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(57) ABSTRACT

A plurality of metal wires are formed on an underlying inter-
layer insulating film. Areas among the metal wires are filled
with a buried nsulating film of a silicon oxide film with a
small dielectric constant (1.e., a first dielectric film), and
thus, a parasitic capacitance of the metal wires can be
decreased. On the buried insulating film, a passivation film
of a silicon nitride film with high moisture absorption resis-
tance (1.e., a second dielectric film) 1s formed, and thus, a
coverage defect can be avoided. A bonding pad 1s buried 1n
an opening formed in a part of a surface protecting film
including the buried insulating film and the passivation film,
so as not to expose the buried isulating film within the
opening. Thus, moisture absorption through the opening can
be prevented. In this manner, the invention provides a semi-
conductor device which has a small parasitic capacitance 1n
an area with a small pitch between the metal wires and 1s free
from a coverage defect as well as the moisture absorption
through the opening for the bonding pad, and a method of
manufacturing the semiconductor device.

34 Claims, 21 Drawing Sheets
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SEMICONDUCTOR INTERCONNECT
FORMED OVER AN INSULATION AND
HAVING MOISTURE RESISTANT MATERIAL

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.

[This is a divisional of application Ser. No. 08/925,442,
filed Sep. 8, 1997.] More than one reissue application has
been filed for the reissue of U.S. Pat. No. 6,232,656. The
reissue applications are application numbers Ser. No.
11/984,551 (the present application) and Ser. No. 10/438,
348 (now RE.39,932). Reissue application Ser. No. 11/984,
551 is a continuation reissue application of veissue applica-
tion Ser. No. 10/438,348 filed May 15, 2003, now U.S. Pat.
No. RE. 39,932, which is a reissue application of 09/387,
834, filed Sep. 1, 1999, now U.S. Pat. No. 6,232,656, which is
a divisional application of 05/925,442, filed Sep. §, 1997,
now U.S. Pat. No. 5,989 992,

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor device
having a metal wire layer and a passivation film 1n the upper-
most layer and a method of manufacturing the semiconduc-
tor device. More particularly, 1t relates to improvement in the
structures ol a bonding pad and a surface protecting film.

In accordance with recent refinement of a semiconductor
device, there are increasing demands for a semiconductor
device having a multilayer wiring structure for increasing a
density of each chip and increasing an operation speed. Now,
an example of a conventional semiconductor device having
the multilayer wiring structure will be described.

FIG. 18 is a sectional view for illustrating the structure in
the vicinity of the uppermost wires of the conventional semi-
conductor device. In FIG. 18, a semiconductor substrate and
clements such as a transistor disposed thereon are omitted.
Also, a semiconductor substrate generally bears interlayer
insulating films and metal wires 1n several layers, but these
clements are also omitted 1n FIG. 18, so as to show merely
uppermost metal wires 12, an interlayer nsulating film 11
formed under the metal wires 12 and elements formed on
them.

As 1s shown 1n FIG. 18, on the underlying interlayer insu-
lating film 11 are formed the uppermost metal wires 12 by
stacking a 'T1 film and the like, and a surface protecting film
21 1s formed so as to cover the underlying interlayer insulat-
ing film 11 and the metal wires 12. In this case, the surface
protecting film 21 1s a multilayer film including an underlay-
ing insulating film 19 of a thin silicon film and a passivation
film 14 of a silicon nitride film. Furthermore, a bonding pad
15 formed out of the same metal film as the metal wires 12 1s
provided. The surface protecting film 21 1s provided with an
opening 21a of several tens um square, so that external elec-
trical connection can be generally attained through the bond-
ing pad 15 exposed within the opening 21a.

FIGS. 19(a) and 19(b) are sectional views for showing
manufacturing procedures for the conventional semiconduc-
tor device. First, as 1s shown 1n FIG. 19(a), the metal wires
12 and the bonding pad 135 are formed on the underlaying
interlayer isulating film 11. Then, as 1s shown in FIG.
19(b), the underlying insulating film 19 and the passivation
film 14 are successively deposited on the interlayer isulat-
ing film 11 and the metal wires 12. Thereaftter, the underly-
ing nsulating film 19 and the passivation film 14 are
patterned, so as to form the opening 21a as 1s shown 1n FIG.
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18. Thus, the structure of the semiconductor device as shown
in FIG. 18 can be obtained.

Such a conventional structure of the semiconductor device
has, however, the following problems: The silicon nitride
film for forming the passivation film 14 in the uppermost
layer 1s required to be deposited under conditions of a tem-

perature lower than the melting point of the metal film.
Therefore, 1t 1s necessary to adopt CVD in plasma atmo-
sphere or the like, which 1s poor in the step coverage, and
hence, 1t 1s difficult to attain a good burying characteristic in
an area with a small pitch between the wires. As a result, a
coverage defect 1s caused particularly 1n a concave step por-
tion as 1s shown 1n FIG. 20(a), and hence, a defect 1n reliabil-
ity due to moisture absorption can be disadvantageously eas-
1ly caused. On the other hand, another problem occurs when
merely the passivation film 14 of the silicon nitride film with
a large dielectric constant 1s formed on the substrate without
forming the underlying insulating film so as to improve the
moisture absorption resistance as 1s shown 1n FIG. 20(b). In
this case, 1n accordance with the refinement of elements, an
insulating film with a large dielectric constant 1s filled 1n the
area between the metal wires with a small pitch. Therefore, a
parasitic capacity between the wires 1s 1ncreased in the
uppermost layer, resulting 1n disadvantageously increasing a
wiring delay.

In addition, as 1s shown in FIG. 21, moisture absorption
through the underlying insulating film 19 exposed within the
opening 21a on the bonding pad 15 can cause a similar prob-
lem.

Such a problem owing to the moisture absorption can be
more and more serious 1n a semiconductor device of the next
generation, in which a silicon oxide film doped with fluorine
and an organic SOG film having a small dielectric constant
and high moisture absorption resistance are to be introduced
in stead of the silicon nitride film as the passivation film so
as to suppress the increase of a parasitic capacitance.

SUMMARY OF THE INVENTION

The present mvention was devised 1n view of the afore-
mentioned conventional problems. The object 1s providing a
semiconductor device having high integration, high reliabil-
ity and high performance and a method of manufacturing the
semiconductor device, by decreasing a parasitic capacitance
between metal wires with a small pitch 1n a metal wire layer,
by preventing a coverage defect in depositing a silicon
nitride film used as a passivation film, and by suppressing
moisture absorption through an opening for forming a bond-
ing pad.

The semiconductor device of this mvention comprises a
semiconductor substrate bearing semiconductor elements;
an 1nterlayer insulating film formed on the semiconductor
substrate; a metal wire layer including plural metal wires
formed on the interlayer insulating {ilm; a surface protecting
film 1including a first dielectric film with a small dielectric
constant for filling at least a part of areas among the metal
wires 1in the metal wire layer and a second dielectric film
with a higher moisture absorption preventing function than
the first dielectric film for covering the metal wire layer and
the first dielectric film; an opening for a bonding pad formed
in the surface protecting film; and a bonding pad formed 1n
the opening for obtaining external electrical connection,
wherein the bonding pad and the second dielectric film of the
surface protecting film completely cover the first dielectric
{1lm within the opening so as not to expose the first dielectric

film.

Owing to this structure, the following effects can be
attained: Since the area between the metal wires ot the metal
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wire layer 1s filled with the first dielectric film with a small
dielectric constant, the parasitic capacitance of the metal
wires can be decreased. Furthermore, since the first dielec-
tric film within the opening 1s covered with the bonding pad
and the second dielectric film so as not to expose the first
dielectric film, the moisture absorption through the opening
can be prevented.

The first dielectric film preferably 1s burnied, among the
arcas among the metal wires, at least 1n an area having a
mimmum pitch between the metal wires.

Thus, the area with a small pitch 1n the metal wire layer
can be filled with the first dielectric film with a small dielec-
tric constant, and hence, the parasitic capacitance of the
metal wires can be decreased. Moreover, since the first
dielectric film with a small dielectric constant has good
coverage, a coverage defect 1n the area with a small pitch 1n
the metal wire layer can be avoided.

In one aspect, the first dielectric film can be formed on the
interlayer insulating film and the metal wires, and the second
dielectric film can be formed over the first dielectric film; the
opening can be formed through the first and second dielec-
tric films, with exposing a part of at least one of the metal
wires of the metal wire layer; and the bonding pad can be
buried in the opening so as to cover a side face of the first
dielectric film within the opening and can be connected with
the at least one of the metal wires.

In another aspect, the bonding pad can extend above a top
surface of the second dielectric film.

Also 1 these aspects, the aforementioned effects can be
exhibited.

In one aspect, the bonding pad can have an area larger
than a connecting portion with the at least one of the metal
wires, and can extend above a top surface of the second
dielectric film to reach a portion above the semiconductor
clements on the semiconductor substrate.

