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SEMICONDUCTOR DEVICE HAVING MULTI-
LAYERED WIRING

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2001-157193, filed May 25, 2001, the entire contents of
which are mcorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor device
having a multi-layered wiring structure.

2. Description of the Related Art

In recent semiconductor technology, an interlayer insulat-
ing film must be made of a low dielectric constant film. In
general, the low dielectric constant film has a low film den-
sity and 1s permeable to water. Even 1f a very small amount
of water, which has a relative dielectric constant k as large as
80 (a maximum value), 1s contained 1n the low dielectric
constant film, the dielectric constant of the low dielectric
constant film 1nevitably increases. In order to ensure eflec-
tive use of the low dielectric constant film, therefore, 1t 1s
necessary to prevent water or moisture from entering the low
dielectric constant film.

FIG. 12 1s a plan view showing a semiconductor device
according to the first example of the prior art, and FI1G. 13 1s
a sectional view taken along line XIII—XIII 1n FIG. 12.

As shown m FIGS. 12 and 13, a gate electrode 72 1s
formed on a semiconductor substrate 71. A BPSG (Boron
Phosphorous Silicate Glass) film 73 1s formed 1n such a man-
ner as to cover the gate electrode 72. A contact plug 75 1s
formed inside the BPSG film 73. A first wiring layer 74 1s
formed on the BPSG film 73 in such a manner that the first
wiring layer 74 1s connected to the contact plug 75. A TEOS
(Tetra Ethyl Ortho Silicate)-S10,, {ilm 76 1s formed 1n such a
manner as to cover the first wiring layer 74, and this TEOS-
S10,, 1s overlaid with a second wiring layer 77. The second
wiring layer 77 1s connected to the first wiring layer 74 by
way of a via 78. A passivation film 84, which 1s made up of a
PSG film 79 and an SiN film 80, 1s formed 1n such a manner
as to cover the second wiring layer 77. A via ring 81, which
1s made by the first and second wiring layers 74 and 77, the
contact plug 735 and the via 78, 1s formed along the periphery
of a chip 70. The via ring 81 1s intended to prevent cracks at
the time of scribing.

In the structure of the first example of the prior art, the
passivation film 84 1s not a single-layer film. It 1s a laminated
film made up of the PSG film 79 (or another type of S10,
film) and the SiN film 80 formed on the PSG film 79. This
laminated structure serves to suppress the total stress of the
film. The structure of the first example of the prior art raises
a problem 1f an opening 1s formed 1n the passivation film 84
to provide a pad window. If such an opening 1s formed, the
PSG film 79 1s exposed 1n the wall surface of the opening.
Since the exposed portion of the PSG film 79 undesirably
serves as an inlet of moisture, 1t 1s hard to prevent the water
or moisture from entering the chip.

In the process of forming the contact plug 75 and the
wiring layers 74 and 77 by use of an Al material, the via ring
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81 serves to prevent water from entering the chip from the
side portions of the chip. This advantage cannot be expected
if the contact plug 75 1s formed of W.

FIG. 14 1s a plan view showing a semiconductor device
according to the second example of the prior art. FIG. 15A 1s
a sectional view taken along line XVA—XVA 1n FIG. 14,

and FIG. 15B 1s a sectional view taken along line XVB—
XVB 1n FIG. 14.

As can be seen from FIGS. 14 and 15A, 1n the case where
the contact plug 82 1s formed of W, the contact plug 82 easily
separate from the semiconductor substrate 71. To prevent the
contact plug 82 from separating from the substrate 71, a plug
such as the via ring 81 of FIG. 13 1s not easy to form.
Although columnar contact plugs 82 can be formed instead
as shown in FIG. 15B, gaps 83 are inevitably produced
between the contact plugs 82. Since the multi-layered wiring
structure cannot be completely covered, it 1s hard to prevent
water from entering the chip 70 from the side portions of the
chip.

As described above, the prior art 1s not effective in com-
pletely protecting the chip from moisture, which may enter
the chip from the top, bottom or side portions thereof. In
other words, the prior art does not enable effective utilization
of the characteristics of a low dielectric constant film.

