench is 
first generated in an insulating film for producing an inter 
connect line. The trench is filled with metal Such as copper 
as an interconnect line, and a metal film formed in any 
region except for the trench is removed by chemical 
mechanical polishing (hereinafter referred to as CMP) or 
like method. 

Using the damascene method, the high aspect ratio pro 
ceSS of aluminum and the high aspect ratio fill-in process of 
an insulating film that were conventionally required in the 
interconnect formation process are unnecessary. An advan 
tage accordingly obtained is that the interlevel insulating 
film can easily be planarized in the multilevel interconnect 
Structure. 

“1997 Symposium on VLSI Technology Digest of Tech 
nical Papers' pp. 31-32 discloses a dual damascene method. 
According to the dual damascene method, a trench for 
generating an interconnect line as described above and a 
connection hole for connection with another interconnect 
layer are generated in one etching process. The trench and 
the connection hole are then filled with a conductor film Such 
as metal in one film-generation process. A conductor film 
formed in a region other than the trench is removed by the 
CMP or the like. The dual damascene method provides the 
reduced number of manufacturing Steps of a Semiconductor 
device. 

Referring first to FIGS. 21-25, a method of manufactur 
ing a conventional Semiconductor device having an inter 
connect Structure generated by the dual damascene method 
is briefly described based on the document referred to above. 
As shown in FIG. 21, a trench for an interconnect line is 

formed in an oxide film 101 deposited on a semiconductor 
substrate (not shown), and the trench is filled with metal 
Such as copper to generate a lower-level interconnect line 
102 having a width W1. On the first interlevel insulating film 
101 and lower-level interconnect line 102, a second inter 
level insulating film 103 formed of a silicon oxide film is 
formed. The film thickness of the second interlevel insulat 
ing film 103 is approximately 0.8 um. An etching Stopper 
layer 104 formed of a silicon nitride film is formed on the 
second interlevel insulating film 103. An opening 108 for 
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2 
generating a through hole 109 (see FIG. 23) described below 
is formed in etching stopper layer 104. The film thickness of 
etching Stopper layer 104 is approximately 0.2 lim. A width 
W2 of opening 108 is made equivalent to the width W1 of 
lower-level interconnect line 102. 

As shown in FIG.22, a third interlevel insulating film 105 
formed of a Silicon oxide film is deposited on etching 
stopper layer 104. The film thickness of the third interlevel 
insulating film 105 is approximately 0.9 tum. 
A resist pattern (not shown) is next formed on the third 

interlevel insulating film 105. Using the resist pattern as a 
mask, the third interlevel insulating film 105 is partially 
removed by anisotropic etching to generate trenches 
106a-106d to be filled with second interconnect lines as 
shown in FIG. 23. The etching for generating trenches 
106b-106d is stopped at etching stopper layer 104. 
However, in the region below trench 106a, etching still 
proceeds to partially remove the Second interlevel insulating 
film 103 due to the presence of opening 108 in etching 
stopper layer 104. Accordingly, through hole 109 is formed 
in the second interlevel insulating film 103. At the bottom of 
through hole 109, an upper surface of lower-level intercon 
nect line 102 is exposed. In the etching process for gener 
ating trenches 106a-106d to be filled with interconnect lines 
107a-107d (see FIG. 25), through hole 109 can subse 
quently be generated. The resist pattern is thereafter 
removed. 

Within trenches 106a-106d and through hole 109, a Ti 
film and a TiN film (not shown) are formed. As shown in 
FIG. 24, a metal film 107 such as copper is deposited in 
trenches 106a-106d and through hole 109 and on the third 
interlevel insulating films 105a-105c. 

Metal film 107 located on the third interlevel insulating 
films 105a-105c is thereafter removed by the CMP to 
generate interconnect lines 107a-107d as shown in FIG. 25. 
The Semiconductor device is thus manufactured conven 

tionally with an interconnect Structure produced by the dual 
damascene method. 

Referring to FIG. 21, according to the conventional dual 
damascene method illustrated in FIGS. 21-25, the width W2 
of opening 108 formed in etching stopper layer 104 is 
defined to be equivalent to or smaller than the width W1 of 
lower-level interconnect line 102 or the width of intercon 
nect line 107a (see FIG. 25). In some cases, if opening 108 
formed in etching Stopper layer 104 is displaced horizontally 
relative to lower-level interconnect line 102 or interconnect 
line 107a, the plane area of through hole 109 could be 
Smaller than the area originally designed as shown in FIG. 
26. When opening 108 of etching stopper layer 104 is thus 
displaced relative to lower-level interconnect line 102 or 
interconnect line 107a, through hole 109 could not reach the 
upper surface of lower-level interconnect line 102, or the 
area of the upper surface of lower-level interconnect line 102 
exposed at the bottom of through hole 109 could be smaller 
even if through hole 109 reaches the upper surface of 
interconnect line 102. A problem then arises is that a proper 
contact resistance between lower-level interconnect line 102 
and interconnect line 107 a cannot be obtained. 

In the conventional device, when opening 108 formed in 
etching Stopper layer 104 is displaced, the shape of through 
hole 109 in the plan view is a rectangle as shown in FIG. 26, 
and depending on the distance of displacement of opening 
108, the shape of through hole 109 in the plan view varies. 
FIG. 26 is a plan view of the semiconductor device shown 
in FIG. 25 with line 900–900 in FIG. 26 corresponding to 
the croSS Section of FIG. 25. In the usual anisotropic etching, 
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control of the etching for generating an opening with a 
rectangular two-dimensional shape is more difficult than the 
etching for generating an opening having a circular or Square 
two-dimensional shape. Accordingly, the etching for gener 
ating through hole 109 shown in FIG. 23 cannot be con 
trolled precisely to cause problems that through hole 109 
does not reach lower-level interconnect line 102 and that 
damage is given to lower-level interconnect line 102 or other 
components due to overetching. 

Referring to FIG. 27, as the plane area of through hole 109 
decreases with miniaturization of the Semiconductor device, 
the rate of change in etch rate increases. FIG. 27 is a graph 
showing a relation between the plane area of the through 
hole and the etch rate. When through hole 109 having a 
plane area Smaller than the conventional one is formed, the 
etch rate changes with variation of the plane area of through 
hole 109, leading to deterioration of control accuracy of 
etching. Consequently, through hole 109 is improperly made 
to cause malfunction of the Semiconductor device. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a 
Semiconductor device having a contact hole with a Sufficient 
area and having a higher reliability. 

Another object of the invention is to provide a method of 
manufacturing a Semiconductor device having a contact hole 
with a Sufficient area and having a higher reliability. 