As a result, the itegration of the semiconductor device
can be improved.

In one aspect, the bonding pad can be buried in the open-
ing with a top surface thereof placed at a level lower than a
top surface of the second dielectric film and higher than a top
surface of the first dielectric film.

As a result, the bonding pad can be formed 1n a seli-
alignment manner, and hence, the manufacturing cost can be
decreased as a result of simplification of the manufacturing
procedures.

In one aspect, a third dielectric film for preventing mois-
ture absorption can be disposed between the first dielectric
film and any of the interlayer insulating film and the metal
WIres.

Thus, a further higher moisture absorption preventing
function can be attained.

In one aspect, the first dielectric film can be formed
merely 1n the areas among the metal wires; the second
dielectric film can be formed to be 1n contact with a top
surface of the first dielectric film and top surfaces of the
metal wires of the metal wire layer; the opening can be
formed through merely the second dielectric film; and a part
of at least one of the metal wires can function as the bonding
pad.

In another aspect, the first and second dielectric films can
be formed merely 1n the areas among the metal wires, and a
part of at least one of the metal wires of the metal wire layer
can function as the bonding pad.

In still another aspect, a thin etching stopper film with
high etching selectivity against the interlayer imnsulating film
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can be disposed between the first dielectric film and the
interlayer msulating film.

In these aspects, there 1s no need to provide a metal {ilm
for forming the bonding pad on the metal wire layer, and
hence, the manufacturing cost can be decreased as a result of
simplification of the structure and the manufacturing proce-
dures.

In one aspect a third dielectric film for preventing mois-
ture absorption can be disposed between the first dielectric
f1lm and any of the interlayer insulating film, the metal wires
and the second dielectric film.

-

T'he third dielectric film 1s preferably made from a silicon
nitride film.

The first dielectric film 1s preferably made from at least
one oxide film selected from the group consisting of a silicon
oxide film, a silicon oxide film doped with fluorine and a
porous silicon oxide film, or a composite film including an
organic insulating film and at least one oxide film selected
from the group consisting of a silicon oxide film, a silicon
oxide film doped with fluorine and a porous silicon oxide

film.

The first dielectric film preferably has a dielectric constant
of 3.9 or less.

The second dielectric film 1s preferably made from a sili-
con nitride film.

The first method of manufacturing a semiconductor
device of this mnvention comprises a first step of forming a
metal wire layer including plural metal wires on an inter-
layer insulating film on a semiconductor substrate bearing
semiconductor elements; a second step of forming a surface
protecting film including a first dielectric film with a small
dielectric constant and a second dielectric film with a higher
moisture absorption preventing function than the first dielec-
tric film by filling at least a part of areas among the metal
wires of the metal wire layer with the first dielectric film and
by depositing the second dielectric film on the first dielectric
f1lm; a third step of forming an opening through the surface
protecting film so as to expose a part of at least one of the
metal wires of the metal wire layer; and a fourth step of
forming a bonding pad of a metal film connected with the at
least one of the metal wires by filling the opening so as to
cover at least the first dielectric film exposed to side faces of
the opening.

In one aspect, 1n the second step, among the areas among,
the metal wires, at least an area having a mimmum pitch
between the metal wires can be filled with the first dielectric

film.

Through this method, a semiconductor device which can
exhibit the aforementioned effects can be manutactured.

In one aspect, 1n the fourth step, the bonding pad can be
tformed by depositing the metal film within the opening and
on the second dielectric film and by patterning the metal

film.

In another aspect, 1n the fourth step, the bonding pad can
be formed so as to have an area larger than a connecting
portion with the at least one of the metal wires and extend to
reach a portion above the semiconductor elements on the
semiconductor substrate.

In these aspects, a semiconductor device with particularly
high integration can be manufactured.

In one aspect, in the fourth step, the bonding pad can be
formed 1n a self-alignment manner by depositing the metal
{1lm within the opening and on the second dielectric film and
by removing the metal film until a top surface of the second
dielectric film 1s exposed so that the metal film remains 1n
the opening alone.
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In another aspect, in the fourth step, the bonding pad can
be formed in a self-alignment manner by depositing the
metal film within the opening by selective CVD.

In these aspects, a step of forming a mask for patterning a
metal film for the bonding pad can be omitted, and hence,
the manufacturing cost can be decreased.

In one aspect, prior to the second step, a thin thurd dielec-
tric film for preventing moisture absorption can be deposited
so as to cover the interlayer msulating film and the metal
wires, and 1n the third step, the opening can be formed also
through a part of the third dielectric film.

Thus, a semiconductor device with particularly high
moisture absorption resistance can be manufactured. In
addition, since the third dielectric film with high moisture
absorption resistance generally has high etching selectivity
against a silicon oxide film used as the interlayer insulating
film, the manufacturing procedures can be effected without
harmiully affecting the interlayer insulating film.

The second method of manufacturing a semiconductor
device of this invention comprises a first step of forming a
metal wire layer including plural metal wires on an inter-
layer mnsulating film on a semiconductor substrate bearing
semiconductor elements; a second step of depositing a first
dielectric film with a small dielectric constant on the inter-
layer insulating film and the metal wires and removing the
first dielectric film until a top surface of the metal wire layer
1s exposed so that the first dielectric film remains merely 1n
arcas among the metal wires; a third step of depositing a
second dielectric film with a higher moisture absorption pre-
venting function than the first dielectric film on the first
dielectric film and the metal wires; and a fourth step of form-
ing an opening through the second dielectric film so as to
expose a part of at least one of the metal wires of the metal
wire layer, wherein a part of the at least one of the metal
wires functions as a bonding pad.

In one aspect, the method can further comprises, after the
first step and prior to the second step, a step of forming a thin
third dielectric film for preventing moisture absorption so as
to cover the interlayer insulating film and the metal wires,
and in the fourth step, the opening can be formed also
through the third dielectric film.

The third method of manufacturing a semiconductor
device of this invention comprises a first step of forming, on
an 1nterlayer msulating film on a semiconductor substrate
bearing semiconductor elements, an etching stopper film
with high etching selectivity against the interlayer insulating
f1lm; a second step of depositing a first dielectric film with a
small dielectric constant on the etching stopper film; a third
step of forming plural grooves for burying metal wires by
selectively removing a part of the first dielectric film; a
fourth step of forming a metal wire layer including plural
metal wires 1n the grooves by depositing a metal film within
the grooves and on the first dielectric film and by removing,
the metal film until a top surface of the first dielectric film 1s
exposed; a fifth step of depositing a second dielectric film a
with higher moisture absorption preventing function than the
first dielectric film on the first dielectric film and the metal
wires; and a sixth step of forming an opening for exposing a
part of at least one of metal wires of the metal wire layer by
selectively removing a part of the second dielectric film,
wherein a part of the at least one of the metal wires functions
as a bonding pad.

The fourth method of manufacturing a semiconductor
device of this imnvention comprises a first step of forming, on
an 1nterlayer msulating film on a semiconductor substrate
bearing semiconductor elements, an etching stopper film
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with high etching selectivity against the interlayer insulating
f1lm; a second step of depositing a first dielectric film with a
small dielectric constant on the etching stopper film; a third
step of depositing a second dielectric film with a higher
moisture absorption preventing function than the first dielec-
tric film on the first dielectric film; a fourth step of forming
plural grooves for burying metal wires by selectively remov-
ing a part of the first and second dielectric films; and a fifth
step of forming a metal wire layer including plural metal
wires 1n the grooves by depositing a metal film within the
grooves and on the dielectric film and by removing the metal
film until a top surface of the second dielectric film 1s
exposed, wherein a part of at least one of the metal wires
functions as a bonding pad.