BRIEF SUMMARY OF THE INVENTION

A semiconductor device according to one aspect of the
invention comprises a first insulating film; a first wiring
layer formed in the first insulating film; a second insulating
f1lm formed above the first wiring layer and the first insulat-
ing film, the second 1nsulating film including a low dielectric
constant film; a second wiring layer formed 1n the second
insulating film and coupled to the first wiring layer through a
first connection section; and a third mnsulating film formed
above the second wiring layer and the second nsulating film
and serving as one of an interlayer insulating film and a
passivation film, and at least one of the first and third msulat-
ing films being one of a film formed mainly of S10N, a film
formed mainly of SiN, and a laminated film being the films
formed mainly of S1ON or S1N respectively.

A semiconductor device according to another aspect of
the invention comprises a first mnsulating film; a first wiring
layer formed above the first insulating film; a second 1nsulat-
ing film formed above the first wiring layer and the first
insulating film, the second insulating film including a low
dielectric constant film; a second wiring layer formed 1n the
second insulating film and coupled to the first wiring layer
through a first connection section; and a third insulating film
formed above the second wiring layer and the second 1nsu-
lating film and serving as one of an interlayer mnsulating film
and a passivation film, and at least one of the first and third
insulating films being one of a film formed mainly of S1ON,
a film formed mainly of SiN, and a laminated film being the
films formed mainly of S1ION or SiN respectively.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

r

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, i1llustrate presently
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the mvention.

FIG. 1 1s a plan view showing a semiconductor device
according to one embodiment of the present invention.
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FIG. 2 1s a sectional view of the semiconductor device,
which 1s taken along line II—II 1n FIG. 1.

FIG. 3 illustrates the second embodiment of the present
invention and 1s a sectional view showing a semiconductor
device wherein an S10ON film 1s used as an 1nterlayer insulat-
ing {ilm located at a high level.

FIG. 4 1llustrates the second embodiment of the present
invention and 1s a sectional view showing a semiconductor
device wherein a TEOS film 1s used as an interlayer insulat-
ing film located at a high level.

FIG. 5 illustrates the third embodiment of the present
invention and 1s a sectional view showing a semiconductor
device wherein an S1ON film 1s used as a low dielectric
constant {ilm located at a low level.

FIG. 6 illustrates the third embodiment of the present
invention and 1s a sectional view showing a semiconductor
device wherein an S1ON film 1s used as a low dielectric

constant film located at a high level.

FIG. 7 1s a sectional view showing a semiconductor
device which has a structure similar to that shown 1n FIG. 3

and employs an S10ON {ilm as an interlayer insulating film
located at a high level.

FIG. 8 1s a sectional view showing a semiconductor
device which has a structure similar to that shown in FIG. 6
and employs an S1ON {ilm as an interlayer insulating film
located at a high level.

FIG. 9 1s a sectional view showing a semiconductor
device which has a structure similar to that shown 1n FIG. 5
and employs a TEOS film as an interlayer insulating film
located at a high level.

FIG. 10 1s a sectional view showing a semiconductor
device which has a structure similar to that shown 1n FIG. 6

and employs a TEOS film as an interlayer msulating film
located at a high level.

FIG. 11 1s a sectional view showing a semiconductor
device according to the fourth embodiment of the present
invention.

FIG. 12 1s a plan view showing a semiconductor accord-
ing to the first example of the prior art.

FIG. 13 1s a sectional view of the semiconductor device,
which 1s taken along line XIII—XIII in FIG. 12.

FIG. 14 1s a plan view showing a semiconductor accord-
ing to the second example of the prior art.

FIG. 15A 1s a sectional view of the semiconductor device,
which 1s taken along line XVA—XVA 1n FIG. 14.

FIG. 15B 1s a sectional view of the semiconductor device,
which 1s taken along line XVB—XVB 1n FIG. 14.