According to one aspect of the invention, a Semiconductor 
device includes a conductive region, an interlevel insulating 
film, a coating film, an interconnect layer and a conductor 
film. The conductive region has a first width. The interlevel 
insulating film is formed on the conductive region. A 
through hole for exposing the conductive region is formed in 
the interlevel insulating film. The coating film is formed on 
the interlevel insulating film. An opening having a Second 
width larger than the first width is formed in the coating film 
on the through hole. The interconnect layer is formed in a 
region located on the opening. The conductor film is formed 
within the through hole for electrically connecting the 
conductive region and the interconnect layer. 

Since the Second width of the opening is made larger than 
the first width of the conductive region, even if the opening 
formed in the coating film is displaced in the manufacturing 
process of the Semiconductor device, the coating film is not 
formed in a region where the through hole should be 
generated. Although there are problems in an etching pro 
ceSS for generating the through hole that the two 
dimensional shape of the through hole cannot be formed into 
a prescribed shape due to the presence of the coating film to 
reduce the plane area of the through hole or that the through 
hole cannot be generated, those problems can be avoided by 
the arrangement above. A through hole having a Sufficient 
plane area can thus be produced. If the plane area of the 
through hole becomes Smaller, a contact resistance could be 
different from a set value, or when the through hole is not 
generated, defective connection between interconnect lines 
occurs to cause malfunction of the Semiconductor device. 
However, Such problems can be avoided by the arrangement 
above. A Semiconductor device having a high reliability can 
thus be obtained. 

Since the opening has the Second width greater than the 
first width, the margin of position accuracy in generation of 
the opening in the coating film can be made larger compared 
with the conventional device without affecting the plane area 
and the two-dimensional shape of the through hole. A 
through hole having a Sufficient dimension can easily be 
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4 
formed accordingly. The malfunction of the Semiconductor 
device caused by the contact resistance different from the Set 
value due to the reduced plane area of the through hole, or 
caused by defective connection between interconnect lines 
due to the through hole can be prevented. A Semiconductor 
device with a high reliability can thus be achieved. 

According to the one aspect described above, the con 
ductive region may be a lower-level interconnect layer in the 
Semiconductor device. 

According to the one aspect above, the conductive region 
may be formed at a main Surface of a Semiconductor 
Substrate in the Semiconductor device. 

According to the one aspect described above, the inter 
connect layer may be buried in an insulating film formed on 
the coating film, and the upper Surface of the insulating film 
and the upper Surface of the interconnect layer may be 
located on Substantially the Same plane in the Semiconductor 
device. 

In this case, in the manufacturing process of the Semi 
conductor device, when a Step of generating in the insulating 
film a trench filled with the interconnect layer and the step 
of generating the through hole in the interlevel insulating 
film are Successively done in the same etching process, the 
coating film can be utilized as an etching Stopper layer in the 
etching Step for generating the trench. In the etching Step for 
generating the through hole, the reduced plane area of the 
through hole due to the presence of the coating film as well 
as the two-dimensional shape of the through hole which 
does not match with a prescribed shape can be avoided. 
Consequently, the manufacturing process can be simplified 
and a Semiconductor device provided with a through hole 
with a Sufficient plane area and having a high reliability can 
easily be obtained. 

According to the one aspect above, the width of the 
opening extending almost vertically relative to the direction 
in which the interconnect layer extends may be larger than 
the width of the interconnect layer. 

In this case, Since the width of the opening is made larger 
than the width of the interconnect layer, even if the opening 
formed in the coating film is displaced, the coating film is 
never formed in a region where the through hole should be 
formed in the manufacturing process of the Semiconductor 
device. Therefore, in the etching Step for generating the 
through hole, Such a problem as decrease of the plane area 
of the through hole due to the presence of the coating film 
which causes the two-dimensional shape of the through hole 
not to match a prescribed shape or the problem that the 
through hole is not generated can be avoided. Accordingly, 
a through hole having a Sufficient plane area can be formed. 
Since formation of the through hole with a sufficient plane 
area is ensured, malfunction of the Semiconductor device 
can be prevented, the malfunction caused by defective 
connection between interconnect lines due to the reduced 
plane area of the through hole leading to the contact resis 
tance which is different from a set value and due to the fact 
that the through hole is not generated. As a result, a 
Semiconductor device with a high reliability can be 
obtained. 

Since the width of the opening is larger than that of the 
interconnect layer, the margin of position accuracy of the 
opening can be increased compared with the conventional 
device without affecting the plane area and the two 
dimensional shape of the through hole when the opening is 
formed at the coating film. Accordingly, the through hole 
having a Sufficient size can easily be generated. As a result, 
malfunction of the Semiconductor device due to improper 
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opening of the through hole can be avoided to obtain a 
highly reliable Semiconductor device. 

According to the one aspect above, the width of the 
interconnect layer may be larger than the width of the 
opening in the direction almost perpendicular to the direc 
tion in which the interconnect layer extends in the Semicon 
ductor device. 

In this case, the interconnect layer can be formed to cover 
the entire opening. In the manufacturing process of the 
Semiconductor device, the coating film can be used as an 
etching mask for generating the through hole to form the 
through hole having its two-dimensional shape Similar to 
that of the opening at the coating film. The through hole 
having the Second width greater than the first width can thus 
be formed. The through hole having a Sufficient plane area 
can easily be formed. A highly reliable Semiconductor 
device can thus be obtained. 

According to the one aspect above, the two-dimensional 
shape of the opening may be almost Square in the Semicon 
ductor device. 

In this case, when the through hole is formed by etching 
using the coating film as an etching mask, the two 
dimensional shape of the through hole can be made almost 
Square. Etching for generating a through hole having its 
two-dimensional shape which is almost Square can be con 
trolled more precisely than the conventional etching which 
generates a rectangular two-dimensional shape. 

Since the two-dimensional shape of the through hole is 
almost Square which is similar to the two-dimensional shape 
of the opening, the two-dimensional shape of the through 
hole does not become a rectangle having various sizes as 
produced due to displacement of the opening in the conven 
tional manufacturing process of a Semiconductor device. 
The etching for generating the through hole can be con 
trolled more easily. The through hole having a Sufficient 
plane area can easily be generated. Malfunction of the 
Semiconductor device due to improper opening of the 
through hole can be prevented and a Semiconductor device 
having a higher reliability can easily be obtained. AS the size 
of the through hole decreases, the rate of change of etch rate 
relative to the change of the size of the through hole 
becomes higher. Therefore, as the Size of the through hole 
becomes extremely Smaller, the invention becomes more 
effective in that the change of the etch rate can be prevented 
and the etching can be controlled precisely by making the 
two-dimensional shape of the through hole with a prescribed 
SZC. 

