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(57) ABSTRACT

A semiconductor device includes: multiple kinds of inter-
layer insulating films formed on a semiconductor substrate
and having different elastic moduli, respectively; a metal pad
arranged on said multiple kinds of interlayer insulating
films; the interlayer insulating film of a low elastic modulus
having the lowest elastic modulus and having an opening
located under the metal pad, the interlayer insulating film of
a not-low elastic modulus having the elastic modulus larger
than the elastic modulus of the interlayer insulating film of
the low elastic modulus, being layered in contact with the
interlayer insulating film of the low elastic modulus, and
continuously extending over the opening and a region sur-
rounding the opening and a metal interconnection layer
arranged under the metal pad, filling the opening in the
interlayer insulating film of the low elastic modulus, and
being in contact with the interlayer insulating film of the
not-low elastic modulus.
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SEMICONDUCTOR DEVICE AND METHOD OF
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a semiconductor
device and a method of manufacturing the same, and par-
ticularly relates to a semiconductor device, which employs
an interlayer insulating film of a low mechanical strength
and a low dielectric constant, and has a highly reliable metal
pad, as well as a method of manufacturing the same.

[0003] 2. Description of the Background Art

[0004] Insystem LSIsin and after 0.18-micron generation,
it is important to reduce signal delays in devices for achiev-
ing fast operations. The signal delay in the device is repre-
sented by a sum of a signal delay in a transistor and an
interconnection delay, and the influence by the interconnec-
tion delay has been increasing with rapid reduction in
interconnection pitch, as compared with the signal delay in
the transistor. Since the interconnection delay is proportional
to a product (RxC) of a resistance (R) and an interlayer
capacitance (C), lowering of the interconnection resistance
or reduction of the capacitance of the interlayer insulating
film can effectively reduce the interconnection delay. For
overcoming a problem of the signal delay, an embedded
interconnection structure, in which an interlayer insulating
film of a low dielectric constant and a copper interconnec-
tion are combined, has been actively studied.

[0005] A metal pad and its surrounding portion generally
have a layer structure, in which a pad of aluminum or alloy
of aluminum and copper is arranged at an uppermost layer
for wire bonding, and is supported by a pad of a copper
interconnection and a bear-plug both arranged under the pad
of the aluminum or the alloy of aluminum and copper. This
special structure of the metal pad and the portion surround-
ing it is disclosed in “High Performance Copper and Low-k
Interconnect Technology Fully Compatible to 90 nm-node
SOC application (CMOS4)”, M. Inohara et al., Technical
Digest of 2002 IEDM, pp. 77-80.

[0006] As described above, it has been actively studied to
employ the interlayer insulating film of a low dielectric
constant into a leading-edge system LSI for lowering the
interconnection delay. As such a material of a low dielectric
constant, it is possible to employ materials, which are
formed of a spin coating method, such as hydrogen silses-
quiooxane, methyl silsesquioxane, poly-arylether, polyphe-
nylene polymer, benzocyclobutene, polytetrafluoroethylene
and porous silica (e.g., xerogel or aerogel) as well as
materials, which are formed of a CVD (Chemical Vapor
Deposition) method, such as a fluorine-doped silicon oxide
film (SiOF film), fluorine-doped amorphous carbon film (CF
film), parylene and carbon-doped silicon oxide film (SiOC
film).

[0007] The foregoing materials have a much smaller
mechanical strength than conventional silicon oxide films.
The following table 1 represents a result of comparison of a
hardness and an elastic modulus between a silicon oxide film
and a SiOC film used in a typical interlayer insulating film
of a low dielectric constant.
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TABLE 1
Hardness Elastic Module
SiO film (not low elastic modulus) 9(GPa) 70-100 (GPa)
SiOC film (low elastic modulus) 2(GPa) 13(GPa)

[0008] According to the table 1, the hardness and elastic
modulus of the SiOC film having a low dielectric constant
are much lower than those of the conventional silicon oxide
film. In the following description, the lowering of the
hardness and the lowering of the elastic modulus will be
generally referred to as “lowering of a mechanical strength”.