DETAILED DESCRIPTION OF THE INVENTION

The present invention 1s directed to a multi-layered wiring
structure wherein an interlayer insulating film 1s made of a
low dielectric constant film whose specific dielectric con-
stant k 1s not more than 3. The low dielectric constant film 1s
tormed of polymethyl siloxane, hydrogen silsesquioxane, an
organic material having a low dielectric constant (e.g. an
aromatic hydrocarbon polymer), or the like.

Embodiments of the present invention will now be
described with reference to the accompanying drawings. In
the descriptions below, the same reference numerals will be
used to denote corresponding or similar structural elements.
| First Embodiment |

The first embodiment 1s featured 1n that a high-level inter-
layer insulating film, which 1s a low dielectric constant film,
and the layers between the lowermost wiring layers, are
made of a film with low water absorption and water perme-

ability.
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The “film with low water absorption and water permeabil-
1ity”” used herein 1s a film that lower than a TEOS (Tetra Ethyl
Ortho Silicate)-S10, film and a USG (Undoped Silicate
Glass) film. The TEOS-S10, film 1s an insulating film
formed 1n the PECVD (Plasma Enhanced Chemical Vapor
Deposition) process that uses a TEOS gas (which has been
used 1n the conventional semiconductor device manufacture
process) as a raw material. The USG film 1s formed by use of
S1H, and O, gases.

FIG. 1 1s a plan view showing a semiconductor according,

to the first embodiment of the present invention. FIG. 2 1s a
sectional view of the semiconductor device, which 1s taken

along line II-—II 1n FIG. 1.

As shown 1 FIG. 1, a via ring 30 1s formed along the
periphery of a chip 10. The via ring 30 surrounds the device
area of the chip 10.

As shown 1 FIG. 2, a gate electrode 12 1s formed on a
semiconductor substrate 11. A BPSG (Boron Phosphorous
Silicate Glass) film 13 1s formed 1n such a manner as to cover
the gate electrode 12, and a TEOS-S10,, film 14 1s formed on
the BPSG film 13. A contact plug 15, which 1s made of W, 1s
formed 1n the TEOS-S10, film 14 and BPSG film 13. An
S10N film 16, which has a thickness of 150 nm, for example,
1s formed on the TEOS-S10, film 14. A first wiring layer 17,
made of Cu or Al, 1s formed inside the S1ON film 16. The
first wiring layer 17 1s connected to the contact plug 15.

The first wiring layer 17 and the S1ON film 16 are overlaid
with a diffusion preventing film 18 having a thickness of 70
nm, for example. This diffusion preventing film 18 1s formed
of any one of SiN, S1C, S1OC and S1CN. The diffusion pre-
venting film 18 1s overlaid with a first low dielectric constant
film 19. A second wiring layer 20, made of Cu or Al, 1s
formed 1nside the first low dielectric constant film 19, and 1s
connected to the first wiring layer 17 through a first via 21. A
diffusion preventing film 22 having a thickness of 70 nm, for
example, and formed of any one of SiN, SiC, S10C and
S1CN 1s formed on both the second wiring layer 20 and the
first low dielectric constant film 19. The diffusion preventing
f1lm 22 1s overlaid with a second low dielectric constant film
23. A third wiring layer 24, made of Cu or Al, 1s formed
inside the second low dielectric constant film 23, and is con-
nected to the second wiring layer 20 through a second via 25.
A diffusion preventing film 26 having a thickness of 70 nm,
for example, and formed of any one of SiN, S1C, S10C and
S1CN 1s formed on both the third wiring layer 24 and the
second low dielectric constant film 23. The diffusion pre-
venting film 26 1s overlaid with a third low dielectric con-
stant film 27. A fourth wiring layer 28, made of Cu or Al, 1s
formed 1nside the third low dielectric constant film 27, and 1s
connected to the third wiring layer 24 through a third via 29.
In this manner, the via ring 30 formed along the periphery of
the chip 10 has a continuous groove defined by the vias 21,
25 and 29 and wiring layers 17, 20, 24, 28.