In the second through fourth methods, a step of forming a
metal film for the bonding pad apart from the metal wire
layer and a step of patterning the metal film can be omatted,
resulting in largely decreasing the manufacturing cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view of a semiconductor device
according to a first embodiment;

FIGS. 2(a) through 2(d) are sectional views for illustrating
manufacturing procedures for the semiconductor device of
the first embodiment;

FIG. 3 1s a sectional view of a semiconductor device
according to a second embodiment;

FIGS. 4(a) through 4(d) are sectional views for illustrating
manufacturing procedures for the semiconductor device of
the second embodiment;

FIG. 5 1s a sectional view of a semiconductor device
according to a third embodiment;

FIGS. 6(a) through 6(d) are sectional views for 1llustrating
manufacturing procedures for the semiconductor device of
the third embodiment;

FIG. 7 1s a sectional view of a semiconductor device
according to a modification of the third embodiment;

FIG. 8 1s a sectional view of a semiconductor device
according to a fourth embodiment;

FIGS. 9(a) through 9(e) are sectional views for illustrating
manufacturing procedures for the semiconductor device of

the fourth embodiment;

FIG. 10 1s a sectional view of a semiconductor device
according to a fifth embodiment;

FIGS. 11(a) through 11(c) are sectional views for 1llustrat-
ing manufacturing procedures for the semiconductor device
of the fifth embodiment;

FIG. 12 1s a sectional view of a semiconductor device
according to a sixth embodiment;

FIGS. 13(a) through 13(a) are sectional views for 1llustrat-
ing manufacturing procedures for the semiconductor device
of the sixth embodiment;

FIG. 14 1s a sectional view of a semiconductor device
according to a seventh embodiment;

FIGS. 15(a) through 15(c) are sectional views for 1llustrat-
ing manufacturing procedures for the semiconductor device
of the seventh embodiment;

FIG. 16 1s a sectional view of a semiconductor device
according to an eighth embodiment;

FIGS. 17(a) through 17(c) are sectional views for 1llustrat-
ing manufacturing procedures for the semiconductor device
of the eighth embodiment;

FIG. 18 1s a sectional view for showing the structure of a
conventional semiconductor device;
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FIGS. 19(a) and 19(b) are sectional views for 1llustrating
manufacturing procedures for the conventional semiconduc-
tor device;

FIGS. 20(a) and 20(b) are sectional views of detailed
structures 1n areas among metal wires with a small pitch for
illustrating problems of the conventional semiconductor
device; and

FIG. 21 1s a sectional view of a detailed structure in the
vicinity of a bonding pad for illustrating another problem of
the conventional semiconductor device.

DETAILED DESCRIPTION OF THE INVENTION

Embodiment 1

A first embodiment of the invention will now be
described. FIG. 1 15 a sectional view for showing the struc-
ture of a semiconductor device according to the first
embodiment, whereas a semiconductor substrate and other
clements such as a transistor disposed thereon are omitted 1n
FIG. 1. Furthermore, a semiconductor substrate generally
bears interlayer insulating films and metal wires in several
layers, but these elements are also omitted 1n the drawings
illustrating this embodiment and all other embodiments
described below because these elements have no relation to
the characteristics of the present invention. Accordingly,
merely uppermost metal wires 12, an interlayer msulating
film 11 formed under the metal wires 12 and elements
formed on them are shown 1n FIG. 1.

As 1s shown 1n FIG. 1, on the underlying interlayer insu-
lating film 11 1s formed a metal wire layer including a plural-
ity of metal wires 12, which are formed by stacking and then
patterning a 11 {ilm and the like. Furthermore, a surface pro-
tecting film 20 1s formed so as to cover the interlayer msulat-
ing {ilm 11 and the metal wires 12. The surface protecting
film 20 1s a composite film including a buried msulating film
13 of an insulating film with a small dielectric constant (such
as a TEOS film) and a passivation film 14 of an insulating
film with a large dielectric constant and high moisture
absorption resistance (such as a silicon nitride film). In areas
among the metal wires 12 directly below the surface protect-
ing film 20, the buried insulating film 13 with a small dielec-
tric constant 1s formed at least 1n an area with the smallest
wire pitch. Also, a bonding pad 15 is buried 1in an opening
20a of the surface protecting film 20 of the composite film,
so as to be connected with the metal wire 12. Also, the bond-
ing pad 15 completely covers the side faces of the buried
insulating film 13 with a small dielectric constant within the
opening 20a and 1s drawn above the passivation film 14.

At this point, the bonding pad 15 1s formed so as to be
exposed above the passivation film 14, and hence 1s prefer-
ably formed out of not an easily oxidized metal such as Cu
but an electrode material mainly including an Al or Au type
alloy.

Now, manufacturing procedures for the semiconductor
device of FIG. 1 will be described with reference to FIGS.

2(a) through 2(d).

First, as 1s shown in FIG. 2(a), the interlayer insulating,
film 11 1s formed on the substrate already bearing other
elements, and the metal wires 12 are formed thereon. At this
point, the iterlayer insulating film 11 1s formed out of a
TEOS film (with a dielectric constant of approximately 3.5)
deposited by the CVD 1n the plasma atmosphere. The sur-
face of the mterlayer mnsulating film 11 1s flattened by chemi-
cal mechanical polishing (CMP) or the like. Furthermore,
the metal wires 12 are formed by stacking and then pattern-
ing a T1type barrier metal with a thickness of approximately
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100 nm, an Al type alloy film with a thickness of approxi-
mately 1000 nm and a Ti1 type anti-retlective film with a

thickness of approximately 50 nm.

Then, as 1s shown 1n FIG. 2(b), the buried insulating film
13 with a small dielectric constant and the passivation {ilm
14 with a large dielectric constant and high moisture absorp-
tion resistance are successively deposited, thereby forming
the surface protecting film 20 of the composite film 1nclud-
ing these films. At this point, the buried insulating film 13
with a small dielectric constant 1s formed out of a TEOS film
(with a dielectric constant of approximately 3.5) deposited
by the CVD 1n the plasma atmosphere. The passivation film
14 1s formed out of a silicon nitride film (with a dielectric
constant of approximately 7.5) deposited by the CVD 1n the
plasma atmosphere. The TEOS film has a thickness of 800
nm and the silicon nitride film has a thickness of 100 nm. At
this point, merely the buried msulating film 13 with a small
dielectric constant 1s buried 1n at least a part of the areas
among the metal wires 12, and more preferably at least an
area with the minimum wire pitch.

At this point, before depositing the silicon nitride film as
the passivation film 14, the surface of the buried nsulating
film 13 1s preferably flattened over the entire surface of the
semiconductor substrate by the CMP or the like as 1s shown
in FIG. 2(b). In such a case, the TEOS film 1s previously
deposited 1n a thickness of approximately 1500 nm, and this
TEOS film 1s polished by approximately 700 nm, so that the
resultant TEOS film has a thickness of 800 nm. In this
manner, the fine area between the metal wires 12 can be
filled with the buried mnsulating film 13 with a small dielec-
tric constant. Thus, there 1s no need to consider a coverage
defect at a step portion of the passivation film 14 formed
thereon, and there 1s no fear of occurrence of a pin hole and a
crack and local stress increase. As a result, the thickness of
the passivation film 14 can be set at a necessary minimum
value.

Subsequently, as 1s shown 1n FIG. 2(c), the opening 20a 1s
formed 1n an area for forming the bonding pad in the surface
protecting film 20 including the films 13 and 14.
Furthermore, as 1s shown in FIG. 2(d), a metal film 15x 1s
deposited so as to {ill the opening 20a of the surface protect-
ing film 20 and extend over the passivation film 14. At this
point, the metal film 15x can be formed by stacking a T1 type
barrier metal with a thickness of approximately 100 nm, an
Al type alloy film with a thickness of approximately 1000
nm, and a T1 type anti-reflective film with a thickness of
approximately 50 nm.

Procedures thereafter are herein omitted, and the metal
f1lm 15x of FIG. 2(d) 1s patterned, so as to form the bonding
pad 15 as 1s shown in FIG. 1. Thus, the structure of the
semiconductor device of the first embodiment can be
obtained.

The types and the thicknesses of the films used as the
respective elements described above are merely given as
examples, and i1t goes without saying that other compositions
are applicable.

In the procedure for forming the metal film 15x 1n the area
for forming the bonding pad 15 in this embodiment, the
opening 20a having substantially the same area as the bond-
ing pad 15 1s formed on the metal wire 12 below.

In this embodiment, at least the area with a small pitch
among the areas among the metal wires 12 1s filled with the
dielectric film (buried mnsulating film 13) with a small dielec-
tric constant. Accordingly, a parasitic capacitance of the
wires can be decreased. Also, since the silicon nitride film
used as the passivation film 14 1s deposited on the underlying
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thick mterlayer msulating film 11, a coverage defect can be
avoilded. Moreover, 1n order to suppress moisture absorption
through exposed portions of the passivation film 14 and the
buried insulating film 13 therebelow within the opening 20a
for the bonding pad 15, the exposed portions are completely
covered with the bonding pad 15. Thus, the resultant semi-
conductor device can exhibit high reliability and high perfor-
mance.

Embodiment 2

A second embodiment of the invention will now be
described. FIG. 3 15 a sectional view for showing the struc-
ture of a semiconductor device of the second embodiment.

The semiconductor device of this embodiment 1s different
from the semiconductor device of the first embodiment
shown 1n FIG. 1 as follows: In the semiconductor device of
this embodiment, an area of a bonding pad 15 extending
above a passivation {ilm 14 1s remarkably larger than an area
of an opening 20a formed 1n a surface protecting film 20 and
an area of a wire connected with the bonding pad 15. In other
words, the area occupied by metal wires 12 1s smaller 1n this
semiconductor device.

Accordingly, the bonding pad 15, which 1s provided 1n the
same layer as the uppermost wires (1.¢., the metal wires 12)
in the first embodiment, 1s provided in a different layer (1.e.;
on the surface protecting film) in this embodiment, and
hence, this embodiment can not only attain the same effects
attained by the first embodiment but also decrease the area of
input/output portions, which occupy a large area in a chip,
and can improve the freedom 1n design. Thus, the integration
ol the semiconductor device can be improved.