[0009] Due to the lowering of mechanical strength of the
interlayer insulating film, a crack may occur in the interlayer
insulating film arranged in the layer under the metal pad, or
a junction failure may occur in wire-bond when probing is
executed for wire bonding or device test. Therefore, many
proposals have been made for increasing reliability of the
metal pad and its surrounding portion, e.g., in Japanese
Patent Laying-Open Nos. 2000-340569, 2000-183104 and
2001-308100.

SUMMARY OF THE INVENTION

[0010] However, an impact stress applied during wire
boding increases with reduction in size of the metal pad.
Therefore, it has been required to provide a lower structure
of'a metal pad, which can suppress a large strain, and thereby
can prevent cracking and peeling of a film.

[0011] An object of the invention is to provide a semicon-
ductor device and a method of manufacturing the same,
which can prevent problems, i.e., cracking of an interlayer
insulating film and a junction failure due to use of an
interlayer insulating film of a low mechanical strength and
a low dielectric constant.

[0012] A semiconductor device according to the invention
includes multiple kinds of interlayer insulating films formed
on a semiconductor substrate and having different elastic
moduli, respectively, and a metal pad arranged on the
multiple kinds of interlayer insulating films. The semicon-
ductor device has the interlayer insulating film of a low
elastic modulus having the lowest elastic modulus among
the different elastic moduli and having an opening located
under the metal pad, the interlayer insulating film of a
not-low elastic modulus having the elastic modulus larger
than the elastic modulus of the interlayer insulating film of
the low elastic modulus, being layered in contact with the
interlayer insulating film of the low elastic modulus and
continuously extending over the opening and a region sur-
rounding the opening, and a metal interconnection layer
arranged under the metal pad, filling the opening in the
interlayer insulating film of the low elastic modulus and
being in contact with the interlayer insulating film of the
not-low elastic modulus.

[0013] According to the above structure, the interlayer
insulating film of the not-low elastic modulus and the metal
interconnection layer are located under the metal pad, and
the interlayer insulating film of the low elastic modulus is
not located under the metal pad. Therefore, the interlayer
insulating film of the low elastic modulus, in which a crack
may occur in a wire bond, does not directly receive an
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impact stress caused by the wire bonding so that the crack
can be prevented. It is also possible to suppress a strain,
which may occur at an interface between the metal inter-
connection layer and the interlayer insulating film of the
not-low elastic modulus, so that it is possible to prevent
reliably the interlayer insulating film of the low elastic
modulus from peeling at a position shifted from a position
immediately under the metal pad.

[0014] The present invention also provides a method of
manufacturing a semiconductor device having a metal pad
for external electrical connection and formed on a semicon-
ductor substrate. This manufacturing method includes the
steps of forming an insulating layer of a low elastic modulus
located above the semiconductor substrate, and having a
smaller elastic modulus than a silicon oxide film; and
providing an opening located at a portion of the insulating
layer of the low elastic modulus to be used for formation of
the metal pad. The method also includes the steps of forming
a metal layer filling the opening and covering the insulating
layer of the low elastic modulus; and effecting chemical
mechanical polishing on the metal layer to expose the
insulating layer of the low elastic modulus and the metal
layer in the opening. The method further includes the steps
of covering the metal layer subjected to the chemical
mechanical polishing and the insulating layer of the low
elastic modulus with an insulating layer having a larger
elastic modulus than the insulating layer of the low elastic
modulus; and providing the metal pad above a layer struc-
ture formed of the insulating layer of the low elastic modu-
lus, the metal layer and the insulating layer of the not-low
elastic modulus.

[0015] The above method can easily form a metal pad
structure of high reliability.

[0016] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows a structure of a metal pad portion of
a semiconductor device according to a first embodiment of
the invention.

[0018] FIGS. 2A and 2B are cross sections taken along
line II-1I in FIG. 1, and show a metal interconnection layer
without an aperture and a metal interconnection layer with
apertures, respectively.