A diffusion preventing film 31 having a thickness of 70
nm, for example, and formed of any one of SiN, S1C, S10C
and S1CN 1s formed on both the fourth wiring layer 28 and
the third low dielectric constant film 27. An S1ON {ilm 32
having a thickness of 150 nm, for example, 1s formed on the
diffusion preventing film 31. The S1ON film 32 1s then over-
laid with an SiN film 33 having a thickness of 400 nm, for
example. The S1ON film 32 and the SiN film 33 serve as a
passivation {ilm 34. The diffusion preventing film 31, the
S10N {ilm 32 and the SiN film 33 are selectively removed to
form a pad window 35. The fourth wiring layer 28, the sur-
face of which 1s exposed by the formation of the pad window
35, serves as a pad electrode 36.

In the multi-layered semiconductor device provided with
low dielectric constant films 19, 23 and 27, the passivation
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film 34 1s located 1n the uppermost layer of the chip 10, and
the via ring 30 formed around the chip 10 and located 1n the
neighborhood of the passivation film 34. In addition, the
S10N film 16 adjacent to the via ring 30 15 located between

the first wiring layers 17. Furthermore, the passivation film
34 includes the S1ON film 32.

Each of the S1ON films 16 and 32 may be replaced with an
S1N film or a laminated film made up of an S1ON film and an
SiIN film. The S1ON and the SiN films can be formed, for
example, 1n the method described below.

The S10N film 1s formed 1n the PECVD process, using
(S1H,+N,O), (SiH_ +N,O+N,), (S1H_ +O,+N,) or (SiH_ +
O,+NH,;) as a raw material gas. The SiON film can be
formed, using another kind of raw maternial gas, as long as
the raw material gas contains S1, O or N.

Likewise, the SiN film 1s formed 1n the PECVD process,
using (SiH_ +N,) or (S1iH,+NH,) as a raw material gas. The
SIN film can be formed, using another kind of raw material

gas, as long as the raw material gas contains S1 or N.
The S1ON film and the SiN film may contain hydrogen

components.
The S1ON films 16 and 32 desirably have a thickness of

not less than 100 nm, since the S1ON films 16 and 32 having
such thickness are effective i preventing moisture from
entering the 1nterior.

In many cases, the first wiring layer 17 1s used as a local
wiring layer (1.¢., a wiring layer used for connection within a
cell). Even 11 the region between the first wiring layers has
only a high capacitance, this does not significantly atfect the
performance of the device. For this reason, a film having a
remarkable water blocking effect, like an S1ON {ilm, can be
provided in the region between the first wing layers.

The first embodiment described above employs a S1ON
film 32 of a passivation film 34 located in the uppermost
layer of the chip 10, and a via ring 30 located on the side of
the chip 10. In addition to these, the first embodiment
employs an S1ON film 16 1n the region between the first
wiring layers. With this structure, all routes through which
moisture may enter the chip 10 can be blocked; 1n other
words, moisture entry from above the chip, moisture entry
from below the chip, and moisture entry from the side por-
tions of the chip are prevented. Hence, the low dielectric
constant films are protected from moisture, and their dielec-
tric constants do not undesirably increase. Accordingly, the
first embodiment can provide a semiconductor device that
makes good use of the characteristics of the low dielectric
constant films.

The S10N film and the SiN films 16 and 32 can be easily
obtained since the materials of these films have been used 1n
conventional semiconductor processes.

In the structure shown 1n FIG. 2, the pad window 35 may
be filled with Al, thereby forming a pad. In this case as well,
the adoption of the present invention 1s eflective 1n prevent-
ing moisture from entering the interior of the chip 10.
| Second Embodiment]

The second embodiment 1s featured in that a high-level
interlayer insulating film 1s made of a film with low water
absorption and water permeability.