FIGS. 4(a) through 4(d) are sectional views for showing
manufacturing procedures for the semiconductor device of
the second embodiment. The manufacturing procedures of
this embodiment are basically the same as those shown in
FIGS. 2(a) through Z(d) except for the following points: In
the procedure shown 1n FIG. 4(a), the area of one of the
metal wires 12 connected with the bonding pad 15 1s smaller
than the area of the bonding pad 15; the opening 20a formed
in the surface protecting film 20 in the procedure shown 1n
FIG. 4(c) has a much smaller area than the area for forming
the bonding pad 15; and a metal film 15x deposited for form-
ing the bonding pad 15 in the procedure shown in FIG. 4(d)
has a very large thickness. In other words, through the manu-
facturing procedures of this embodiment, the bonding pad
15 1s formed so as to extend over an area above the semicon-
ductor elements as 1s shown 1n FIG. 3. However, since a
portion of the bonding pad 15 disposed on the passivation
film 14 has a large thickness, the surface protecting film 20
and the like therebelow cannot be harmiully affected by a
pressure applied to the bonding pad 15 in a wire bonding
process and the like.

In this manner, according to the second embodiment, a
semiconductor device with high reliability and high perfor-
mance can be obtained as in the first embodiment. In
addition, since the bonding pad 1s formed so as to extending
over the area above the semiconductor elements, the integra-
tion of the semiconductor device can be further improved.

Embodiment 3

A third embodiment of the invention will now be
described. FIG. 5 1s a sectional view for showing the struc-
ture of a semiconductor device of the third embodiment.

As 1s shown 1n FIG. 5, on an underlying interlayer insulat-
ing film 11 1s formed a metal wire layer including a plurality
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of metal wires 12 formed by stacking and then patterning a
T1 film and the like. Furthermore a surface protecting film 20
1s Tormed so as to cover the interlayer insulating film 11 and
the metal wires 12. The surface protecting film 20 1s a com-
posite film including a burnied mnsulating film 13 of an 1nsu-
lating film with a small dielectric constant (such as a TEOS
f1lm) and a passivation film 14 of an msulating film with a
large dielectric constant and high moisture absorption resis-
tance (such as a silicon nitride film). In areas among the
metal wires 12 directly below the surface protecting film 20,
at least an area having the mimimum wire pitch is filled with
merely the buried insulating film 13 with a small dielectric
constant. Also, a bonding pad 15 1s buried 1n an opening 20a
ol the surface protecting film 20 so as to be connected with
the metal wire 12. The bonding pad 15 covers the entire or at
least a lower part of the side faces of the buried insulating
film 13 with a small dielectric constant within the opening
20a but 1s not drawn above the passivation film 14. This 1s a
difference from the structures of the semiconductor devices
of the first and second embodiments. In other words, the top
surface of the bonding pad 15 1s placed at the same level as

or a lower level than the top surface of the passivation film
14.

At this point, since the bonding pad 135 i1s formed to be
exposed, the bonding pad 15 is preferably formed out of not
an easily oxidized metal such as Cu but an electrode material
mainly including an Al or Au type alloy.

Now, manufacturing procedures for the semiconductor

device of this embodiment will be described with reference
to FIGS. 6(a) through 6(d).

First, as 1s shown 1n FIG. 6(a), the imnterlayer insulating
film 11 1s formed on a substrate already bearing other
elements, and the metal wires 12 are formed thereon. At this
point, the interlayer insulating film 11 1s formed out of a
TEOS film (with a dielectric constant of approximately 3.5)
deposited by the CVD 1n the plasma atmosphere. The sur-
face of the interlayer isulating film 11 1s flattened by the
CMP or the like. The metal wires 12 are formed by stacking
and then patterning a T1 type barrier metal with a thickness
of approximately 100 nm, an Al type alloy film with a thick-
ness of approximately 1000 nm and a Ti1 type anti-retlective
film with a thickness of approximately 50 nm.

Next, as 1s shown 1n FIG. 6(b), the buried insulating film
13 with a small dielectric constant and the passivation {ilm
14 with a large dielectric constant and high moisture absorp-
tion resistance are successively deposited, thereby forming
the surface protecting film 20 of the composite film 1nclud-
ing these films. At this point, the buried insulating film 13
with a small dielectric constant 1s formed out of a TEOS film
(with a dielectric constant of approximately 3.5) deposited
by the CVD 1n the plasma atmosphere. The passivation film
14 1s formed out of a silicon nitride film (with a dielectric
constant of approximately 7.5) deposited by the CVD 1n the
plasma atmosphere. The TEOS film has a thickness of 800
nm and the silicon nitride film has a thickness of 100 nm. At
this point, 1n areas among the metal wires 12, at least an area
with the minimum wire pitch 1s filled with merely the buried
insulating film 13 with a small dielectric constant.

At this point, the surface of the buried msulating film 13 1s
preferably flattened over the entire surface of the semicon-
ductor substrate by the CMP or the like before depositing the
silicon nitride film as 1s shown 1 FIG. 6(b). In this case, the
TEOS film 1s previously deposited in a thickness as large as
approximately 1500 nm, and 1s polished by approximately
700 nm, so that the resultant TEOS film has a thickness of
800 nm. Since the fine area between the metal wires 12 1s
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filled with the buried insulating film 13 with a small dielec-
tric constant 1n this manner, there 1s no need to consider the
coverage defect at a step portion of the passivation film 14
formed thereon, and these 1s no fear of the occurrence of a
pin hole and a crack and the local stress increase. Thus, the

thickness of the passivation {ilm 14 can be set at a necessary
mimmum value.

Subsequently, as 1s shown 1n FIG. 6(c), the opening 20a 1s
formed 1n an area for the bonding pad 15 in the surface
protecting film 20 including the two films 13 and 14.
Furthermore, as 1s shown in FIG. 6(d), a metal film 15x 1s
deposited so as to {ill the opening 20a of the surface protect-
ing film 20 and extend over the passivation film 14. At this
point, the metal film 15x 1s formed by stacking a T1 type
barrier metal with a thickness of approximately 100 nm, an
Al type alloy film with a thickness of approximately 1000
nm and a T1 type anti-reflective film with a thickness of
approximately 50 nm.

Furthermore, the metal film 15x 1s removed by the CMP
or the like until at least the top surface of the passivation film
14 1s exposed, thereby allowing the metal film 15x to remain
within the opening 20a alone without conducting an addi-
tional masking procedure. Thus, the bonding pad 135 can be
formed 1n a self-alignment manner. In this manner, the struc-
ture of the semiconductor device as 1s shown 1n FIGS. 5 or 7
can be obtained.

The manufacturing procedures of this embodiment are
very economical as compared with those of the first embodi-
ment because one masking procedure in the patterning for
forming the bonding pad 15 can be omatted.

In filling the area for the bonding pad 15 with the metal
film 15x, 1n stead of the procedure shown in FIG. 6(d), the
metal film 15x for the bonding pad can be formed by
so-called selective CVD 1n which tungsten or aluminum 1s
selectively deposited on the surface of the metal wire 12
exposed within the opening 20a of the surface protecting
film 20. Also 1n this case, the bonding pad 15 can be formed
in a self-alignment manner, and hence, the same effects
attained by using the CMP can be attained. In adopting the
selective CVD, the thickness of the deposited metal film 15x
can be equal to the thickness of the buried insulating film 13
within the opening 20a for forming the bonding pad 15
(specifically, 800 nm or more 1n this embodiment).

In filling the area for forming the bonding pad 15 with the
metal film 15x 1n this embodiment, the opening 20a having
substantially the same area as the bonding pad 15 1s formed
on the metal wire 12 below. Furthermore, the metal film 15x
completely covers at least the buried 1nsulating film 13 with
a small dielectric constant 1n the composite film of the sur-
face protecting film 20, and the top surface of the bonding
pad 15 1s placed at the same level as the top surface of the
passivation film 14 (as 1s shown 1n the structure of FIG. 5) or
at a lower level than the top surface of the passivation film 14
(as 1s shown 1n the structure of FIG. 7).

As described above, according to this embodiment, a
semiconductor device with high reliability and high perfor-
mance can be obtained as in the first embodiment. In
addition, since the bonding pad 135 can be buried 1n the open-
ing 20a of the surface protecting film 20 1n a self-alignment
manner, one masking process for the patterning can be omit-
ted. This embodiment 1s thus very economaical.