[0019] FIG. 3 shows a structure of a metal pad portion of
a semiconductor device according to a second embodiment
of the invention.

[0020] FIGS. 4A and 4B are cross sections taken along
line IV-IV in FIG. 3, and show a structure having discrete
apertures filled with a metal interconnection layer and a
structure having stripe-shaped apertures filled with a metal
interconnection layer, respectively.

[0021] FIG. 5 shows a structure of a metal pad portion of
a semiconductor device according to a third embodiment of
the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] Embodiments of the invention will now be
described with reference to the drawings.
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[0023] FIG. 1 shows a structure including a metal pad and
a portion surrounding it according to a first embodiment of
the invention. According to the first embodiment, an under-
lying insulating layer 2 including elements such as transis-
tors is formed on a silicon substrate 1, and a first interlayer
insulating film 3, which has a low dielectric constant
selected for suppressing an interconnection capacitance, is
formed on underlying insulating layer 2. The low dielectric
constant may generally be lower than that of a silicon oxide
film. Since the silicon oxide film has the dielectric constant
of 4.3, first interlayer insulating film 3 substantially has the
dielectric constant lower than 4.3. For reducing the inter-
connection capacitance, it is desirable that the dielectric
constant takes a lower value. For example, it is desired that
interlayer insulating film 3 is made of a material having a
low dielectric constant not exceeding 3.

[0024] First interlayer insulating film 3 of the low dielec-
tric constant has a low mechanical strength such as a low
elastic modulus, and therefore may also be referred to as a
“first interlayer insulating film of a low elastic modulus”.
This low elastic modulus may generally be lower than that
of the silicon oxide film, and is specifically lower than 50
GPa in this embodiment. Therefore, the “interlayer insulat-
ing film of the not-low elastic modulus™ already described
represents an interlayer insulating film having an elastic
modulus of 50 GPa or more. An “extremely large elastic
modulus” represents an elastic modulus of 100 GPa or more.
In many cases, the “interlayer insulating film of the not-low
elastic modulus” in this description represents the interlayer
insulating film having the extremely large elastic modulus
unless otherwise specified. The elastic modulus can be
obtained by a nano-indentation method.

[0025] Then, lithography and dry etching are effected on
first interlayer insulating film 3 of the low dielectric constant
to form an intended interconnection pattern groove (open-
ing) 3a, and a first copper interconnection 4 is formed in
opening 3a. Although not shown, first copper interconnec-
tion 4 is provided with barrier metal such as tantalum or
tantalum nitride for the purpose of preventing diffusion of
copper into the interlayer insulating film. This barrier metal
covers the lower surface and the opposite side surfaces of
first copper interconnection 4. Copper interconnections,
which will be described below, are likewise covered with
barrier metal unless otherwise specified.

[0026] According to this embodiment, first interlayer insu-
lating film 3 of the low dielectric constant is formed of a
carbon-doped silicon oxide film (SiOC film) formed by a
plasma CVD method. The copper interconnection employed
in this embodiment is formed in the following manner. First,
a sputter method is executed to form a thin film of copper on
the barrier metal of tantalum or tantalum nitride formed by
a sputter method. Plating is then executed to form a thick
film of copper on the thin film. Thus, the copper intercon-
nection is formed of the thin film of copper formed by the
sputter method and the thick film of copper formed by the
plating.

[0027] Thereafter, Chemical Mechanical Polishing (CMP)
is effected to remove the copper and barrier metal from
portions not requiring them so that first copper interconnec-
tion 4 is finally formed in groove (opening) 3a. Copper
interconnection 4 may be an ordinary thin film having
neither an aperture nor a space, or may be a thin film, which
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is internally provided with aligned apertures. Thus, on a
section taken along line II-II in FIG. 1, first copper inter-
connection 4 may be a thin film having a solid structure as
shown in FIG. 2A, or may be a thin film provided with
apertures 4a aligned therein as shown in FIG. 2B. Apertures
4a are filled with insulating film 3 located in the same layer
as copper interconnection 4. Thus, apertures 4a are filled
with first interlayer insulating film 3 of the low dielectric
constant.