FIG. 3 1s a sectional view showing a semiconductor
device according to the second embodiment of the present
invention. As shown in FIG. 3, the semiconductor device of
the second embodiment 1s similar to that of the first embodi-
ment 1n that 1t comprises: a passivation {ilm 34 formed in the
uppermost layer of the chip 10; a via ring 30 formed along
the periphery of the chip 10 and located close to the passiva-
tion film 34; and an S1iON film 16 formed between the first
wiring layers 17 and located adjacent to the via ring 30. In
addition, the passivation film 34 is partly made of an S1ON
film 32.
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The semiconductor device of the second embodiment dif-
fers from that of the first embodiment 1n light of the structure
ol high-level wiring layers. To be more specific, the upper
two wiring layers 45 and 46 are used mainly as a power
supply line and a grounding line. For this reason, the upper
two interlayer insulating films 41a and 42a are not low
dielectric constant films but films with low water absorption
and water permeability. Specifically, they are films formed
mainly of S1ON, films formed mainly of SiN, or laminated
films including these. In this manner, according to the sec-
ond embodiment, the interlayer mnsulating films 19 and 23
made of a low dielectric constant film, are surrounded by the
following: a passivation film 34; high-level mterlayer insu-
lating films 41a and 42a; a via ring 30 which is defined by
continuous groove-like vias 21, 25, 29 and 44 and wiring
layers 17, 20, 24, 28 and 43; and an interlayer insulating film
16 located between the first wiring layers 17.

With the second embodiment, 1t 1s possible to obtain
advantages which are similar to those of the first embodi-
ment.

Moreover, three films 41a, 42a and 32 with low water
absorption and water permeability are formed above the low
dielectric constant films 19 and 23. This structure 1s effective
in preventing moisture from entering the interior of the chip
10 from above.

As shown 1 FIG. 4, the upper two interlayer insulating
films 41b and 42b may be S10 films, such as TEOS films
formed 1n the PECVD process or USG films.
| Third Embodiment]

The third embodiment 1s featured 1n that at least one of
high-and low-level interlayer insulating films made of low
dielectric constant films, 1s made of a film with low water
absorption and water permeability.

FIGS. 5 and 6 are sectional views of a semiconductor
device according to the third embodiment of the present
invention. As shown in these Figures, the semiconductor
device of the third embodiment 1s similar to that of the first
embodiment in that it comprises: a passivation film 34
formed 1n the uppermost layer of the chip 10; and a via ring
30 formed along the periphery of the chip 10 and located
close to the passivation film 34. The semiconductor device
of the third embodiment differs from that of the first embodi-
ment 1n that either the interlayer insulating film located
between the first wiring layers 17 or part of the passivation
film 34 1s made of a film with low water absorption and
water permeability. More specifically, erther the interlayer
insulating film or part of the passivation film 1s a film formed
mainly of S1ON, a film formed mainly of SiN, or a laminated
f1lm 1ncluding these.

In the structure shown 1n FIG. 5, the interlayer insulating,
f1lm located between the first wiring layers 17 1s made of an
S10N film 16, and part of the passivation film 34 1s made of a
TEOS film 51. On the other hand, in the structure shown 1n
FIG. 6, the interlayer insulating film located between the
first wiring layers 17 1s made of a TEOS film 52, and part of
the passivation film 34 1s made of an S1ON film 32.

The third embodiment described above employs a via ring,
30 located on the side of the chip 10, and an S1ON film 32
formed 1n the uppermost layer of the chip 10 (alternatively,
an S10ON film 16 located between the first wiring layers 17).
With this structure, moisture entry from above the chip,
moisture entry from below the chip, and moisture entry from
the side portions of the chip are prevented. Hence, the low
dielectric constant films are protected from moisture, and
their dielectric constants do not undesirably increase.
Accordingly, the third embodiment can provide a semicon-
ductor device that makes good use of the characteristics of
the low dielectric constant films.
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[ike the second embodiment, the third embodiment i1s
applicable to the case where the upper two wiring layers 43
and 46 are used as a power supply line and a grounding line.

As shown 1n FIGS. 7 and 8, either the interlayer insulating
f1lm located between the first wiring layers 17 or part of the
passivation film 34 may be made of a film with low water
absorption and water permeability. More specifically, either
the interlayer insulating film or part of the passivation film
may be a film formed mainly of S10N, a film formed mainly
of SiN, or a laminated film including these. In addition, the

upper two interlayer mnsulating films 41a and 42a may be
S10N films.