According to the one aspect above of the invention, the 
width of the interconnect layer may be almost equal to the 
width of the opening in the direction almost parallel to the 
direction in which the interconnect layer extends in the 
Semiconductor device. 

In this case, when the coating film is used as an etching 
mask in the etching Step for generating the through hole, the 
width of the through hole in the direction almost parallel to 
the direction in which the interconnect layer extends can be 
made almost equal to the width of the interconnect layer. 
When the width of the through hole in the direction almost 
perpendicular to the direction in which the interconnect 
layer extends is made almost equal to the width of the 
interconnect layer, the through hole can be shaped into a 
Square in the plan view. In this case, compared with the 
conventional device in which the through hole is 
rectangular, the etching for generating the through hole can 
precisely be controlled. 

According to the one aspect above, a barrier metal layer 
is formed at the Surface of the interconnect layer in the 
Semiconductor device. 
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6 
According to the one aspect above, the barrier metal layer 

may include at least the one Selected from the group con 
Sisting of refractory metal, nitride of refractory metal, nitride 
of refractory metal and Silicon, alloy containing at least two 
kinds of refractory metal, and nitride of alloy containing at 
least two kinds of refractory metal in the Semiconductor 
device. 

In the Semiconductor device according to the one aspect 
above, the interconnect layer and the conductor film may 
include at least the one Selected from the group consisting of 
Cu, Cu alloy, Al, Al alloy, Ag, Ag alloy, Au, W, WN, TiN, 
TWN, Ta, TaN, and doped polysilicon. 

In the Semiconductor device according to the one aspect 
above, the coating film may include at least the one Selected 
from the group consisting of SiN, SiON, SiN containing 
fluorine, SiON containing fluorine, Al2O, and Al-O con 
taining fluorine. 

According to a manufacturing method of a Semiconductor 
device in another aspect of the invention, a conductive 
region having a first width is formed. An interlevel insulat 
ing film is formed on the conductive region. On the inter 
level insulating film, a coating film including an opening 
having a Second width larger than the first width in a region 
located on the conductive region is formed. In the region 
located on the conductive region, the interlevel insulating 
film is removed by etching to generate a through hole that 
exposes the conductive region. A conductor film is formed 
within the through hole. An interconnect layer which is 
electrically connected with the conductive region via the 
conductor film is formed. 

According to this method, the Second width of the open 
ing is made larger than the first width of the conductive 
region So that the coating film is not generated in a region 
where the through hole should be formed even if the opening 
formed at the coating film is displaced. Some problems can 
be prevented accordingly in the etching Step for generating 
the through hole. Those problems are that the two 
dimensional shape of the through hole cannot have a pre 
Scribed shape, and accordingly the plane area of the through 
hole becomes Smaller or that the through hole cannot be 
generated due to the presence of the coating film. A through 
hole having a Sufficient plane area can thus be formed Surely 
and easily. Malfunction of the Semiconductor device due to 
improper opening of the through hole can be avoided. 
Consequently, a highly reliable Semiconductor device can 
readily be obtained. 

Further, the opening has the Second width larger than the 
first width, the margin of the position accuracy can be 
increased when the opening is formed at the coating film 
without affecting the plane area and the two-dimensional 
shape of the through hole. A through hole having a Sufficient 
Size can easily be formed. Occurrence of malfunction of the 
Semiconductor device due to improper opening of the 
through hole can easily be prevented. A highly reliable 
Semiconductor device can thus be obtained easily. 
The foregoing and other objects, features, aspects and 

advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a Semiconductor device according 
to a first embodiment of the invention. 

FIG. 2 is a cross section along line 100-100 in FIG. 1. 
FIGS. 3-6 are cross sections respectively illustrating the 

first to the fourth Steps of a manufacturing process of the 
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semiconductor device in the first embodiment of the inven 
tion shown in FIG. 2. 

FIG. 7 is a plan view illustrating a first modification of the 
Semiconductor device according to the first embodiment. 

FIG. 8 is a cross section along line 200–200 in FIG. 7. 
FIG. 9 is a croSS Section illustrating a Second modification 

of the Semiconductor device according to the first embodi 
ment. 

FIG. 10 is a plan view of a semiconductor device accord 
ing to a Second embodiment of the invention. 

FIG. 11 is a cross section along line 100–100 in FIG. 10. 
FIG. 12 is a plan view illustrating a modification of the 

Semiconductor device according to the Second embodiment. 
FIG. 13 is a cross section along line 300–300 in FIG. 12. 
FIG. 14 is a plan view of a semiconductor device accord 

ing to a third embodiment. 
FIG. 15 is a plan view of a semiconductor device accord 

ing to a fourth embodiment. 
FIG. 16 is a cross section along line 400–400 in FIG. 15. 
FIG. 17 is a plan view illustrating a modification of the 

Semiconductor device according to the fourth embodiment. 
FIG. 18 is a cross section along line 500–500 in FIG. 17. 
FIG. 19 is a plan view of a semiconductor device accord 

ing to a fifth embodiment. 
FIG. 20 is a plan view illustrating a modification of the 

Semiconductor device according to the fifth embodiment. 
FIGS. 21-25 are cross sections respectively illustrating 

the first to the fifth Steps of a manufacturing process of a 
conventional Semiconductor device. 

FIG. 26 is a plan view of the conventional semiconductor 
device. 

FIG.27 is a graph showing a relation between a plane area 
and an etch rate of a through hole of a Semiconductor device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the invention are hereinafter described in 
conjunction with the drawings. 

First Embodiment 

Referring to FIGS. 1 and 2, a semiconductor device 
according to the first embodiment of the invention is 
described. 

Referring to FIG. 2, the semiconductor device of the first 
embodiment includes first to third interlevel insulating films 
1, 3 and 5a-5c, a lower-level interconnect line 2, an etching 
stopper layer 4 and interconnect lines 7a-7d. The first 
interlevel insulating film 1 is formed on a Semiconductor 
Substrate (not shown). Lower-level interconnect line 2 is 
generated by filling a trench formed for making an inter 
connect line in the first interlevel insulating film 1 with metal 
Such as copper. The Second interlevel insulating film 3 is 
formed on the first interlevel insulating film 1 and lower 
level interconnect line 2. On the Second interlevel insulating 
film 3, etching stopper layer 4 formed of a silicon nitride film 
is formed. An opening 8 is formed at etching Stopper layer 
4 

Although the two-dimensional shape of opening 8 is 
Square as shown in FIG. 1, it may be circular. If opening 8 
has its two-dimensional shape of a circle, etching for gen 
erating opening 8 can be controlled more precisely. The 
circular two-dimensional shape of opening 8 provides Such 
effects as improved coverage of barrier metal formed in 
opening 8 and easier fill-in of opening 8 with a metal film. 