[0028] Then, first and second interlayer insulating films 5
and 6 of the not-low dielectric constant each having a
dielectric constant and an elastic modulus higher than those
of first interlayer insulating film 3 of the low dielectric
constant. In this description, a layer formed of first interlayer
insulating film 3 of the low dielectric constant, first inter-
layer insulating film 5 of the not-low dielectric constant and
second interlayer insulating film 6 of the not-low dielectric
constant is generally referred to as a “first layer.”

[0029] Then, a second interlayer insulating film 7 having
a low dielectric constant is formed on the first layer. Then,
lithography and dry etching are effected on second interlayer
insulating film 7 of the low dielectric constant to form a
groove (opening) 7a of an intended interconnection pattern.
The CMP processing or the like is then executed to form a
second copper interconnection 8 in opening 7a. Third and
fourth interlayer insulating films 9 and 10 of the not-low
dielectric constant are formed on second copper intercon-
nection 8. Second interlayer insulating film 7 of the low
dielectric constant as well as third and fourth interlayer
insulating films 9 and 10 of the not-low dielectric constant
form a second layer.

[0030] First and third interlayer insulating films 6 and 9 of
the not-low dielectric constant in this embodiment may be
formed of a silicon nitride film or a silicon carbide film
deposited by the plasma CVD method, or may be formed of
a nitrogen-doped silicon carbide film or an oxygen-doped
silicon carbide film. This embodiment employs the silicon
carbide films. Second and fourth interlayer insulating films
6 and 10 of the not-low dielectric constant are formed of
silicon oxide films deposited by the plasma CVD method. As
represented in the table 1, these silicon oxide films have a
hardness and an elastic modulus higher than those of the
SiOC film forming the interlayer insulating film of the low
dielectric constant of the embodiment, and can effectively
suppress cracks due to probing and wire bonding

[0031] Then, interlayer insulating films and copper inter-
connections providing third and fourth layers are formed in
a manner similar to that for the second layer. Finally,
interlayer insulating film 19 of the low dielectric constant
and a copper interconnection 20 in a fifth layer are formed.

[0032] A first passivation film 21 is formed on the copper
interconnection in the fifth layer thus formed. Then, etching
is effected on first passivation film 21 in accordance with a
pattern of arrangement of a connection aperture 21a so that
copper interconnection 20 in the fifth layer is exposed on the
surface.

[0033] First passivation film 21 may be formed of a silicon
nitride film, silicon oxide film or silicon oxynitride film
prepared by the plasma CVD method. On first passivation
film 21, an aluminum pad 22 is formed by the sputtering
method, and a second passivation film 23 is formed to cover
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the surfaces thereof. Second passivation film 23 may like-
wise be formed of a silicon nitride film, silicon oxide film or
silicon. oxynitride film prepared by the plasma CVD
method. Second passivation film 23 is etched in accordance
with an intended pattern to provide wire bond so that
aluminum pad 22 is exposed. Finally, a wire bond portion 24
is formed on aluminum pad 22.

[0034] In a structure of a conventional metal pad, an
interlayer insulating film of a low elastic modulus having a
low elastic modulus is arranged under the metal pad. When
the aluminum pad having the above structure is strained
vertically downward, a large amount of strain occurs on an
interface between portions having significantly different
elastic moduli, respectively, and thus on an interface
between a copper interconnection and an SiOC film, or
between a silicon oxide film and an SiOC film. Conse-
quently, an internal stress accumulated on such an interface
locally increases. This increase in internal stress promotes
peeling on the interface, and consequently causes cracks in
the film and a junction failure (peeling) in the wire bond
portion.