Embodiment 4

A fourth embodiment of the invention will now be
described. FIG. 8 15 a sectional view for showing the struc-
ture of a semiconductor device of the tourth embodiment.
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As 1s shown 1n FIG. 8, on an underlying mterlayer insulat-
ing film 11 1s formed a metal wire layer including a plurality
of metal wires 12 formed by stacking and then patterning a
T1 film and the like. Furthermore, 1n arcas among the metal
wires 12, a burnied mnsulating film 13 of an insulating film
with a small dielectric constant (such as a TEOS film) 1s
formed with an etching stopper film 16 of a silicon nitride
f1lm formed therebelow. In other words, the buried insulating
f1lm 13 1s filled between the metal wires 12. The top surfaces
of the buried insulating film 13 and the metal wires 12 are at
substantially the same level. Moreover, a passivation film 14
of a silicon nitride film with a large dielectric constant and
high moisture absorption resistance 1s formed so as to cover
the buried insulating film 13 and the metal wires 12. The
buried insulating film 13 and the passivation film 14 together
work as a surface protecting {ilm 20, and an opening 20a 1s
formed 1n the passivation film 14 alone 1n the surface pro-
tecting {ilm 20. Thus, the surface of one of the metal wires
12 1s exposed, so that the exposed wire can work as a bond-
ing pad 15.

Now, manufacturing procedures for the semiconductor
device of this embodiment will be described with reference

to FIGS. 9(a) through 9(e).

First, as 1s shown in FIG. 9(a), the interlayer insulating
film 11 1s formed on a substrate already bearing other
clements, the etching stopper film 16 (of, for example, a
s1licon nitride film) 1s deposited thereon, and the buried insu-
lating film 13 with a small dielectric constant i1s further
deposited thereon. At this point, the interlayer insulating film
11 1s formed out of a TEOS film (with a dielectric constant
of approximately 3.35) deposited by the CVD 1n the plasma
atmosphere. The buried insulating film 13 with a small
dielectric constant 1s formed out of a TEOS film (with a
dielectric constant of approximately 3.5) deposited by the
CVD 1n the plasma atmosphere, having a thickness of 600
nm. The thickness of the etching stopper film 16 depends
upon the etching selectivity against the TEOS film used as
the buried msulating film 13. In this embodiment, a silicon
nitride film with a thickness of 30 nm 1s deposited as the
etching stopper film 16 since the etching selectivity 1s herein
20 or more. Furthermore, the underlying interlayer insulat-
ing film 11 1s assumed to be suiliciently flattened, and hence,
the buried insulating film 13 above the interlayer insulating
film 11 1s not particularly flattened.

At this point, a via hole (not shown) for connecting with a
wire 1 a lower layer 1s already formed directly below the
ctching stopper film 16, and the etching stopper film 16 can
be deposited after forming the via hole, or can be deposited
betfore forming the via hole so as to be used also as a stopper
{1lm 1n filling the via hole with a metal.

Next, as 1s shown 1n FIG. 9(b), the buried insulating film
13 1s etched, thereby forming grooves 18 for burying the
metal wires. At this point, the buried insulating film 13 can
be selectively removed by utilizing the selectivity against the
ctching stopper film 16. In the case where the etching stop-
per 1ilm 16 1s formed before forming the via hole as
described above, the top surface of the via hole 1s exposed at
this point. In the case where the etching stopper film 16 1s
formed simultaneously with the deposition of the buried
insulating film 13 after forming the via hole, the etching
stopper 11llm 16 exposed at the bottom of each groove 18 1s
required to be removed for the connection with the via hole
formed directly below as 1s shown 1 FIG. 9(b).

Subsequently, as 1s shown 1n FIG. 9(c), a metal film 12x
for forming the metal wires 1s deposited on the entire surface
of the substrate with the grooves 18 formed. Then, as is
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shown 1n FIG. 9(d), the metal film 12x 1s removed and flat-
tened until the top surface of the buried insulating film 13 1s
exposed by the CMP or the like. Thus, the buried metal wires
12 and the bonding pad 15 are formed. In depositing the
metal film 12x for the metal wires, a T1 type barrier metal
with a thickness of approximately 100 nm and an Al type
alloy film with a thickness of approximately 600 nm are
successively deposited so as to suiliciently fill the groove 18
with a large width.

Then, as 1s shown 1n FIG. 9(e), the passivation film 14
with a large dielectric constant and high moisture absorption
resistance 1s formed on the buried insulating film 13 and the
metal wires 12, and an opening 14a i1s formed in an area for
the bonding pad. Thus, the semiconductor device of the
tourth embodiment having the structure shown 1n FIG. 8 can
be obtained. The passivation film 14 1s formed out of a sili-
con nitride film (with a dielectric constant of approximately

7.5) deposited by the CVD 1n the plasma atmosphere, having
a thickness of 100 nm.

According to this embodiment, since the fine area
between the metal wires 12 1s surrounded by the buried 1nsu-
lating film 13, there 1s no need to consider a coverage defect
at a step portion of the passivation film 14 formed above, and
there 1s no fear of the occurrence of a pin hole and a crack
and the local stress increase. Therefore, the thickness of the
passivation {ilm 14 can be set at a necessary minimum value.
Accordingly, this embodiment can provide a semiconductor
device with high reliability and high performance as the first
embodiment. In addition, this embodiment 1s very useful
because the metal wires 12 and the bonding pad 15 can be
formed 1n one layer alone and the manufacturing method 1s
simple including a smaller number of procedures.

Embodiment 5

A fitth embodiment of the invention will now be

described. FIG. 10 1s a sectional view of a semiconductor
device of the fifth embodiment.

As 1s shown 1n FIG. 10, on an underlying interlayer insu-
lating film 11 1s formed a metal wire layer including a plural-
ity of metal wires 12 formed by stacking and then patterning
a 11 film and the like. In areas among the metal wires 12, a
buried sulating film 13 of an insulating film with a small
dielectric constant (such as a TEOS film) and a passivation
film 14 with a large dielectric constant and high moisture
absorption resistance are formed with an etching stopper
{1lm 16 formed therebelow. The metal wires 12 are buried 1n
the msulating film 13 and the passivation {ilm 14. The buried
insulating film 13 and the passivation film 14 together work
as a surface protecting film 20, 1n which an opening 20a 1s
formed. One metal wire 12 within the opening 20a works as
a bonding pad 15. The top surfaces of the passivation film 14
and the metal wires 12 are placed at substantially the same
level. At this point, the top surfaces of the metal wires 12,
including not only one working as the bonding pad 15 but
also those working as interconnections, are exposed after
forming the surface protecting film 20.

Now, manufacturing procedures for the semiconductor

device of this embodiment will be described with reference
to FIGS. 11(a) through 11(c).

First, the interlayer insulating film 11 1s formed on a sub-
strate already bearing other elements, the etching stopper
film 16 (of, for example, a silicon nltnde film) 1s formed
thereon, and the buried insulating film 13 with a small
dielectric constant and the passivation film 14 with a large
dielectric constant and high moisture absorption resistance
are successively deposited thereon. At this point, the inter-
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layer insulating film 11 1s formed out of a TEOS film (with a
dielectric constant of approximately 3.5) deposited by the

CVD 1n the plasma atmosphere, and the interlayer insulating
f1lm 11 1s flattened by the CMP or the like. Furthermore, the

buried 1sulating film 13 with a small dielectric constant 1s
formed out of a TEOS film (with a dielectric constant of

approximately 3.5) deposited by the CVD 1n the plasma
atmosphere, having a thickness of 500 nm. The passivation
f1lm 14 1s formed out of a silicon nitride film (with a dielec-
tric constant of approximately 7.35) deposited by the CVD 1n
the plasma atmosphere, having a thickness of 100 nm. The
thickness of the etching stopper film 16 depends upon the
ctching selectivity against the TEOS film used as the buried
insulating film 13, and in this embodiment, a silicon nitride
film with a thickness of 30 nm 1s deposited as the etching
stopper film 16 since the etching selectivity 1s herein 20 or
more. Also, the interlayer insulating film 11 1s assumed to be
suificiently flattened, and hence, the buried msulating film
13 1s not particularly flattened.

At this point, a via hole (not shown) for connecting with a
wire 1n a lower layer 1s already formed directly below the
ctching stopper film 16. The etching stopper film 16 can be
deposited after forming the via hole, or can be deposited
betore forming the via hole so as to be used also as a stopper
film 1n filling the via hole with a metal.

Then, as 1s shown in FIG. 11(b), the passivation film 14
and the buried insulating film 13 are etched, thereby forming
grooves 18 for the buried metal wires and the opening 20a
for the bonding pad. At this point, the buried 1nsulating film
13 can be selectively removed by utilizing the etching selec-
tivity against the etching stopper film 16. In the case where
the etching stopper film 16 1s formed before forming the via
hole as described above, the top face of the via hole 1s
exposed at this point. In the case where the etching stopper
film 16 1s formed simultaneously with the deposition of the
buried insulating film 13 after forming the via hole, the etch-
ing stopper 1lm 16 exposed at the bottom of each groove 18
1s required to be removed for connection with the via hole
formed directly below as 1s shown i FIG. 11(b).