1O 
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8 
A width W2 of opening 8 is larger than a width W1 of 

lower-level interconnect line 2. The third interlevel insulat 
ing films 5a–5c are formed on etching Stopper layer 4. 
Interconnect lines 7a-7d are generated by filling, trenches 
6a-6d formed in the third interlevel insulating films 5a-5c 
for making interconnect lines, with metal Such as copper. 
Interconnect line 7a is electrically connected with lower 
level interconnect line 2 by a metal film Such as copper 
formed within a through hole 9. 

Since the width W2 of opening 8 of etching stopper layer 
4 is made larger than the width W1 of lower-level intercon 
nect line 2, the distance between a Sidewall of through hole 
9 and a Sidewall of opening 8 of etching Stopper layer 4 can 
be made large enough. Therefore, even if opening 8 of 
etching Stopper layer 4 is displaced in the manufacturing 
process of the Semiconductor device, etching Stopper layer 
4 is not formed in a region where through hole 9 is 
generated. In the etching process for generating through hole 
9, if etching Stopper layer 4 is present there, the two 
dimensional shape of through hole 9 cannot be formed into 
a prescribed shape and accordingly the plane area of through 
hole 9 becomes smaller or through hole 9 cannot be gener 
ated. According to the invention, Such problems can be 
prevented. Through hole 9 having a Sufficient plane area can 
thus be produced. Malfunction of the semiconductor device 
due to Such an improper through hole that prevents connec 
tion between lower-level interconnect layer 2 and intercon 
nect line 7a can be avoided. A highly reliable Semiconductor 
device can thus be obtained. 

Further, since opening 8 has the width W2 larger than the 
width W1 of lower-level interconnect line 2, even if opening 
8 of etching Stopper layer 4 is displaced to Some extent, the 
distance between through hole 9 and etching stopper layer 4 
can be made large enough. Accordingly, when opening 8 is 
to be formed at etching Stopper layer 4 without affecting the 
plane area and two-dimensional shape of through hole 9, the 
margin of position accuracy can be increased compared with 
the conventional device. Through hole 9 having a sufficient 
Size can be formed more easily. Consequently, Such a 
problem as malfunction of the Semiconductor device due to 
improperly generated through hole 9 can be avoided more 
easily. A highly reliable Semiconductor device can thus be 
obtained. 

Further, when the Step of generating trenches 6a–6a to be 
filled with interconnect lines 7a-7d and the step of gener 
ating through hole 9 in the Second interlevel insulating film 
3 are Successively performed in the same etching process, 
etching Stopper layer 4 can be utilized as an etching Stopper 
in the etching Step for generating trenches 6a–6a. In the 
etching Step for generating through hole 9, reduction of the 
plane area of through hole 9 and the two-dimensional shape 
of through hole 9 which is not formed into a prescribed 
shape due to presence of etching Stopper layer 4 can be 
avoided. Accordingly, the manufacturing process can be 
Simplified and a highly reliable Semiconductor device hav 
ing a through hole with a Sufficient plane area can easily be 
formed. 

Referring now to FIGS. 3-6, the steps of manufacturing 
the Semiconductor device according to the first embodiment 
of the invention are described. 

Referring to FIG. 3, a trench having the width W1 is 
formed at a surface of the first interlevel insulating film 1 
formed of a silicon oxide film or the like. Lower-level 
interconnect line 2 is generated by filling the trench with a 
conductor formed of doped polysilicon or metal Such as 
copper. The Second interlevel insulating film 3 is formed on 
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the first interlevel insulating film 1 and on lower-level 
interconnect line 2. The second interlevel insulating film 3 
has its thickness of approximately 0.5-1.5 lim. A plasma 
TEOS film and a plasma SiO2 are generally employed as the 
second interlevel insulating film 3. However, a fluorine 
added SiO film having the relative dielectric constant lower 
than that of the SiO, an SOG film and polymer are 
employed in recent years. When Such materials having the 
low dielectric constant are employed, they are used with the 
SiO2 film as Stacked films. The capacitance between inter 
connect lines can accordingly be reduced by employing the 
low-dielectric constant material, and occurrence of RC delay 
of the interconnect lines can be prevented. 

If lower-level interconnect line 2 is formed of Such a 
material as copper where oxidation proceeds inwardly, an 
anti-oxidation film should be formed on lower-level inter 
connect line 2. An insulating film Such as an SiN film or a 
metal film is used as the anti-oxidation film. 

Etching Stopper layer 4 is next formed on the Second 
interlevel insulating film 3. An SiN film formed by plasma 
CVD is used as etching stopper layer 4. SiON and Al-O 
may be employed instead of SiN. The relative dielectric 
constant of the material used for etching Stopper layer 4 has 
a value higher than that of the relative dielectric constant of 
SiO. In order to reduce the relative dielectric constant, SiN 
containing fluorine (F), SiON containing fluorine (F), and 
Al-O containing fluorine (F) may be used. The capacitance 
between interconnect lines can be decreased accordingly. 
The relative dielectric constant of these materials is shown 
in Table 1. 

TABLE 1. 

Relative Dielectric Constant of Each 
Material of Etching Stopper Film 

Material No FAdded FAdded 

SN 7.5 6.5 
SON 6 5.5 
Al2O 9 8.5 

The film thickness of etching Stopper layer 4 is deter 
mined by Selectivity of etching Stopper layer 4 relative to the 
Second interlevel insulating film 3 in the etching Step for 
generating trenches 6a-6d (see FIG. 2) and through hole 9 
(see FIG. 2) described below. For example, if plasma TEOS 
and plasma SiN are used respectively as the Second inter 
level insulating film 3 and etching Stopper layer 4, the film 
thickness of etching stopper layer 4 is about 50-20 nm. 
Etching conditions in this case are shown in Table 2. 

TABLE 2 

Etching Condition 

Item Data 

Gas Type CF/O- 
Gas Flow Rate 20/10 sccm 

Pressure 2 mTorr 
RF Power 1 KW 
Substrate O C. 

