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INTERCONNECTING STRUCTURE WITH 
DUMMY WAS 

1. FIELD OF THE INVENTION 

0001. The present invention relates to an interconnecting 
Structure, and more Specifically to an interconnecting Struc 
ture of an electronic device represented by a Semiconductor 
device having dummy Vias. 

2. DESCRIPTION OF THE BACKGROUND ART 

0002 FIG. 12 is a schematic top view for illustrating an 
interconnecting Structure in a conventional Semiconductor 
device. FIG. 13 is a sectional view taken along the line F-F' 
of FIG. 12 showing the interconnecting Structure manufac 
tured using a dual damascene method. 

0003) As FIGS. 12 and 13 show, dual damascene inter 
connects including Vias 28 connected to first wirings (M1) 
15 and second wirings (M2) 29 connected to the vias 28 are 
formed. Furthermore, in order to eliminate density differ 
ence between wiring patterns, first dummy wirings 15a are 
formed on the peripheries of the first wirings 15, and second 
dummy wirings 29a are formed on the peripheries of the 
second wirings 29. 

0004. In recent years, the miniaturization of semiconduc 
tor devices has caused an accompanying problem of wiring 
Signal delay. In order to Solve Such a problem, copper (Cu) 
is used as a wiring material, and a low-k dielectric film 
having a low dielectric constant (k) is used as interlayer 
dielectric films (for example, refer to Non-Patent Document 
“K. Hayashi et al., Proceedings of the 2002 International 
Interconnect Technology Conference, pp. 15-17"). 
0005. However, when a dimension of vias is reduced, 
density difference between isolated Vias and dense ViaS is 
enlarged due to the proximity effect. Furthermore, when ViaS 
are formed using a low-k dielectric film as an interlayer 
dielectric film, and when a chemically amplified resist, Such 
as a Krf resist and an Arf resist, is used as a mask, the 
problems of via resistance elevation and the occurrence of 
wire breaking are caused, in particular in isolated Vias, by an 
acid of the chemically amplified resist. In other words, a 
problem of the occurrence of a phenomenon known as 
“resist poisoning arises in Vias, in particular in isolated 
Vias. These problems are often caused when a cap film 
including different insulating films is formed on a low-k 
dielectric film in order to prevent causing ashing damage to 
the low-k dielectric film. 

0006. In addition, for example, in electronic devices such 
as high-technology logic circuit products, the Source Voltage 
is lowered to reduce power consumption. Therefore, a 
problem of malfunction is often caused by external noise. 

SUMMARY OF THE INVENTION 

0007. The present invention has been conceived to solve 
the previously-mentioned problems and a general object of 
the present invention is to provide a novel and useful 
interconnecting Structure. 

0008 One more specific object of the present invention is 
to inhibit the occurrence of resist poisoning when Vias are 
formed in a low-k dielectric film. Another more specific 

Feb. 17, 2005 

object of the present invention is to provide an intercon 
necting Structure having a high margin against external 
noise. 

0009. The above object of the present invention is 
attained by a following interconnecting Structure. 
0010. According to an aspect of the present invention, the 
interconnecting Structure comprises first wirings formed on 
a Substrate. A low-k dielectric film is formed on the first 
wirings, the low-k dielectric film having dielectric constant 
of 3 or less. Vias are formed in the low-k dielectric film and 
connected to the first wiring. Second wirings are formed on 
the Vias and connected to the Vias. Dummy Vias are formed 
on the periphery of an isolated via of the Vias. 
0011. Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a first embodiment of the present invention; 
0013 FIGS. 2A and 2B are sectional views taken along 
the line A-A of FIG. 1 showing the interconnecting struc 
ture manufactured using a dual damascene method; 
0014 FIGS. 3A to 3F are sectional process diagrams for 
illustrating the method for manufacturing the interconnect 
ing structure shown in FIG. 2A; 
0015 FIG. 4 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a Second embodiment of the present invention; 

0016 FIG. 5 is a sectional view taken along the line B-B' 
of FIG. 4 showing the interconnecting Structure manufac 
tured using a dual damascene method; 
0017 FIG. 6 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a third embodiment of the present invention; 

0018 FIG. 7 is a sectional view taken along the line C-C 
of FIG. 6 showing the interconnecting Structure manufac 
tured using a dual damascene method; 