[0035] According to the structure of the semiconductor
device of the embodiment, the silicon oxide film having a
large elastic modulus and the interconnection of copper,
which generally has an elastic modulus of about 130 GPa
similarly to the silicon oxide film, are arranged immediately
under the aluminum pad, and the interlayer insulating film of
the low elastic modulus is not arranged immediately under
the aluminum pad. Consequently, a difference in elastic
modulus can be reduced by the structure of the embodiment,
in which the silicon oxide film and the copper interconnec-
tion having the high elastic moduli are arranged immediately
under the aluminum pad. Accordingly, it is possible to
reduce an amount of vertical strain, which may occur
immediately under the aluminum pad at the times of the wire
bonding and test probing, and therefore it is possible to
prevent a crack due to the wire bonding or test probing as
well as a junction failure in the wire bond.

[0036] According to the above embodiment, the copper
interconnections are inserted into all the five interconnection
layers, respectively. However, the copper interconnection(s)
may be inserted into one or some of the interconnection
layers, in which case the substantially same effect can be
achieved. In the latter case, it is desired to insert the copper
interconnection(s) into the interconnection layer(s) near the
aluminum pad.

[0037] In this embodiment, the silicon oxide film having
the high elastic modulus is arranged as layer 21 having
connection aperture 21a. In this structure, the silicon oxide
film arranged in the layer having the connection aperture is
present also in portions other than the aluminum pad such as
a portion, in which a metal interconnection (copper inter-
connection) is arranged for connecting elements together.
Even in this structure, since the interlayer insulating film of
the low dielectric constant is arranged between the metal
interconnections, arrangement of the silicon oxide film
causes only slight increase in capacitance between the
interconnections. For the purpose of minimizing the capaci-
tance between interconnections, an interlayer insulating film
of a low dielectric constant may be arranged at metal
interconnection portions other than the aluminum pad in the
layer having the connection aperture. In this case, a silicon
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oxide film may be selectively arranged at a portion, which
is located immediately under the aluminum pad, and a
portion surrounding it in the layer having the connection
aperture.

Second Embodiment

[0038] FIG. 3 shows a structure of a metal pad of a
semiconductor device according to a second embodiment of
the invention. A method of forming the interlayer insulating
films and the copper interconnections is completely the same
as that in the first embodiment, and therefore description
thereof is not repeated.

[0039] The second embodiment of the invention differs
from the first embodiment in that the copper interconnection
in each layer fills the connection aperture under it. More
specifically, second copper interconnection 8 in the second
layer fills connection apertures 5a and 6a. In the third layer,
a third copper interconnection 12 fills connection apertures
9a and 10a. Likewise, a fourth layer includes a fourth copper
interconnection 16 filling connection apertures 13a and 14a,
and a fifth layer includes fifth copper interconnection 20
filling connection apertures 17a and 18a. The connection
apertures described above may be merely referred to as
“apertures”, respectively.

[0040] A section taken along line IV-IV in FIG. 3 may
have a structure represented by FIG. 4A or 4B. The copper
interconnection may fill discrete apertures 14a as shown in
FIG. 14A, or may fill stripe-shaped apertures 14a as shown
in FIG. 4B. In either of these cases, the connection apertures
are represented by the “apertures”.

[0041] In this embodiment, since a portion of the copper
filling the connection aperture is added to the structure, the
mechanical strength of the portion immediately under the
aluminum pad can be larger than that in the first embodi-
ment. This can reduce further effectively the strain due to the
wire bonding or test probing. Consequently, it is possible to
prevent a crack due to the wire bonding or test probing as
well as a junction failure in the wire bond.

Third Embodiment

[0042] FIG. 5 shows a structure of a metal pad of a
semiconductor device according to a third embodiment of
the invention. A method of forming the interlayer insulating
films and the copper interconnections in this embodiment is
completely the same as that in the first embodiment, and
therefore description thereof is not repeated. The third
embodiment differs from the first embodiment in that copper
interconnections 4, 8, 12, 16 and 20 arranged in openings 3a,
7a, 11a, 15a and 19a, which are provided at the interlayer
insulating films of low elastic moduli in the respective
layers, do not have uniform planar sizes. More specifically,
the copper interconnection in each layer has a planar size
different from that of the copper interconnection(s) in a
vertically neighboring layer(s). Copper interconnection 8 in
the second layer has a larger planar size than copper inter-
connection 4 in the first layer. The copper interconnections
in the third and fifth layers have a small planar size similarly
to that in the first layer, and the copper interconnection in the
fourth layer has a large planar size similarly to that in the
second layer.