Temperature 

The etch rate of various materials used as the interlevel 
insulating film is shown in Table 3, and the etch rate and the 
selectivity relative to plasma TEOS of various materials 
used as etching Stopper layer 4 are shown in Table 4. 
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TABLE 3 

Etch Rate of Each Material 

Material Etch Rate 

Plasma TEOS 400 mm/min 
Plasma SiO, 400 mm/min 

SOG 500 mm/min 

TABLE 4 

Etch Rate and Selectivity of Each Etching Stopper Material 

Etching Stopper Selectivity (relative 
Material Etch Rate to Plasma TEOS) 

Plasma SiN 30 mm/min 13.3 
Plasma SiON 50 mm/min 8 
Plasma Al2O. 10 mm/min 40 
FAdded Plasma SiN 35 mm/min 11 
FAdded Plasma SiON 60 mm/min 6.7 
FAdded Plasma Al-O. 12 mm/min 33.3 

When polymer is used as the Second interlevel insulating 
film 3, it is possible to use plasma TEOS, plasma SiO, 
fluorine added SiO, SOG and the like as etching stopper 
layer 4. In this case, if Ar/O is used as etching gas of 
polymer constituting the Second interlevel insulating film 3, 
the Selectivity of polymer relative to etching Stopper layer 4 
can be made approximately indefinite. Etching conditions in 
this case are shown in Table 5. 

TABLE 5 

Etching Condition when Polymer 
is Used as Interlevel Insulating Film 

Item Data 

Gas Type Arfo 
Gas Flow Rate 20/20 sccm 

Pressure 2 mTorr 
RF Power O.5 KW 

Substrate Temperature O C. 

Opening 8 is next formed at etching Stopper layer 4. The 
width W2 of opening 8 is defined to be larger than the width 
W1 of lower-level interconnect line 2. 

The sufficient distance between through hole 9 and etch 
ing Stopper layer 4 can accordingly be ensured. Even if 
opening 8 is displaced, etching Stopper layer 4 is not formed 
in a region where through hole 9 is to be formed. In the 
etching Step for forming through hole 9, it is possible to 
avoid the problems that the through hole cannot be formed 
into a prescribed shape due to the presence of etching 
Stopper layer 4 leading to reduction of the plane area of 
through hole 9, that the contact area with lower-level inter 
connect line 2 decreases, or that through hole 9 is not 
formed. 

Even if opening 8 is displaced to Some extent, the 
sufficiently large width W2 of opening 8 can provide an 
enough distance between through hole 9 and etching Stopper 
layer 4. Accordingly, the margin of position are accuracy 
when opening 8 is generated increases compared with the 
conventional device. 

However, if the width W2 of opening 8 is too large, 
etching stopper layer 4 for interconnect lines 7b-7d (see 
FIG. 2) adjacent thereto cannot be provided. Therefore, the 
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width W2 of opening 8 should be a certain dimension or less. 
For example, it is required that the width W2 of opening 8 
does not exceed the value derived from the formula 

(distance between interconnect lines 7a-7d)+(line width of 
interconnect lines 7a-7d)-2x(margin). The range of the 
width W2 of opening 8 required for obtaining a necessary 
contact area is shown in Table 6 as an example based on the 
concept above. 

TABLE 6 

Opening Size for Interconnect Line Width, 
Interconnect Line Pitch and Margin 

Line Margin 
Width. Pitch Size of Opening (Connection Hole Pattern)(um 

(um) (um) 
1. 2 
O.8 1.6 
O6 1.2 
0.4 O.8 
O.3 O6 
O.2 0.4 

0.05 um 0.1 tim 0.15 um 0.2 tim 

1.01-2.9 
O81-23 
O.61-17 
0.41-1.1 
O32-08 
0.22-0.5 

1.03-28 
O.83-22 
O63-16 
0.44-1 
O34-0.7 
0.25-0.4 

1.05-2.7 
0.85-2.1 
0.66-1.5 
O.47-0.9 
O.38-0.6 
O.29-03 

1.07-26 
O88-2 
0.69-1.4 
0.5-0.8 

0.41-0.5 

Referring next to FIG. 4, the third interlevel insulating 
film 5 is formed on etching Stopper layer 4 and on opening 
8. The film thickness of the third interlevel insulating film 5 
corresponds to the height of interconnect lines 7a-7d which 
is approximately 0.3–2.0 lim. 
A resist pattern (not shown) is formed on the third 

interlevel insulating film 5. Using the resist pattern as a 
mask, the third and Second interlevel insulating films 5 and 
3 are partially removed to generate trenches 6a–6a and 
through hole 9 as shown in FIG. 5. In the region where 
opening 8 is formed at etching Stopper layer 4, etching 
proceeds into the Second interlevel insulating film 3 and 
accordingly through hole 9 is formed. At the bottom of 
through hole 9, the surface of lower-level interconnect line 
2 is exposed. In this etching Step, etching of etching Stopper 
layer 4 continues at the bottom of trenches 6b-6d while 
through hole 9 is generated. In order to avoid removal of 
etching Stopper layer 4 at the bottom of trenches 6a–6a, 
selectivity of the second and third interlevel insulating films 
3 and 5 relative to etching stopper layer 4 should be made 
higher. 

The width of trenches 6a-6d varies depending on the use 
of the interconnect line. In a Semiconductor device having a 
multilevel interconnect Structure, each level has interconnect 
lines having a width different from an interconnect line 
width of another level, or interconnect lines within the same 
level have different widths. When a manufacturing process 
of a Semiconductor device is designed, the minimum inter 
connect line width is taken into consideration for intercon 
nect lines formed within the same level. The minimum line 
width is approximately 0.18–1 um. The aspect ratio of 
trenches for generating Such interconnect lines is about 1-2. 
Following description is given for the case in which the 
width of interconnect lines 7a-7d is about 0.18-1 um as 
shown above. 

Referring to FIG. 6, conductor film 7 which is an inter 
connect material is formed within trenches 6a-6d and 
through hole 9. TiN, WN, TaN or the like is first formed as 
a bairier metal layer (not shown) in trenches 6a-6d and 
through hole 9. A copper film is next formed as an inter 
connect material on the barrier metal layer. 
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In order to generate the barrier metal layer, PVD (Physical 

Vapor Deposition) and CVD (Chemical Vapor Deposition) 
can be employed. AS the PVD process, collimation Sputter 
ing having a directional enhancement of particles incident 
on the substrate, long throw sputtering, IMP (Ionized Metal 
Plasma, disclosed in, for example, Peijun Ding et al., 
“VMIC Conference” pp. 87-92 (1997)), or the like may be 
employed instead of the general Sputtering. In order to 
generate the copper film, PVD, CVD and plating can be 
employed. When the PVD process is employed, it is difficult 
to generate a copper film without any void generated within 
the trench since the coverage of the film generated by PVD 
is not good. The copper can fill the trench having the aspect 
ratio of approximately 1.5 by raising the Substrate tempera 
ture when the copper film is formed, applying a high 
temperature reflow of copper after the copper film is formed, 
or combining these methods and Sputtering with the direc 
tional enhancement. 