With this structure shown in FIG. 7, all routes through
which moisture may enter the chip 10 can be blocked. That
1s, moisture entry from above the chip 10, moisture entry
from below the chip 10, and moisture entry from the side
portions of the chip 10 are prevented. The structure shown in
FIG. 8 1s particularly effective 1n preventing moisture from
entering the chip 10 from above.

As shown in FIGS. 9 and 10, either the interlayer insulat-
ing film located between the first wiring layers 17 or part of
the passivation film 34 may be made of a film with low water
absorption and water permeability. More specifically, either
the interlayer insulating film or part of the passivation film
may be a film formed mainly of S10N, a film formed mainly
of SiN, or a laminated film including these. In addition, the
upper two 1interlayer insulating films 41a and 42a may be
S10 films, such as TEOS films formed 1n the PECVD pro-
cess or USG films.

The structure shown 1n FIG. 9 employs three thick TEOS
films 41b, 42b and 51, a via ring 30 and an SiON film 16.
Hence, all routes through which moisture may enter the chip
10 can be blocked. That 1s, moisture entry from above the
chuip 10, moisture entry from below the chip 10, and mois-
ture entry from the side portions of the chip 10 are pre-
vented. On the other hand, the structure shown in FIG. 10
employs TEOS films 41b and 42b and an S1ON film 32
which are located above the low dielectric constant films 19
and 23. This structure 1s particularly effective 1n preventing
moisture from entering the chip 10 from above.
| Fourth Embodiment]

The fourth embodiment 1s featured i1n that a high-level
interlayer msulating film made of a low dielectric constant
film and the film lower 1n level than the lowermost wiring
layer, are films with low water absorption and water perme-
ability.

FIG. 11 1s a sectional view of a semiconductor device
according to the fourth embodiment of the present invention.
As shown 1n FIG. 11, the semiconductor device of the fourth
embodiment 1s similar to that of the first embodiment 1n that
it comprises: a passivation {ilm 34 formed in the uppermost
layer of the chip 10; and a via ring 30 formed along the
periphery of the chip 10 and located close to the passivation
film 34. In addition, part of the passivation film 34 1s made of
an S10ON film 32.

The semiconductor device of the fourth embodiment dif-
ters from that of the first embodiment 1n that the first wiring
layer 17 1s formed on an S1ON film 61 having a thickness of
150 nm, for example. In other words, according to the fourth
embodiment, the passivation film 34, the via ring 30 and the
S10N film 61 (on which the first wiring layer 17 1s formed)
surround the interlayer insulating films 19, 23, 27 and 62
made of low dielectric constant films.

In the structure shown in FIG. 11, a BPSG film 13 1s
formed on the semiconductor substrate 11, and an S1ON film
61 1s formed on that BPSG film 13. However, this 1n no way
restrict the present invention. For example, the S1ON film 61
may be formed directly on the semiconductor substrate 11.
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The low dielectric constant films 19 and 62 and the diffu-
sion preventing film 18 may be replaced with a single-layer
interlayer msulating film. In this case, the first wiring layer
17 1s first formed, and the interlayer insulating film 1s formed
on both the first wiring layer 17 and the S1ON film 61. A
second wiring layer 20 and a first via 21 of a damascene
structure are formed inside the interlayer insulating film. The
second wiring layer 20 1s connected to the first wiring layer
17 through the first via 21.

With the fourth embodiment, 1t 1s possible to obtain
advantages which are similar to those of the first embodi-
ment.