0019 FIG. 8 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a fourth embodiment of the present invention; 

0020 FIG. 9 is a sectional view taken along the line D-D' 
of FIG. 8 showing the interconnecting structure manufac 
tured using a dual damascene method; 
0021 FIG. 10 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a fifth embodiment of the present invention; 

0022 FIG. 11 is a sectional view taken along the line 
E-E' of FIG. 10 showing the interconnecting structure 
manufactured using a dual damascene method; 
0023 FIG. 12 is a schematic top view for illustrating an 
interconnecting Structure in a conventional Semiconductor 
device; and 
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0024 FIG. 13 is a sectional view taken along the line 
F-F" of FIG. 12 showing the interconnecting structure 
manufactured using a dual damascene method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.025 In the following, principles and embodiments of 
the present invention will be described with reference to the 
accompanying drawings. The members and Steps that are 
common to Some of the drawings are given the same 
reference numerals and redundant descriptions therefore 
may be omitted. 

0026. First Embodiment 
0.027 First, an interconnecting structure will be 
described. 

0028 FIG. 1 is a schematic top view for illustrating an 
interconnecting structure in a Semiconductor device accord 
ing to a first embodiment of the present invention. FIGS. 2A 
and 2B are sectional views taken along the line A-A of FIG. 
1 showing the interconnecting Structure manufactured using 
a dual damascene method. 

0029 Next, the interconnecting structure will be 
described referring to FIG. 1 and FIG. 2A. 

0030. An HDP oxide film as an interlayer dielectric film 
2 is formed on a Substrate 1. Here, the Substrate 1 is, for 
example, a P-type Silicon wafer having a resistivity of 10 
S2 cm. A p-SiC film is formed as a stopper film 11 on the 
HDP oxide film 2, and a p-SiOC film is formed as a low-k 
dielectric film 12 on the p-SiC film 11. First wirings (M1) 15 
are formed in the p-SiC film 11 and the p-SiOC film 12, and 
first dummy wirings (M1 D) 15a are formed on the periph 
eries of the first wirings 15. The first dummy wirings 15a 
have a dimension of, for example, 1 limx1 um, and are 
formed in a pitch of 2 um. 
0.031) A p-SiC film as a stopper film 21 is formed on the 
p-SiOC film 12, the first wirings 15, and the first dummy 
wirings 15a, and the p-SiOC film as a low-k dielectric film 
22 is formed on the p-SiC film 21. As FIG. 2A shows, a cap 
film 23 is formed on the p-SiOC film 22. The cap film 23 is 
formed to prevent causing ashing damage to the low-k 
dielectric film 22, and is an insulating film of a kind different 
from the low-k dielectric film 22. As described later in detail, 
the cap film 23 may be removed finally by a CMP method 
as FIG. 2B Shows. 

0032) Dual damascene wirings 28 and 29, including vias 
28 connected to first wirings 15 and second wirings 29 
connected to the vias 28, are formed in the cap film 23 the 
p-SiOC film 22 and the p-SiC film 21. 

0033. On the peripheries of an isolated dual damascene 
wirings 28 and 29, dummy vias 28a not connected to any 
wirings, and Second dummy wiringS 29a are formed. The 
dummy Vias 28a have a dimension of, for example, 0.15 um, 
and are formed in a pitch of 0.5 lum. The second dummy 
wiringS 29a have a dimension of, for example, 1 limx1 um, 
and are formed in a pitch of 2 um. 

0034) Next, a method for manufacturing the above-de 
Scribed interconnecting Structure using a dual damascene 
method will be described. 
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0035 FIGS. 3A to 3F are sectional process diagrams for 
illustrating the method for manufacturing the interconnect 
ing structure shown in FIG. 2A. 
0036 First a trench (not shown) of a depth, for example, 
of 300 nm is formed in a substrate 1 using an STI (shallow 
trench isolation) method. 
0037 Next, an oxide film 2 (hereafter referred to as “HDP 
oxide film”) of a thickness of 1,000 nm is formed on the 
substrate 1 using the HDP-CVD method, and the HDP oxide 
film 2 is polished by 300 nm using a CMP method. Next, a 
p-SiC film 11 of a thickness, for example, of 50 nm is formed 
on the HDP oxide film 2 using a CVD method. Then, a 
p-SiOC film 12 of a thickness, for example, of 400 nm is 
formed thereon using a CVD method, and the p-SiOC film 
12 is polished by 150 nm using a CMP method. Further 
more, a chemically amplified resist pattern (hereafter 
referred simply to as “resist pattern”) 13 for forming first 
wirings and first dummy wirings is formed. Thereby, a 
structure as shown in FIG. 3A is obtained. 