The CVD and plating provide an excellent fill-in charac 
teristic. 

The film generating conditions for each material when the 
Sputtering is employed are shown in Table 7. 

TABLE 7 

Film Generating Condition by Sputtering for Each Material 

Substrate 
Material Type Gas Temperature Pressure Power 

TN Long Ar/N, Room ru4 mTorr 5-10 kW 
Throw Temperature - 

3OO C. 
WN Long Ar/N. Room ~4 mTorr 5-10 kW 

Throw Temperature - 
3OO C. 

TaN Long Ar/N. Room ~4 mTorr 5-10 kW 
Throw Temperature - 

3OO C. 
CN Long Ar/N. Room ~4 mTorr 5-10 kW 

Throw Temperature - 
3OO C. 

MON Long Ar? N. Room ~4 mTorr 5-10 kW 
Throw Temperature - 

3OO C. 
TWN Long Ar/N. Room ~4 mTorr 5-10 kW 

Throw Temperature - 
3OO C. 

Ta Long Ar Room ~4 mTorr 5-10 kW 
Throw Temperature - 

3OO C. 
Cu Normal Ar Room 2-10 mTorr 5-15 kW 

Temperature - 
400° C. 

Long Ar Room 1-4 mTorr 5-10 kW 
Throw Temperature - 

OO C. 
Reflow Air, H, 300-500° C. 1-10 mTorr None 

Al Normal Ar Room 2-10 mTorr 5-15 kW 
Temperature - 
350° C. 

Long Ar Room 1-4 mTorr 5-10 kW 
Throw Temperature - 

OO C. 
Reflow 400-450° C. Vacuum None 

Ag Normal Ar Room 2-10 mTorr 5-15 kW 
Temperature - 
350° C. 

The film generating conditions for each material when the 
CVD is employed are shown in Table 8. 
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TABLE 8 

Film Generating Condition by CVD for Each Material 

Raw Substrate RF 
Material Type Material, Gas Temperature Pressure Power 

TiN Thermal TDEAT, NH 300-400° C. 0.1-0.5 Torr 
TDMAT, NH, 350-450° C. 1-5 Torr 

Plasma TiCl, NH 400-500° C. 2-10 Torr 25OW 
TaN Thermal TBTDET, NH, 450-600° C. 0.5-2 Torr 
WN Plasma WF, NH 350-450° C. 2-10 Torr 25OW 
Cu Thermal Cu(HFA) 150-300° C. 5-20 Torr 

(TMVS), H., 

The conditions for generating a copper film using plating 
are shown in Table 9. 

TABLE 9 

Copper Film Generating Condition by Plating 

Plating Solution HSO/CuSO/HO 
HSO:100-200 g/L 
CuSO4:30-80 g/L 
HCl:20-100 mg/L 

Current Density 1-20mA/cm 
Temperature 30° C. 
Seed Layer Sputtering Cu20-10On 

Required characteristics for the barrier metal layer are an 
excellent adhesive property and an anti-diffusion ability. AS 
the materials that Satisfy Such requirements, refractory metal 
such as Cr, Ta, and W., nitride of refractory metal such as 
CrN and MoN, nitride of refractory metal and silicon Such 
as TiSiN, WSiN and TaSiN, alloy formed of at least two 
kinds of refractory metals such as TW, and nitride of alloy 
formed of at least two kinds of refractory metals. Such as 
TWN may be used, other than the materials mentioned 
above. 

AS materials for interconnect lines 7a-7d, alloy of Cu, Ag, 
Au, and Al having a low electrical resistance (AlCu, AlSiCu 
or the like), doped polysilicon having an excellent heat 
resistance, refractory metal such as W, WN, TiN, TiVN and 
TaN, or a compound thereof may be employed. If the 
refractory metal or its compound is used, the number of 
manufacturing StepS can be reduced by generating intercon 
nect lines 7a-7d using the same material as that of the 
barrier metal layer described above. 

The portion of conductor film 7 formed on the third 
interlevel insulating films 5a-5c is removed by CMP. 
Accordingly, the structure illustrated in FIG. 2 is obtained. 
As a slurry used for the CMP, mixed solution of QCTT1010 
and H202 Supplied by Rodel Products Corporation, for 
example, can be employed. As a pad used for the CMP, a 
stacked layer pad of IC1000/SUBA400 of the Rodel Prod 
ucts Corporation can be utilized. 
A multilevel interconnect Structure having more levels 

can be produced by repeating those processes described 
above. 

The values of via resistance in through hole 9 of the 
multilevel interconnect Structure thus generated are shown 
in Table 10 with the values of via resistance in a through hole 
of a multilevel interconnect Structure of the conventional 
Semiconductor device. 
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TABLE 10 

Via Resistance of Semiconductor Device Interconnect Line According 
to Conventional Example and This Embodiment of the Invention 

Via Resistance 

Diameter of Conventional This 
Through Hole Device Embodiment 

1 tim O.OS O.OS 
0.8 um O.08 O.O7 
0.6 tim O.2 0.1492 
0.4 tim O.6 O.33 
0.3 um 2.O. O67. 
0.2 tim open 1.9 

Referring next to FIG. 7, a first modification of the 
Semiconductor device according to the first embodiment 
basically has a structure Similar to that of the Semiconductor 
device of the first embodiment shown in FIG.1. A difference 
between the first modification shown in FIG. 7 and the 
embodiment shown in FIG. 1 is that an interconnect line 7a 
is formed to extend in a direction almost vertical to the 
direction in which a lower-level interconnect line 2 extends 
in the first modification. The croSS Section taken along line 
200–200 shown in FIG. 7 is illustrated in FIG.8. Referring 
to FIG. 8, the first modification of the semiconductor device 
of the first embodiment basically has a structure similar to 
that of the semiconductor device of the first embodiment 
shown in FIG. 2 except that the width of a through hole 9 is 
almost equal to a width W2 of an opening 8 of an etching 
Stopper layer 4. The reason is that opening 8 of etching 
Stopper layer 4 is used as an etching mask in the etching 
process for generating through hole 9 in the manufacturing 
process of the first modification. By utilizing opening 8 as an 
etching mask for generating through hole 9 by etching, 
through hole 9 having a Sufficient plane area can easily be 
formed. 

It is noted that according to the Semiconductor device of 
the first embodiment shown in FIGS. 1 and 2, opening 8 is 
also utilized as an etching mask for generating through hole 
9 by etching and accordingly a similar effect is achieved. 