[0043] According to the third embodiment, since copper
interconnections 4, 8, 12, 16 and 20 have alternately varying
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sizes, it is possible to suppress concentration of a strain
around the copper interconnections. If the inserted copper
interconnections have uniform planar sizes, edges of the
copper interconnections are vertically aligned to each other.
This increases the strain concentrated around the copper
interconnections, which are in contact with the interlayer
insulating films of the low dielectric constant. The staggered
edges of the copper interconnections in this embodiment can
suppress concentration of the strain.

[0044] The structure, in which the copper interconnections
have the sizes varying in an alternating fashion, may be
provided with the copper interconnections filling the con-
nection apertures similarly to the second embodiment. This
can achieve an effect similar to that of the second embodi-
ment in addition to the foregoing effect of this embodiment.

[0045] Finally, various embodiments of the invention
including the embodiments already described are set forth
below.

[0046] The interlayer insulating film of the not-low elastic
modulus may be formed of a first interlayer insulating film
of a not-low elastic modulus and a second interlayer insu-
lating film of a not-low elastic modulus, which is located
above and in contact with the first interlayer insulating film,
and is made of a material different from that of the first
interlayer insulating film.

[0047] Two interlayer insulating films each having a not-
low elastic modulus may be layered so that an impact energy
can be damped at an interface between these two interlayer
insulating films having a high strength, and a crack caused
by another stress-concentrated portion can be prevented.

[0048] As already described repetitively, the invention is
predicated on that the interlayer insulating film of the
not-low elastic modulus has a larger dielectric constant than
the interlayer insulating film of the low elastic modulus.

[0049] The interlayer insulating film of the not-low elastic
modulus located in the opening under the metal pad may be
provided with an aperture, which is filled by a metal
interconnection layer. A metal interconnection of copper or
the like has an extremely high elastic modulus of about 100
GPa or more. The structure, in which the metal intercon-
nection filling the apertures extends vertically continuously,
can achieve a high mechanical strength. It can be expected
that the above structure can damp an impact energy at the
interfaces between side surfaces of the apertures of the
interlayer insulating films and the metal interconnection.

[0050] The above metal interconnection layer may be
provided with an aperture, which is filled with an interlayer
insulating film of a low elastic modulus located in the same
layer as this metal interconnection layer. In this structure, a
large difference in elastic modulus does not occur at the
interface between the layers so that the mechanical strength
can be improved. It can be expected to damp an impact
energy at the interface between a side surface of the aperture
of the metal interconnection and the interlayer insulating
film.

[0051] Two or more layer structures, each of which
includes an interlayer insulating film of a not-low elastic
modulus and an interlayer insulating film of a low elastic
modulus having an opening filled with the metal intercon-
nection layer, may be layered in the opening already
described. This multi-layer structure can achieve matching
with many other portions forming a structure, which achieve
original functions of the semiconductor device. Further,
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each interface in the multi-layer structure can be effective at
absorbing the impact energy, e.g., at the wire bond.

[0052] In the above multi-layer structure, which is pro-
vided with the two or more layer structures arranged in the
opening and each including the interlayer insulating film of
the not-low elastic modulus and the interlayer insulating film
of the low elastic modulus having the opening filled with the
metal interconnection layer, the metal interconnection layers
in the vertically neighboring layers may have different
planar sizes, respectively. This structure can prevent vertical
alignment of the edges of the metal interconnections, and
thus can suppress concentration of the stress, which may be
caused by metal interconnections having aligned edges.

[0053] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended
claims.