0038) Next, as FIG. 3B shows, first wirings 15 and first 
dummy wirings 15a are formed in the p-SiOC film 12 and 
the p-SiC film 11 using a damascene method. Specifically, 
openings 14 and 14a are formed in the p-SiOC film 12 and 
the p-SiC film 11 by dry etching using the resist pattern 13. 
Then in these-openings 14 and 14a, barrier metals, for 
example, Ta/TaN films of each thickness of 10 nm/10 nm are 
formed, and a Cu Seed layer of a thickness of, for example, 
100 nm is deposited on the barrier metal using Sputtering, 
and Cu of a thickness of 500 nm is deposited using plating. 
Thereafter, unnecessary Cu and barrier metal is removed 
using a CMP method. 
0039) Next, as FIG. 3C shows, a p-SiC film 21 of a 
thickness, for example, of 50 nm is formed using a CVD 
method, a p-SiOC film 22 of a thickness, for example, of 600 
nm is formed thereon using a CVD method, and the p-SiOC 
film 22 is polished by 200 nm using a CMP method. Then 
a cap film 23 of a thickness, for example, of 50 nm to 200 
nm is formed on the p-SiOC film 22 using a CVD method. 
Furthermore, a resist pattern 24 for forming Vias/dummy 
vias is formed on the cap film 23. 
0040. Next, as FIG. 3D shows, a via hole (connecting 
hole) 25 reaching the surface of the stopper film 21 is formed 
in the cap film 23 and the p-SiOC film 22 by dry etching 
using the resist pattern 24 as a mask, and dummy via holes 
25a are formed on the periphery of an isolated via hole 25. 
0041) Next, as FIG. 3E shows, the stopper film 21 is 
subjected to dry etching to extend the via hole 25 and 
connect the via hole 25 to the first wiring 15. Then a resist 
pattern 26 is formed on the cap film 23 including the inside 
of the dummy via holes 25a. Thereby, resist vias, which are 
dummy via holes 25a filled with the resist are formed. 
0042 Next, openings (trenches for wirings) 27 and 27a 
are formed in the cap film 23 and the p-SiOC film 22 by dry 
etching using the resist pattern 26 as a mask. Then, a barrier 
metal (Ta/TaN=10 nm/10 nm) is formed in the openings 27 
and 27a, a Cu seed layer of a thickness of 100 nm is 
deposited on the barrier metal using Sputtering, and Cu of a 
thickness of 500 nm is deposited using plating. Thereafter, 
unnecessary Cu and barrier metal is removed using a CMP 
method. Thereby, the structure as shown in FIG. 3F is 
obtained. In other words, dual damascene wirings 28 and 29, 
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including Vias 28 connected to first wiringS 15 and Second 
wirings 29 connected to the via 28, are formed. Furthermore, 
dummy Vias 28a are formed on the periphery of the isolated 
via 28, and second dummy wirings 29a are formed on the 
periphery of the second wiring 29. 

0.043 Alternatively, the cap film 23 may be removed 
when Cu and the barrier metal is subjected to CMP. In other 
words, as FIG. 2B shows, the presence of the cap film 23 is 
optional in the final interconnecting structure (The same 
applies to Embodiments 2 to 5 described later). Even when 
the cap film 23 is removed, the equivalent device charac 
teristics as in the case where the cap film 23 remains (FIG. 
2A) can be obtained. 
0044) In the first embodiment, as described above, 
dummy Vias 28a are formed on the periphery of an isolated 
via 28 in the p-SiOC film 22, which is a low-k dielectric film. 
Thereby, the present inventors found that the occurrence of 
resist poisoning could be prevented when the isolated via 28 
was formed in the low-k dielectric film 22. 

0.045. In addition, since density difference between iso 
lated Vias and dense Vias due to the proximity effect is 
inhibited, the dimensional controllability of Vias 28 is 
improved. 

0046. In the first embodiment, since the opening ratio of 
Vias is high, the endpoint of etching for forming via holes 25 
and 25a can be detected stably. Thereby, the via holes 
passing through the underlying films, or defective openings 
can be prevented, and a wide proceSS margin can be Secured. 