Referring to FIG. 9, a second modification of the semi 
conductor device according to the first embodiment basi 
cally has a structure Similar to that of the Semiconductor 
device of the first embodiment shown in FIG. 2, except that 
a through hole 9 is formed on an impurity region 11 
corresponding to a conductive region formed at a main 
Surface of a semiconductor Substrate 10 in the second 
modification shown in FIG. 9. A width W2 of an opening 8 
of an etching Stopper layer 4 is made larger than a width W6 
of impurity region 11. Accordingly, the Second modification 
achieves an effect Similar to that of the Semiconductor device 
of the first embodiment shown in FIG. 2. 
The first and Second modifications of the Semiconductor 

device according to the first embodiment shown in FIGS. 7 
to 9 can basically be fabricated through a process Similar to 
the manufacturing process of the Semiconductor device 
according to the first embodiment shown in FIGS. 3 to 6. 

Second Embodiment 

Referring to FIGS. 10 and 11, a semiconductor device 
according to the Second embodiment basically has a struc 
ture similar to that of the semiconductor device of the first 
embodiment shown in FIGS. 1 and 2, except that a width W4 
of an opening 8 of an etching Stopper layer 4 is larger than 
the width of a lower-level interconnect line 2 and larger than 
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a width W3 of an interconnect line 7a in the semiconductor 
device of the second embodiment shown in FIGS. 10 and 11. 

Accordingly, if a trench 6a for generating interconnect 
line 7a and a through hole 9 are successively formed in the 
Same etching process, the width of trench 6a is almost equal 
to the width of through hole 9. The width W4 of opening 8 
is thus larger than the width of through hole 9. Therefore, the 
distance between a sidewall of through hole 9 and a sidewall 
of opening 8 of etching Stopper layer 4 can be made 
Sufficiently large. Even if opening 8 is displaced, etching 
Stopper layer 4 is not generated in a region where through 
hole 9 should be formed. Due to the presence of etching 
Stopper layer 4 in the etching process for generating through 
hole 9, through hole 9 might not be formed into a prescribed 
shape leading to a reduced plane area of through hole 9 or 
through hole 9 could not be formed. However, such prob 
lems can be prevented in this embodiment. Through hole 9 
having a Sufficient plane area can Surely be formed. A highly 
reliable Semiconductor device can be obtained accordingly. 

Further, since the width W4 of opening 8 is larger than the 
width W3 of interconnect line 7a, when opening 8 is formed 
as done in the first embodiment, the margin of position 
accuracy can be increased compared with the conventional 
device. A semiconductor device having through hole 9 with 
a Sufficient dimension can be obtained more easily. 
AS described regarding the Semiconductor device of the 

first embodiment above, barrier metal layers 12a-12d are 
respectively formed at surfaces of interconnect lines 7a-7d. 
The method and material for generating barrier metal layers 
12a-12d are similar to those for the barrier metal layers of 
the first embodiment. 

Referring to FIGS. 12 and 13, a modification of the 
semiconductor device of the second embodiment basically 
has a structure Similar to that of the Semiconductor device of 
the second embodiment shown in FIGS. 10 and 11. In the 
modification of the Semiconductor device of the Second 
embodiment shown in FIGS. 12 and 13, an interconnect line 
7a is formed to extend in a direction almost perpendicular to 
a lower-level interconnect line 2. Owing to the width W4 of 
an opening 8 made larger than the width W3 of interconnect 
line 7a, an effect similar to that of the second embodiment 
shown in FIGS. 10 and 11 is achieved. 

Third Embodiment 

Referring to FIG. 14, a Semiconductor device according to 
the third embodiment of the invention basically has a 
structure similar to that of the first modification of the 
semiconductor device of the first embodiment shown in FIG. 
7. According to the semiconductor device of the third 
embodiment, a width W2 of an opening 8 at an etching 
Stopper layer (not shown) in a direction almost perpendicu 
lar to a direction in which a lower-level interconnect line 2 
extends is made larger than a width W1 of lower-level 
interconnect line 2, and a width W4 of opening 8 in a 
direction almost perpendicular to a direction in which inter 
connect line 7a extends is made larger than a width W3 of 
interconnect line 7a. Therefore, according to the third 
embodiment of the invention, the Semiconductor device 
achieves both of the effects obtained by the first embodiment 
and the effect obtained by the second embodiment. 
A cross section along line 200-200 in FIG. 14 is Sub 

Stantially the Same as the croSS Section of the first modifi 
cation of the Semiconductor device according to the first 
embodiment shown in FIG. 8. A cross section along line 
300-300 in FIG. 14 is substantially the same as the cross 
Section of the modification of the Semiconductor device 
according to the second embodiment shown in FIG. 13. 
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The semiconductor device of the third embodiment can be 

fabricated by a manufacturing process almost similar to that 
of the semiconductor device of the first embodiment. 

Fourth Embodiment 

Referring to FIGS. 15 and 16, a semiconductor device of 
the fourth embodiment basically has a structure similar to 
that of the first embodiment shown in FIG.1. According to 
the fourth embodiment, a width W3 of an interconnect line 
7a is larger than a width W2 of an opening 8 in a direction 
almost perpendicular to the direction in which interconnect 
line 7a extends, and the widths W2 and W5 in directions 
respectively almost perpendicular to and almost parallel to 
the direction in which interconnect line 7a extends are made 
Substantially equal to each other. Accordingly, the two 
dimensional shape of opening 8 is almost Square. 

In the Semiconductor device according to the fourth 
embodiment, interconnect line 7a can be formed to entirely 
cover opening 8. When the dual damascene process is used 
in the manufacturing process of the Semiconductor device, 
an etching Stopper layer 4 (see FIG. 16) can be utilized as an 
etching mask in the etching process for generating a through 
hole 9 (see FIG. 16). It is accordingly possible to provide 
through hole 9 with a two-dimensional shape which is 
Substantially the same as the two-dimensional shape of 
opening 8. Through hole 9 having the width W2 larger than 
the width W1 of a lower-level interconnect line 2 can be 
formed. Through hole 9 having a Sufficient plane area can 
thus be formed easily to achieve a highly reliable Semicon 
ductor device. 

Opening 8 shaped into an almost Square can be used as an 
etching mask to generate through hole 9, So that the etching 
can be controlled more precisely compared with the con 
ventional etching process that generates a rectangular two 
dimensional shape of through hole 9. 

Further, the two-dimensional shape of through hole 9 is 
formed into a Square which is Substantially the Same as the 
two-dimensional shape of opening 8. Therefore, it is pos 
Sible to prevent generation of through hole 9 having its 
rectangular two-dimensional shape with various sizes due to 
displacement of opening 8 in the conventional manufactur 
ing process of the Semiconductor device. The etching pro 
ceSS for generating through hole 9 can be controlled more 
easily. Through hole 9 having a Sufficiently large plane area 
can thus be formed easily. 