1-10. (canceled)
11. A semiconductor device comprising:

multiple kinds of interlayer insulating films formed on a
semiconductor substrate and having different elastic
moduli, respectively;

a metal pad for wire bonding arranged on said multiple
kinds of interlayer insulating films;

the multiple kinds of interlayer insulating films including
a first interlayer insulating film having the lowest
elastic modulus among said different elastic moduli and
having an opening located under said metal pad;

the multiple kinds of interlayer insulating films including
a second interlayer insulating film having an elastic
modulus larger than the lowest elastic modulus, being
underlying and in contact with said first interlayer
insulating film;

a metal interconnection layer having an elastic modulus
larger than the lowest elastic modulus, arranged under
said metal pad, filling the opening in said first interlayer
insulating film, and being in contact with said second
interlayer insulating film at a lower surface of the metal
interconnection layer; and

a wire bond portion formed on the metal pad,

wherein the first interlayer insulating film is not arranged
under the metal pad by arranging the metal pad in an
area of the opening.

12. The semiconductor device according to claim 11,
wherein said second interlayer insulating film is formed of
a third interlayer insulating film of a not-low elastic modulus
and a fourth interlayer insulating film of a not-low elastic
modulus different in material from said first interlayer
insulating film of the not-low elastic modulus.

13. The semiconductor device according to claim 12,
wherein said second interlayer insulating film located under
said metal pad is provided with an aperture, and the metal
interconnection layer fills said aperture.

14. The semiconductor device according to claim 12,
further comprising: two or more layer structures each
including an interlayer insulating film of a not-low elastic
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modulus, and the interlayer insulating films of a low elastic
modulus each having an opening filled with a metal inter-
connection layer.

15. The semiconductor device according to claim 12,
further comprising: two or more layer structures each
including an interlayer insulating film of a not-low elastic
modulus, and the interlayer insulating films of the low
elastic modulus each having an opening filled with a metal
interconnection layer, wherein the layer structures vertically
neighboring to each other have said metal interconnection
layers having different planar sizes, respectively.

16. The semiconductor device according to claim 12,
wherein said metal interconnection layer has an aperture,
and an interlayer insulating film of the lowest elastic modu-
lus located in the same layer structure as said metal inter-
connection layer having said aperture fills said aperture.

17. The semiconductor device according to claim 16,
further comprising: two or more layer structures each
including an interlayer insulating film of a not-low elastic
modulus, and the interlayer insulating films of the low
elastic modulus each having an opening filled with a metal
interconnection layer, wherein the layer structures vertically
neighboring to each other have said metal interconnection
layers having different planar sizes, respectively.

18. The semiconductor device according to claim 11,
wherein said second interlayer insulating film has a larger
dielectric constant than said first interlayer insulating film.

19. The semiconductor device according to claim 18,
wherein two or more layer structures each including an
interlayer insulating film of a not-low elastic modulus, and
an interlayer insulating film of the lowest elastic modulus
having an opening filled with a metal interconnection layer,
wherein the layer structures vertically neighboring to each
other have said metal interconnection layers having different
planar sizes, respectively.

20. A method of manufacturing a semiconductor device
having a metal pad for external electrical connection and
formed on a semiconductor substrate, comprising the steps
of:

forming a first insulating layer located above said semi-
conductor substrate,

forming a second insulating layer located on said first
insulating layer, and having a smaller elastic modulus
than the first insulating layer and a silicon oxide film;

providing an opening in said second insulating layer
exposing the first insulating layer at the bottom, and
extending a whole area for formation of said metal pad
in plan view;

forming a metal layer filling said opening and covering
said second insulating layer, and contacting the first
insulating layer at the bottom of the opening;

effecting chemical mechanical polishing on said metal
layer to expose said insulating layer of the low elastic
modulus and said metal layer in said opening;

providing the metal pad above a layer structure formed of
said insulating layer of the low elastic modulus, the
metal layer and the insulating layer of the not-low
elastic modulus;

forming a wire bond portion on the metal pad.