The fourth embodiment described above can be combined
with the first to third embodiments, 11 so desired.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the 1nvention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor device comprising:

a substrate;
a first msulating film;

a first wiring layer formed 1n the first insulating film;

a second insulating film formed above the first wiring
layer and the first insulating film, the second insulating
f1lm including a low dielectric constant film whose spe-
cific dielectric constant 1s not more than 3;

a second wiring layer formed in the second insulating
film, wherein a part of the second wiring layer 1s
embedded 1in the low dielectric constant film, and
coupled to the first wiring layer through a first connec-
tion section; and

a third mnsulating film formed above the second wiring
layer and the second insulating film and serving as one
of an iterlayer msulating film and a passivation film,
the third mnsulating film covering the second wiring
layer, and at least one of the first and third insulating
films being one of: a film consisting essentially of
S10N, a film consisting essentially of SiN, and a lami-
nated film being the films consisting essentially of
S10N or S1N, respectively,

wherein the first wiring laver is physically connected to
the substrate through a contact plug, and

the thivd insulating layer is formed above a diffusion pre-
venting film.
2. A semiconductor device comprising:

a first insulating film;

a first wiring layer formed above the first insulating film;

a second insulating film formed above the first wiring
layer and the first insulating film, the second 1nsulating,
f1lm including a low dielectric constant film whose spe-
cific dielectric constant 1s no more than 3;

a second wiring layer formed in the second insulating
film, wherein a part of the second wiring layer 1s
embedded 1n the low dielectric constant film, and
coupled to the first wiring layer through a first connec-
tion section; and

a third insulating film formed above the second wiring
layer and the second 1nsulating film and serving as one
of an imterlayer msulating film and a passivation film,
the third insulating film covering the second wiring
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layer, and at least one of the first and third nsulating
films being one of: a film consisting essentially of
S10N, a film consisting essentially of SiN, and a lami-
nated film including the films consisting essentially of
S10N or SiN, respectively.

3. A semiconductor device according to claim 1, further
comprising;

a fourth msulating film mterposed between the second and
third msulating films and serving as an interlayer insu-
lating film; and

a third wiring layer formed 1n the fourth insulating film
and coupled to the second wiring layer through a sec-
ond connection section, said fourth insulating film
including one of a film consisting essentially of S1ON, a
f1lm consisting essentially of S1N, and a film consisting
essentially of S10.

4. A semiconductor device according to claim 2, further

comprising;

a fourth msulating film mterposed between the second and
third 1nsulating films and serving as an interlayer insu-
lating film; and

a third wiring layer formed 1n the fourth insulating film
and coupled to the second wiring layer through a sec-
ond connection section, said fourth insulating film
including one of a film consisting essentially of S1ON, a
film consisting essentially of SiN, and a film consisting
essentially of S10.

5. A semiconductor device according to claim 1, wherein
cach of the film consisting essentially of SiON, the film
consisting essentially of SiN, and the laminated film being
the films consisting essentially of S1ON or SiN respectively
has a thickness of not less than 100 nm.

6. A semiconductor device according to claim 2, wherein
cach of the film consisting essentially of S10N, the film
consisting essentially of SiN, and the laminated film being
the films consisting essentially of S1ON or SiN respectively
has a thickness of not less than 100 nm.

7. A semiconductor device according to claim 3, wherein
cach of the film consisting essentially of S10N, the film
consisting essentially of SiN, and the laminated film being
the films consisting essentially of SION or SiN respectively
has a thickness of not less than 100 nm.

8. A semiconductor device according to claim 4, wherein
cach of the film consisting essentially of SiON, the film
consisting essentially of SiN, and the laminated film being
the films consisting essentially of S1ON or SiN respectively
has a thickness of not less than 100 nm.

9. A semiconductor device according to claim 1, wherein
said first wiring layer 1s a local wiring layer.

10. A semiconductor device according to claim 2, wherein
said first wiring layer 1s a local wiring layer.

11. A semiconductor device according to claim 3, wherein
said third wiring layer 1s one of a power supply line and a
grounding line.

12. A semiconductor device according to claim 4, wherein
said third wiring layer 1s one of a power supply line and a
grounding line.

13. A semiconductor device according to claim 1, wherein
said first and second wiring layers and said first connection
section form of a via-ring structure.

14. A semiconductor device according to claim 2, wherein
said first and second wiring layers and said first connection
section form of a via-ring structure.