Referring to FIGS. 17 and 18, a modification of the 
semiconductor device of the fourth embodiment basically 
has a structure Similar to that of the Semiconductor device of 
the fourth embodiment shown in FIGS. 15 and 16. Accord 
ing to this modification, an interconnect line 7a is generated 
to extend in a direction almost perpendicular to the direction 
in which a lower-level interconnect line 2 extends. Similarly 
to the semiconductor device of the fourth embodiment, a 
width W3 of interconnect line 7a is made larger than a width 
W5 of an opening 8 in a direction almost perpendicular to 
the direction in which interconnect line 7a extends. 
Therefore, an effect similar to that of the semiconductor 
device of the fourth embodiment shown in FIGS. 15 and 16 
is achieved. 

Fifth Embodiment 

Referring to FIG. 19, a semiconductor device according to 
the fifth embodiment basically has a structure similar to that 
of the first embodiment shown in FIG. 1. A cross section 
taken along line 600-600 in FIG. 19 is basically similar to 
the croSS Section of the Semiconductor device of the first 
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embodiment shown in FIG. 2. In the semiconductor device 
according to the fifth embodiment, a width W2 of an opening 
8 in a direction almost perpendicular to the direction in 
which an interconnect line 7a extends is made larger than a 
width W3 of interconnect line 7a, and red a width W5 of 
opening 8 in a direction almost parallel to the direction in 
which interconnect line 7a extends is made Substantially 
equal to the width W3 of interconnect line 7a. Consequently, 
the two-dimensional shape of a through hole 9 is almost 
Square. 

When an etching Stopper layer (not shown) is utilized as 
an etching mask in the etching process for generating 
through hole 9, the two-dimensional shape of through hole 
9 can be made almost square as shown in FIG. 19. Therefore, 
the etching for generating through hole 9 can be controlled 
more precisely compared with the conventional device in 
which through hole 9 is rectangular. 

Referring to FIG. 20, a modification of the fifth embodi 
ment basically has a Structure Similar to that of the Semi 
conductor device shown in FIG. 19. Further, a cross section 
along line 700–700 in FIG. 20 is basically the same as the 
croSS Section of the first modification of the Semiconductor 
device of the first embodiment shown in FIG.8. According 
to this modification, an interconnect line 7a is formed to 
extend in a direction almost perpendicular to the direction in 
which a lower-level interconnect line 2 extends. In the 
modification of the semiconductor device of the fifth 
embodiment, a width W5 of an opening 8 in a direction 
almost perpendicular to the direction in which interconnect 
line 7a extends is defined to be larger than a width W3 of 
interconnect line 7a, and a width W2 of opening 8 in a 
direction almost parallel to the direction in which intercon 
nect line 7a extends is defined to be almost equal to the 
width W3 of interconnect line 7a. Accordingly, through hole 
9 has its two-dimensional shape which is almost Square. In 
this case, an effect Similar to that of the Semiconductor 
device of the fifth embodiment shown in FIG. 19 is 
achieved. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 
What is claimed is: 
1. A Semiconductor device comprising: 
a conductive region having a first width; 
an interlevel insulating film formed on Said conductive 

region and having a through hole formed to expose Said 
conductive region; 

a coating film formed on Said interlevel insulating film 
and having an opening generated in a region located on 
Said through hole, the opening having a Second width 
larger than Said first width; 

an interconnect layer formed in a region located on Said 
opening, and 

a conductor film formed within said through hole for 
electrically connecting Said conductive region and Said 
interconnect layer. 

2. The Semiconductor device according to claim 1, 
wherein Said conductive region is a lower-level interconnect 
layer. 
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3. The Semiconductor device according to claim 1, 

wherein Said conductive region is formed at a main Surface 
of a Semiconductor Substrate. 

4. The Semiconductor device according to claim 1, 
wherein Said interconnect layer is buried in an insulating 
film formed on Said coating film, and an upper Surface of 
Said insulating film and an upper Surface of Said interconnect 
layer are located on Substantially the Same plane. 

5. The Semiconductor device according to claim 1, 
wherein a width of Said opening in a direction almost 
perpendicular to a direction in which Said interconnect layer 
extends is larger than a width of Said interconnect layer. 

6. The Semiconductor device according to claim 1, 
wherein a width of Said interconnect layer is larger than a 
width of Said opening in a direction almost perpendicular to 
a direction in which Said interconnect layer extends. 

7. The Semiconductor device according to claim 1, 
wherein a width of Said interconnect layer is almost equal to 
a width of Said opening in a direction almost parallel to a 
direction in which Said interconnect layer extends. 

8. The Semiconductor device according to claim 1, 
wherein a barrier metal layer is formed at a Surface of Said 
interconnect layer. 

9. The Semiconductor device according to claim 1, 
wherein Said interconnect layer and Said conductor film 
include at least one Selected from the group consisting of Cu, 
Cu alloy, Al, Al alloy, Ag, Ag alloy, Au, W, WN, TiN, TWN, 
Ta, TaN and doped polysilicon. 

10. The Semiconductor device according to claim 1, 
wherein Said coating film includes at least one Selected from 
the group consisting of SiN, SiON, SiN containing fluorine, 
SiON containing fluorine, Al2O, and Al-O containing 
fluorine. 

11. The Semiconductor device according to claim 1, 
wherein Said through hole in Said interlevel insulating film 
and Said opening in the region located on Said through hole 
have a similar two-dimensional shape, and Said opening and 
Said interconnect layer overlap. 

12. The Semiconductor device according to claim 4, 
wherein a width of Said opening in a direction almost 
perpendicular to a direction in which Said interconnect layer 
extends is larger than a width of Said interconnect layer. 

13. The Semiconductor device according to claim 4, 
wherein a width of Said interconnect layer is larger than a 
width of Said opening in a direction almost perpendicular to 
a direction in which Said interconnect layer extends. 

14. The Semiconductor device according to claim 4, 
wherein a barrier metal layer is formed at a Surface of Said 
interconnect layer. 

15. The Semiconductor device according to claim 6, 
wherein a two-dimensional shape of Said opening is Sub 
Stantially Square. 

16. The Semiconductor device according to claim 8, 
wherein Said barrier metal layer includes at least one 
Selected from the group consisting of refractory metal, 
nitride of refractory metal, nitride of refractory metal and 
Silicon, alloy containing at least two kinds of refractory 
metals, and nitride of alloy containing at least two kinds of 
refractory metals. 
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