Subsequently, as 1s shown 1n FIG. 11(c), a metal film 12x
for the metal wires 1s deposited on the entire surface of the
substrate with the grooves 18 formed. In depositing the
metal film 12x for the metal wires, a 11 type barrier metal
with a thickness of approximately 100 nm and an Al type
alloy film with a thickness of approximately 600 nm are
successively deposited so as to suificiently fill the groove 18
with a large width.

Procedures thereafter are not shown in the drawings, but
the metal film 12x excluding that filled 1n the grooves 18 1s
removed by the CMP or the like, thereby forming the buried
metal wires 12 and the bonding pad 15. In this manner, the
semiconductor device of the fifth embodiment with the
structure as shown 1n FIG. 10 can be obtained.

According to this embodiment, a semiconductor device
with high reliability and high performance can be obtained
as 1n the fourth embodiment. In addition, the metal wires 12
and the bonding pad 15 can be formed 1n one layer alone,
and a procedure for forming the opening on the bonding pad
15 can be advantageously omitted as compared with the
fourth embodiment. Accordingly, the manufacturing method
of this embodiment 1s very simple including a further
smaller number of procedures.

Embodiment 6

A sixth embodiment ot the invention will now be
described. FIG. 12 1s a sectional view for showing the struc-
ture of a semiconductor device of the sixth embodiment.
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As 1s shown 1n FIG. 12, on an underlying interlayer insu-
lating film 11 1s formed a metal wire layer including a plural-
ity of metal wires 12 formed by stacking and then patterning
a 'T1 film and the like. The metal wires 12 and the underlying
interlayer msulating film 11 are covered with an underlying
moisture proofing film 17 of a film with high moisture
absorption resistance (such as a silicon nitride film). On the
underlying moisture proofing film 17, a buried insulating
film 13 of an 1msulating film with a small dielectric constant
(such as a TEOS film) and a passivation film 14 of an insu-
lating film with a large dielectric constant and high moisture
absorption resistance (such as a silicon nitride film) are suc-
cessively deposited. In other words, a surface protecting film
20 1s formed out of a composite film mcluding the underly-
ing moisture proofing layer 17, the buried insulating film 13
and the passivation film 14 in this embodiment. Therefore, 1n
areas among the metal wires 12, at least an area having the
mimmum wire pitch 1s filled with the buried insulating film
13 with a small dielectric constant and the underlying mois-

ture proofing layer 17 with a large dielectric constant but a
small thickness.

Furthermore, a bonding pad 15 1s formed so as to fill an
opening 20a of the surface protecting film 20 including the
three films 13, 14 and 17 to be connected with the metal wire
12. In addition, the bonding pad 15 completely covers the
side faces of the buried insulating film 13 with a small
dielectric constant within the opening 20a and i1s drawn
above the passivation film 14.

At this point, since the bonding pad 15 1s formed so as to
be exposed above the passivation film 14, 1t 1s preferably
formed out of not an easily oxidized metal such as Cu but an
clectrode material mainly including an Al or Au type alloy.

Now, manufacturing procedures for the semiconductor
device of FIG. 12 will be described with reference to FIGS.
13(a) through 13(d).

First, as 1s shown 1n FIG. 13(a), the interlayer insulating
film 11 1s formed on a substrate already bearing other
elements, and the metal wires 12 are formed thereon. At this
point, the interlayer insulating film 11 1s formed out of a
TEOS film (with a dielectric constant of approximately 3.5)
deposited by the CVD 1n the plasma atmosphere. The sur-
face of the interlayer isulating film 11 1s flattened by the
CMP or the like. The metal wires 12 are formed by stacking
and then patterming a T1 barrier metal with a thickness of
approximately 100 nm, an Al type alloy film with a thickness
of approximately 1000 nm and a Ti type anti-reflective film
with a thickness of approximately 50 nm. The underlying
moisture proofing film 17 1s formed, so as to cover the inter-
layer msulating film 11 and the metal wires 12, out of a
s1licon nitride film with a thickness of approximately 30 nm.

Then, as 1s shown 1n FIG. 13(b), the buried insulating film
13 with a small dielectric constant and the passivation film
14 with a large dielectric constant and high moisture absorp-
tion resistance are successively deposited, thereby forming
the surface protecting film 20 of the composite film includ-
ing these films. At this point, the buried insulating film 13
with a small dielectric constant 1s formed out of a TEOS film
(with a dielectric constant of approximately 3.5) deposited
by the CVD 1n the plasma atmosphere. The composition of
the passivation film 14 1s the same as that described 1n the
first embodiment.

At this point, the surface of the buried insulating film 13 1s
preferably flattened over the entire surface of the substrate
by the CMP or the like before depositing the silicon nitride
film as the passivation film 14 as 1s shown 1n FIG. 13(b). In
this case, the TEOS film 1s previously deposited 1n a thick-
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ness as large as approximately 1500 nm, and 1s polished by
approximately 700 nm, so that the resultant thickness of the
TEOS film 1s 800 nm. In this manner, since the fine area
between the metal wires 1s filled with the buried insulating
film 13 with a small dielectric constant, there 1s no need to
consider a coverage defect at a step portion of the passiva-
tion film 14 formed above, and there 1s no fear of the occur-
rence of a pin hole and a crack and the local stress increase.
Thus, the thickness of the passivation film 14 can be set at a
necessary minimum value.

Subsequently, as 1s shown 1n FIG. 13(c), the opening 20a
1s formed 1n an area for the bonding pad in the surface pro-
tecting film 20. Furthermore, as 1s shown i FIG. 13(d), a
metal film 15x 1s deposited so as to fill the opening 20a of the
surface protecting film 20 and extend over the passivation
film 14. At this point, the metal film 15x 1s formed by stack-
ing a T1 type barrier metal with a thickness of approximately
100 nm, an Al type alloy film with a thickness of approxi-
mately 1000 nm and a Ti type anti-reflective film with a
thickness of approximately 50 nm.

Procedures therealiter are not shown 1n the drawings, and
the metal film 15x of FIG. 13(d) 1s patterned, thereby form-
ing the bonding pad 135 as i1s shown 1n FIG. 12. Thus, the

structure of the semiconductor device of the sixth embodi-
ment can be obtained.

The types and the thicknesses of the films used as the
respective elements described above are given merely as
examples, and 1t goes without saying that other compositions
are applicable.

In this embodiment, 1n filling the area for the bonding pad
15 with the metal film 15x, the opening 20a having substan-
tially the same area as the bonding pad 135 1s formed on the
metal wire 12 below.

According to this embodiment, the same effects as
described 1n the first embodiment can be exhibited, and
moreover, the moisture proofing function can be further
enhanced due to the underlying moisture proofing film 17 as
compared with the first embodiment. In contrast, not only
the 1nsulating film with a small dielectric constant (1.e., the
buried insulating film 13) but also the underlying moisture
proofing film 17 1s present in the arecas among the metal
wires 12. However, even though the underlying moisture
proofing film 17 1s made from a material with a large dielec-
tric constant, the capacity between the wires 1s not largely
increased as compared with that in the first embodiment
because the thickness of the underlying moisture proofing
film 17 can be very small. In other words, as compared with
the conventional structure, the parasitic capacitance of the
wires can be decreased, and the resultant semiconductor
device can exhibit high reliability and high performance.

Embodiment 7

A seventh embodiment of the invention will now be
described. FIG. 14 1s a sectional view for showing the struc-
ture of a semiconductor device of the seventh embodiment.

As 1s shown 1n FIG. 14, on an underlying interlayer insu-
lating film 11 1s formed a metal wire layer including a plural-
ity of metal wires 12 formed by stacking and then patterning
a T1 film and the like. In areas among the metal wires 12, a
buried msulating film 13 of an 1nsulating film with a small
dielectric constant (such as a TEOS {ilm) 1s formed with an
underlying moisture proofing film 17 of a film with high
moisture absorption resistance (such as a silicon nitride film)
formed therebelow. In other words, 1n this embodiment, a
surface protecting film 20 1s formed out of a composite film
including the underlying moisture proofing film 17, the bur-
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ied msulating film 13 and a passivation film 14. Therefore, 1n
this embodiment, in the areas among the metal wires 12, at
least an area having the minimum wire pitch 1s filled with the
buried insulating film 13 with a small dielectric constant and
the underlying moisture proofing film 17. The top surfaces
of the underlying moisture proofing film 17 and the buried
insulating film 13 are placed at substantially the same level.
Furthermore, the passivation {ilm 14 of a silicon mitride film
with a large dielectric constant and high moisture absorption
resistance 1s formed so as to cover the buried msulating film
13 and the metal wires 12 with the underlying moisture
proofing film 17 disposed therebetween. Moreover, 1 an
area for a bonding pad 1n the passivation film 14, an opening
20a 1s formed, so that a part of the metal wire 12 1s exposed
in the opeming 20a to work as a bonding pad 185.

Now, manufacturing procedures for the semiconductor
device of this embodiment will be described with reference

to FIGS. 15(a) through 15(c).