0047 Also, since the formation of dummy Vias makes the 
occupation ratio of Vias to the pattern uniform, the occur 
rence of erosion and dishing during polishing Vias (plugs) 
can be prevented. 

0.048. In the first embodiment, although the case wherein 
the dimension of dummy vias is 0.15 um is described, the 
above-described effects can be obtained as long as the 
dimension of dummy vias is 1 to 10 times the minimum 
dimension of the via 28. Also, the pitch of dummy vias is not 
limited to 0.5 tim, but may be optional if the occupation ratio 
of Vias to the pattern is constant within a range between 
0.5% and 30%. The shape of the dummy vias is not limited 
to the shape having a Square opening croSS Section as shown 
in FIG. 1, but the above-described effects can also be 
obtained from cylindrical shapes, or Slit shapes having 
rectangular opening cross Sections (The same applies to 
second to fifth embodiments described later.). 
0049. Although p-SiOC films are used as low-k dielectric 
films 12 and 22, the present invention is not limited thereto, 
but any low-k dielectric films can be applied as long as 
dielectric constant of the low-k dielectric film is 3 or less. 
Furthermore, ultra-low-k dielectric films, Such as porous 
films, can also be applied. Also, although p-SiC films are 
used as stopper films 11 and 21, p-SiN films can also be 
used, and laminated films of p-SiC films and p-SiN films can 
also be used. Furthermore, the Stopper film is not necessarily 
required if a Sufficient Selection ratio to underlying films can 
be secured. Although W or Cu are used as the material for 
the Vias (plugs), other conductive materials, Such as TaN, 
TiN, Ta and Ti, or the laminate thereof can also be used (The 
Same applies to Second to fifth embodiments described 
later.). 
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0050 Second Embodiment 
0051 FIG. 4 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a second embodiment of the present invention. FIG. 
5 is a sectional view taken along the line B-B' of FIG. 4 
showing the interconnecting Structure manufactured using a 
dual damascene method. 

0052 Although dummy Vias 28a not connected to the 
first and second wirings 15 and 29 are disposed on the 
periphery of the isolated via 28 in the first embodiment, 
dummy vias 28b connected to the first wirings 15 are 
disposed on the periphery of the isolated via 28 in the second 
embodiment. 

0053. Therefore, according to the second embodiment, 
the equivalent effects as the effects obtained in the first 
embodiment can be obtained. 

0054 Furthermore, in the second embodiment, the use of 
the dual damascene method can reduce the StreSS migration 
of first and Second wiringS 15 and 29 having large wiring 
width. 

0055. In the second embodiment, although the dummy 
vias 28b are connected only to the first wirings 15, the 
dummy Vias may be connected only to the Second wirings 
29, and the mixture of these dummy vias may be present on 
the periphery of the isolated via 28. 
0056. Third Embodiment 
0057 FIG. 6 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a third embodiment of the present invention. FIG. 7 
is a sectional view taken along the line C-C of FIG. 6 
showing the interconnecting Structure manufactured using a 
dual damascene method. 

0058 Although dummy Vias 28a not connected to the 
first and second wirings 15 and 29 are disposed on the 
periphery of the isolated via 28 in the first embodiment, 
dummy Vias 28c connected to both the first dummy wirings 
15a and the second dummy wirings 29a are disposed on the 
periphery of the isolated via 28 in the third embodiment. 
0059. Therefore, according to the third embodiment, the 
equivalent effects as the effects obtained in the first embodi 
ment can be obtained. 

0060 Also, increase of via resistance and defective wir 
ings due to StreSS migration can be inhibited Substantially 
without increasing the circuit capacity. 

0061 Furthermore, in the third embodiment, the use of 
the dual damascene method can reduce the StreSS migration 
of first and Second wiringS 15 and 29 having large wiring 
width. 

0062) Fourth Embodiment 
0063 FIG. 8 is a schematic top view for illustrating an 
interconnecting Structure in a Semiconductor device accord 
ing to a fourth embodiment of the present invention. FIG. 9 
is a sectional view taken along the line D-D' of FIG. 8 
showing the interconnecting Structure manufactured using a 
dual damascene method. 

0064. As FIGS. 8 and 9 show, in an interconnecting 
Structure according to the fourth embodiment, dummy ViaS 
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28a connected to neither first wirings 15 nor second wirings 
29, dummy Vias 28b connected to first wirings 15, and 
dummy vias 28c connected to both first dummy wirings 15a 
and Second dummy wiringS 29a are disposed on the periph 
ery of the isolated via 28. In other words, all of dummy vias 
28a, 28b, and 28c in the first to third embodiments are 
applied. 