15. A semiconductor device according to claim 13,
wherein the first and second wiring layers, which are part of
the via-ring structure, are located close or adjacent to the
first and third msulating films, respectively.
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16. A semiconductor device according to claim 14,
wherein the first and second wiring layers, which are part of
the via-ring structure, are located close or adjacent to the

first and third 1insulating films, respectively.

17. A semiconductor device according to claim 3, wherein
said first, second and third wiring layers and said first and
second connection sections form of a via-ring structure.

18. A semiconductor device according to claim 4, wherein
said first, second and third wiring layers and said first and
second connection sections form of a via-ring structure.

19. A semiconductor device according to claim 17,
wherein the first and third wiring layers, which are part of
the via-ring structure, are located close or adjacent to the
first and third msulating films, respectively.

20. A semiconductor device according to claim 18,
wherein the first and third wiring layers, which are part of
the via-ring structure, are located close or adjacent to the
first and third msulating films, respectively.

21. The semiconductor accovding to claim 1, comprising:

a fourth insulating layer formed between said first and
second insulating lavers, said fourth insulating layer
including a plurality of low dielectric constant films
whose specific dielectric constant is not movre than 3,
said plurality of low dielectric constant films being
respectively formed on diffusion preventing films; and

a plurality of third wiring layers formed in said fourth
insulating laver and connected to said first and second
wiring layers, said plurality of third wiring layers being
respectively formed in said plurality of low dielectric
constant films.

22. The semiconductor device according to claim 21,
wherein said second and fourth insulating layers have sub-
stantially the same thickness.

23. The semiconductor device according to claim 21,
wherein:

said low dielectric constant films in said second and

Jourth insulating lavers have substantially the same
thickness; and

said diffusion preventing films in said second and fourth

insulating layers have substantially the same thickness.

24. The semiconductor device accorvding to claim 21,
wherein.:

said diffusion preventing films in said second and fourth
insulating lavers arve formed divectly on said low
dielectric constant film in said fourth insulating layer;
and

said diffusion preventing films in said second and thivd

insulating lavers ave formed divectly on said low

dielectric constant film in said second insulating layer.

25. The semiconductor device accorvding to claim 21,
wherein:

said first insulating layer comprises Si and N; and

each of said diffusion preventing films in said second,
thivd and fourth insulating lavers comprises one of SiN,
SiC, SiOC and SiCN.

26. The semiconductor device according to claim 21,
wherein.

said fourth insulating layer comprises at least two layers
each containing Si and N.
27. The semiconductor device according to claim 21,
wherein said first, second and third wiring layers form a
via-ring structure.
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28. The semiconductor device according to claim 27,

wherein said contact plug, said first wirving layer, said
second wiring layer, said third wiring laver, said first
insulating laver, and said thivd insulating layver sur-
round said second insulating layver and said fourth
insulating layer.

29. The semiconductor device according to claim 21,

wherein.

an upper surface of said second wiring layer and an upper
surface of said low dielectric constant film in said sec-
ond insulating layer arve substantially coplanar; and

an upper surface of said thivd wiring layer and an upper
surface of said low dielectric constant film in said
Jourth insulating layer are substantially coplanar.
30. The semiconductor device according to claim 1, com-
prising:
a connection member formed in said third insulating layer

and connected to said second wiring layer.
31. The semiconductor device according to claim 1,

wherein said first and second wiring lavers form a via-ring 20

Structiire.
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32. The semiconductor device according to claim 31,

wherein said first wiring layer, said second wiring layer,
said first insulating laver, and said third insulating
layver surround said second insulating layer.
33. The semiconductor device according to claim 1, com-
prising:
an opening formed in said thivd insulating laver on a

portion of said second wiring layer.
34. The semiconductor device according to claim 33,
wherein said portion of said second wiring layer serves as a

pad electrode.
35. The semiconductor device according to claim 1,

wherein said first and thivd insulating films include a film
with low water absorption and water permeability.
36. The semiconductor device according to claim 1,

wherein said diffusion preventing film in said third insulat-
ing laver has a thickness of about 70 nm.



	Front Page
	Drawings
	Specification
	Claims