First, as 1s shown 1n FIG. 15(a), the interlayer insulating
film 11 1s formed on a substrate already bearing other
elements, and the metal wires 12 are formed thereon. The
interlayer insulating film 11 1s formed out of a TEOS film
(with a dielectric constant of approximately 3.5) deposited
by the CVD in the plasma atmosphere. The surface of the
interlayer insulating film 11 1s flattened by the CMP or the
like. The metal wires 12 are formed by stacking and then
patterning a 11 type barrier metal film with a thickness of
approximately 100 nm, an Al type alloy film with a thickness
of approximately 600 nm and a Ti type anti-reflective film
with a thickness of approximately 50 nm. Then, the underly-
ing moisture proofing film 17 1s formed, so as to cover the
interlayer insulating film 11 and the metal wires 12, out of a
s1licon nitride {ilm with a thickness of approximately 30 nm.

Next, as 1s shown 1n FIG. 15(b), the buried insulating film
13 with a small dielectric constant 1s deposited, and the sur-
faces of the underlying moisture proofing film 17 and the
buried insulating film 13 are flattened by the CMP or the
like. At this point, the buried insulating film 13 with a small
dielectric constant 1s formed out of a TEOS film (with a
dielectric constant of approximately 3.5) deposited by the
CVD 1n the plasma atmosphere. In flattening the TEOS film
by the CMP, the silicon nitride film used as the underlying
moisture proofing film 17 functions as an etching stopper.

Then, as 1s shown 1n FIG. 15(c), the passivation film 14
with a large dielectric constant and high moisture absorption
resistance 1s formed on the underlying moisture proofing
film 17 and the burnied msulating film 13, and the opening
20a 1s formed 1n an area for the bonding pad. Thus, the
semiconductor device of the seventh embodiment having the
structure as shown in FIG. 14 can be obtained. The passiva-
tion film 14 1s formed out of a silicon nitride film (with a
dielectric constant of approximately 7.5) deposited by the
CVD 1n the plasma atmosphere, having a thickness of 100
nm

According to this embodiment, not only the effects of the
fourth embodiment can be exhibited but also the moisture
proofing function can be more definitely exhibited due to the
underlying moisture proofing film 17.

Embodiment 8

In the seventh embodiment, the underlying moisture
proofing {ilm 17 1s not necessarily formed. FIG. 16 15 a sec-
tional view of a semiconductor device according to an eighth
embodiment, in which the underlying moisture proofing film
17 of the semiconductor device of the seventh embodiment

(shown 1n FIG. 14) 1s omatted.
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Furthermore, FIGS. 17(a) through 17(c) are sectional
views for showing manufacturing procedures for the semi-
conductor device of this embodiment. First, as 1s shown 1n
FIG. 17(a), after metal wires 12 are formed on an interlayer
insulating film 11, a buried insulating film 13 1s deposited on
the entire surface of the substrate. The entire top surface of
the substrate 1s then flattened by the CMP, so that the buried
insulating film 13 can be filled between the metal wires 12.
Thus, the structure shown i FIG. 17(b) can be obtained.
Next, as 1s shown 1 FIG. 17(c), a passivation film 14 1s
deposited on the buried insulating film 13 and the metal
wires 12, and an opening 20a 1s then formed. In this manner,
the structure as 1s shown 1n FIG. 16 can be obtained. The
types and the thicknesses of the films used as the respective
clements are the same as those described in the seventh
embodiment.

In each of the aforementioned embodiments, the buried
insulating film 13 formed below the passivation film 14 1s a
silicon oxide film, a silicon oxide film doped with fluorine, a
porous silicon oxide film, a composite film including any of
these silicon oxide films, or a composite film including any
of the these silicon oxide film and an organic msulating film,
and preferably has a dielectric constant of at least 3.9 or less.
When the buried mnsulating film 13 has a smaller dielectric
constant, the parasitic capacitance of the wires can be
smaller, resulting in improving the performance of the

resultant circuit.

Furthermore, when the thickness of the buried insulating
film 13 1s 2 or more as large as the pitch between the metal
wires, the areas among the metal wires can be filled with the
dielectric film with a small dielectric constant, resulting 1n
exhibiting the effects of the mvention. However, when the
underlying moisture proofing film 1s formed, the thickness
of the buried msulating film 13 can be %2 or more as large as
a value obtained by subtracting twice of the thickness of the
underlying moisture proofing film from the pitch between
the metal wires.

In each of the atorementioned embodiments, all the areas
among the metal wires 12 are filled with the buried insulat-
ing {ilm 13, which does not limit the invention. Among all
the areas among the metal wires 12, at least the area having
the minimum wire pitch can be filled with the buried msulat-
ing {ilm 13 of a dielectric film with a small dielectric con-
stant. Therefore, for example, after depositing a silicon
oxide film on a metal wire layer, the buried insulating film
can be left 1n an area having a small wire pitch alone by
anisotropic etching, and side walls are formed on the side
faces of the remaining wires. Then, a passivation {ilm can be
formed. In this case, the areas having a large wire pitch are
mostly covered with a silicon nitride film (1.e., the passiva-
tion film), but the parasitic capacitance 1s small and a step
coverage defect 1s not caused in such areas. Therefore, the
cifects of the mvention can be usefully exhibited without
causing any problem.

Also, the passivation film 14 i1s preferably made from a
silicon mitride film with a large dielectric constant and high
moisture absorption resistance.

What 1s claimed 1s:

[1. A semiconductor device comprising:

a semiconductor substrate bearing semiconductor ele-
ments;

an interlayer insulating film formed on said semiconduc-
tor substrate;

a metal wire layer including plural metal wires formed on
said 1nterlayer insulating film;

a surface protecting film including a first dielectric film
with a small dielectric constant for filling at least a part
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ol areas among said metal wires 1n said metal wire layer
and a second dielectric film with a higher moisture
absorption preventing function than said first dielectric
film for covering said metal wire layer and said first
dielectric film, said second dielectric film having a
function of suppressing moisture absorption of said
first dielectric film;

an opening for a bonding pad formed 1n said surface pro-
tecting film; and

a bonding pad forming in said opening for obtaining
external electrical connection,

wherein said bonding pad and said second dielectric film
of said surface protecting film completely cover said
first dielectric film within said opening so as not to
expose said first dielectric film.]

[2. The semiconductor device of claim 1,

wherein said first dielectric film 1s buried, among said
arcas among said metal wires, at least 1n an area having
a minimum pitch between said metal wires.}

[3. The semiconductor device of claim 1,

wherein said first dielectric film 1s formed on said inter-
layer insulating film and said metal wires, and said sec-

ond dielectric film 1s formed over said first dielectric
film,

said opening 1s formed through said first and second
dielectric films, with exposing a part of at least one of
said metal wires of said metal wire layer, and

said bonding pad 1s buried 1n said opening so as to cover a
side face of said first dielectric film within said opening
and 1s connected with said at least one of said metal
wires. ]

[4. The semiconductor device of claim 3,

wherein said bonding pad extends above a top surface of
said second dielectric film.]
[5. The semiconductor device of claim 4,

wherein said bonding pad has an area larger than a con-
necting portion with said at least one of said metal
wires, and extends above a top surface of said second
dielectric film to reach a portion above said semicon-
ductor elements on said semiconductor substrate.]

[6. The semiconductor device of claim 3,

wherein said bonding pad 1s buried 1n said opening with a
top surtace thereof placed at a level equal to or lower
than a top surface of said second dielectric film.}

[7. The semiconductor device of claim 3,

wherein a third dielectric film for preventing moisture
absorption 1s disposed between said first dielectric film
and any of said interlayer insulating film and said metal
wires. ]

[8. The semiconductor device of claim 7,

wherein said third dielectric film 1s made from a silicon
nitride film.]
[9. The semiconductor device of claim 1,

wherein said first dielectric film 1s formed merely 1n said
arcas among said metal wires,

said second dielectric film 1s formed to be 1n contact with
a top surface of said first dielectric film and top surfaces
of said metal wires of said metal wire layer,

said opening 1s formed through merely said second dielec-
tric film, and

a part of at least one of said metal wires functions as said
bonding pad.}
[10. The semiconductor device of claim 9,

wherein a thin etching stopper film with high etching
selectivity against said interlayer insulating film 1s dis-

20

posed between said first dielectric film and said inter-
layer insulating film.]
[11. The semiconductor device of claim 9,

wherein a third dielectric film for preventing moisture
5 absorption 1s disposed between said first dielectric film
and any of said interlayer insulating film, said metal
wires and said second dielectric film.]
[12. The semiconductor device of claim 1,

wherein said first and second dielectric films are tormed
10 merely 1n said areas among said metal wires, and

a part of at least one of said metal wires of said metal wire
layer functions as said bonding pad.]
[13. The semiconductor device of claim 1,

wherein said first dielectric film 1s made from at least one

13 oxide film selected from the group consisting of a sili-
con oxide film, a silicon oxide film doped with fluorine

and a porous silicon oxide film, or a composite film
including an organic insulating film and at least one

oxide film selected from the group consisting of a sili-

con oxide film, a silicon oxide film doped with fluorine

20 and a porous silicon oxide film.]
[14. The semiconductor device of claim 1,
wherein said first dielectric film has a dielectric constant
of 3.9 or less.}
s [15. The semiconductor device of claim 1,

wherein said second dielectric film 1s made from a silicon
nitride film.]