0065. Therefore, according to the fourth embodiment, the 
equivalent effects as the effects obtained in the first embodi 
ment can be obtained. The fourth embodiment is Suitable for 
the reduction of StreSS migration particularly when wirings 
15 and 29 having large wiring width are formed. 
0.066 Fifth Embodiment 
0067 FIG. 10 is a schematic top view for illustrating an 
interconnecting structure in a Semiconductor device accord 
ing to a fifth embodiment of the present invention. FIG. 11 
is a sectional view taken along the line E-E' of FIG. 10 
showing the interconnecting Structure manufactured using a 
dual damascene method. 

0068. In the above-described third embodiment, first and 
Second dummy wiringS 15a and 29a of a size of 1 limx1 um 
are formed on the peripheries of first and Second wiringS 15 
and 29, and the wirings 15a and 29a are connected with 
dummy vias 28c. 
0069. In the fifth embodiment, as FIGS. 10 and 11 show, 

first dummy wiringS 15b including line patterns of a line 
width of 0.5 um are formed in a pitch of 2 um on the 
periphery of the first wirings 15. Furthermore, second 
dummy wirings 29b including line patterns of a line width 
of 0.5 um are formed in a pitch of 2 um on the periphery of 
the first wiringS 15 So as to interSect the first dummy wirings 
15b. In addition, dummy vias 28d are disposed on the 
intersections of the first dummy wirings 15b and the second 
dummy wirings 29b. Thereby, the potential of the dummy 
pattern, including the first and Second dummy wiringS 15b 
and 29b and the dummy vias 28d, was equalized. Further 
more, at least one of the first and Second dummy wiringS 15b 
and 29b and the dummy vias 28d was connected to the 
ground potential. 

0070. In the above-described embodiment 5, the first 
dummy wirings 15b and second dummy wirings 29b are 
disposed in a lattice pattern, and dummy Vias 28d are 
disposed on the interSections thereof. According to the fifth 
embodiment, Since dummy Vias 28d are disposed on the 
periphery of the isolated via 28, the equivalent effects as the 
effects obtained in the first embodiment can be obtained. 
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0071. Furthermore, in the fifth embodiment, dummy pat 
terns 15b, 28d and 29b, having the same potential through 
the dummy Vias 28d, are connected to a ground potential at 
optional locations. Since circuit patterns 15, 28, and 29 are 
shielded by these dummy patterns 15b, 28d and 29b, the 
malfunction of the circuit patterns due to external noise can 
be inhibited. Therefore, an interconnecting Structure having 
a high margin against external noise, and the manufacturing 
method thereof can be obtained. 

0072 Further, the present invention is not limited to these 
embodiments, but variations and modifications may be made 
without departing from the Scope of the present invention. 
0073. The entire disclosure of Japanese Patent Applica 
tion No. 2003-292166 filed on Aug. 2, 2003 containing 
Specification, claims, drawings and Summary are incorpo 
rated herein by reference in its entirety. 

1. An interconnecting Structure comprising: 
first wirings on a Substrate; 
a low-k dielectric film on the first wirings, the low-k 

dielectric film having a dielectric constant not exceed 
ing 3; 

vias in the low-k dielectric film and connected to the first 
Wiring, 

Second wirings on the Vias and connected to the Vias, and 
dummy Vias on the periphery of an isolated via of the Vias. 
2. The interconnecting Structure according to claim 1, 

further comprising a cap film on the low-k dielectric film, 
wherein the Second wirings are in the cap film and the low-k 
dielectric film. 

3. The interconnecting Structure according to claim 1, 
further comprising: 

first dummy wirings on the periphery of the first wirings, 
and 

Second dummy wirings on the periphery of the Second 
wirings, wherein the dummy Vias is connected to the 
first and Second dummy wirings, and one of the first 
and Second dummy wirings connected to the dummy 
Vias are connected to ground potential. 

4. The interconnecting Structure according to claim 1, 
wherein the dummy Vias have a slit shape. 

5. The interconnecting Structure according to claim 1, 
wherein the dummy vias have a dimension 1 to 10 times a 
minimum dimension of the Vias. 

k k k k k 