[16. The semiconductor device of claim 1, wherein said

bonding pad directly contacts one of said plural metal wires

formed on said interlayer insulating film.}
30 [17. The semiconductor device of claim 1, wherein said
bonding pad directly contacts said surface protecting film.]
18. A semiconductor device comprising:

a semiconductor substrate bearing semiconductor ele-

ments;

P an interlayer insulating film formed on said semiconduc-

tor substrate;

a metal wire laver including plural metal wirves formed on
said interlaver insulating film;

a surface protecting film including a first dielectric film
with a small dielectric constant for filling at least a part
of areas among said metal wires in said metal wire
laver and a second dielectric film with a higher mois-
ture absorption preventing function than said first
dielectric film for covering said metal wire layver and
said first dielectric film, said second dielectric film hav-

ing a function of suppressing moistuve absorption of
said first dielectric film,

an opening for a bonding pad formed in said surface pro-
50 tecting film; and

40
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a bonding pad formed in said opening for obtaining exter-
nal electrical connection,

wherein said bonding pad in said opening and said sec-

ond dielectric film of said surface protecting film com-

55 pletely cover said first dielectric film so as not to expose
said first dielectric film.

19. The semiconductor device of claim 18, wherein said
first dielectric film is buried, among said areas among said
metal wires, at least in an arvea having a minimum pitch

60 between said metal wires.

20. The semiconductor device of claim 18, wherein said
first dielectric film is formed on said interlayer insulating
film and said metal wirves, and said second dielectric film is
Jormed over said first dielectric film,

65  said opening is formed through said first and second
dielectric films, with exposing a part of at least one of
said metal wires of said metal wire layer, and
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said bonding pad is buried in said opening so as to cover
a side face of said first dielectric film within said open-
ing and is connected with said at least one of said metal
wires.

21. The semiconductor device of claim 20, wherein said
bonding pad extends above a top surface of said second
dielectric film.

22. The semiconductor device of claim 21, wherein said
bonding pad has an area larger than a connecting portion
with said at least one of said metal wires, and extends above
a top surface of said second dielectric film to reach a portion
above said semiconductor elements on said semiconductor
substrate.

23. The semiconductor device of claim 20, wherein said
bonding pad is buried in said opening with a top surface
thereof placed at a level equal to or lower than a top surface
of said second dielectric film.

24. The semiconductor device of claim 20, wherein a thivd
dielectric film for preventing moisture absorption is dis-
posed between said first dielectric film and any of said inter-
laver insulating film and said metal wires.

25. The semiconductor device of claim 24, wherein said
third dielectric film is made from a silicon nitride film.

26. The semiconductor device of claim 18, wherein said
first dielectric film is formed merely in said arveas among
said metal wires,

said second dielectric film is formed to be in contact with
a top surface of said first dielectric film and top sur-
Jaces of said metal wires of said metal wire layer,

said opening is formed through merely said second dielec-
tric film, and

a part of at least one of said metal wires functions as said

bonding pad.

27. The semiconductor device of claim 26, wherein a thin
etching stopper film with high etching selectivity against
said interlayer insulating film is disposed between said first
dielectric film and said interlayer insulating film.

28. The semiconductor device of claim 26, wherein a third
dielectric film for preventing moisture absorption is dis-
posed between said first dielectric film and any of said inter-
laver insulating film, said metal wires and said second
dielectric film.

29. The semiconductor device of claim 18, wherein said
first and second dielectric films are formed merely in said
areas among said metal wires, and

a part of at least one of said metal wirves of said metal wire

laver functions as said bonding pad.

30. The semiconductor device of claim 18, wherein said
first dielectric film is made from at least one oxide film
selected from the group comnsisting of a silicon oxide film, a
silicon oxide film doped with fluovine and a porous silicon
oxide film, or a composite film including an organic insulat-
ing film and at least one oxide film selected from the group
consisting of a silicon oxide film, a silicon oxide film doped
with fluovine and a porous silicon oxide film.

31. The semiconductor device of claim 18, wherein said
first dielectric film has a dielectric constant of 3.9 or less.

32. The semiconductor device of claim 18, wherein said
second dielectric film is made from a silicon nitride film.

33. The semiconductor device of claim 18, wherein said
bonding pad directly contacts one of said plural metal wires
Jormed on said interlayer insulating fiim.

34. The semiconductor device of claim 18, wherein said
bonding pad divectly contacts said surface protecting film.
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35. A semiconductor device comprising:

a semiconductor substrate bearving semiconductor ele-
ments;

an interlayer insulating film formed on said semiconduc-
5 tor substrate;

a metal wire layer including plural metal wires formed on
said interlaver insulating film;

a surface protecting film including a first dielectric film
with a small dielectric constant for filling at least a part
of areas among said metal wirves in said metal wire
laver and a second dielectric film with a higher mois-
ture absorption preventing function than said first
dielectric film for covering said metal wire layer and
said first dielectric film, said second dielectvic film hav-
ing a function of suppressing moistuve absorption of

said first dielectric film;

an opening for a bonding pad formed in said surface pro-
tecting film; and

10

15

a bonding pad formed in said opening for obtaining exter-

20 . .
nal electrical connection,

wherein said bonding pad covers said opening and said
second dielectric film of said surface protecting film
completely covers said first dielectric film so as not to
expose said first dielectric film.

36. The semiconductor device of claim 35, wherein said
first dielectric film is buried, among said aveas among said
metal wires, at least in an avea having a minimum pitch
between said metal wires.

37. The semiconductor device of claim 35, wherein said
first dielectric film is formed on said interlayer insulating
film and said metal wires, and said second dielectric film is
formed over said first dielectric film,

said opening is formed through said first and second
dielectric films, with exposing a part of at least one of
said metal wires of said metal wire layer, and

25
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said bonding pad is buried in said opening so as to cover
a side face of said first dielectric film within said open-
ing and is connected with said at least one of said metal
wires.

38. The semiconductor device of claim 37, wherein said
bonding pad extends above a top surface of said second
dielectric film.

39. The semiconductor device of claim 38, wherein said
bonding pad has an area larger than a connecting portion
with said at least one of said metal wires, and extends above
a top surface of said second dielectric film to reach a portion
above said semiconductor elements on said semiconductor
substrate.

40. The semiconductor device of claim 37, wherein said
bonding pad is buried in said opening with a top surface
thereof placed at a level equal to or lower than a top surface
of said second dielectric film.

41. The semiconductor device of claim 37, wherein a third
dielectric film for preventing moisture absorption is dis-
posed between said first dielectric film and any of said inter-
laver insulating film and said metal wivres.

42. The semiconductor device of claim 41, wherein said
thivd dielectric film is made from a silicon nitride film.

43. The semiconductor device of claim 35, wherein said
first dielectric film is formed merely in said arveas among
said metal wires,
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said second dielectric film is formed to be in contact with
a top surface of said first dielectric film and top sur-

65 Jaces of said metal wires of said metal wire layer,

said opening is formed through merely said second dielec-
tric film, and
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a part of at least one of said metal wirves functions as said
bonding pad.

44. The semiconductor device of claim 43,

wherein a thin etching stopper film with high etching

selectivity against said interlayver insulating film is dis-

posed between said first dielectric film and said inter-
laver insulating film.

45. The semiconductor device of claim 43, wherein a third

dielectric film for preventing moisture absorption is dis-

posed between said first dielectric film and any of said inter-

laver insulating film, said metal wirves and said second
dielectric film.

46. The semiconductor device of claim 35, wherein said
first and second dielectric films arve formed merely in said
areas among said metal wires, and

a part of at least one of said metal wives of said metal wire
laver functions as said bonding pad.

47. The semiconductor device of claim 35, wherein said

first dielectric film is made from at least one oxide film
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selected from the group comsisting of a silicon oxide film, a
silicon oxide film doped with fluovine and a porous silicon
oxide film, or a composite film including an orvganic insulat-
ing film and at least one oxide film selected from the group
consisting of a silicon oxide film, a silicon oxide film doped
with fluorvine and a porous silicon oxide film.

48. The semiconductor device of claim 33, wherein said
first dielectric film has a dielectric constant of 3.9 or less.

49. The semiconductor device of claim 35, wherein said
second dielectric film is made from a silicon nitride film.

50. The semiconductor device of claim 35, wherein said
bonding pad divectly contacts one of said plural metal wires
Jormed on said interlayer insulating film.

51. The semiconductor device of claim 35, wherein said
bonding pad divectly contacts said surface protecting film.
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