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SEMICONDUCTOR DEVICE

[0001] Japanese Patent Application No. 2005-204521,
filed on Jul. 13, 2005, is hereby incorporated by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a semiconductor
device.

[0003] In general, the characteristics of a semiconductor
element (e.g. MIS transistor) and a conductive layer (e.g.
interconnect) under a pad or a bump may be impaired due to
stress during bonding or residual stress of the bump.

SUMMARY

[0004] According to a first aspect of the invention, there is
provided a semiconductor device, comprising:

[0005]

[0006] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0007] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0008] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer; and

a semiconductor layer;

[0009] an electrode pad formed above the interlayer
dielectric,
[0010] a connection section at which the first conductive

layer and the second conductive layer are connected being
disposed in a specific region positioned inward from a line
extending vertically downward from an edge of the elec-
trode pad; and

[0011] a reinforcing section being provided at the connec-
tion section.

[0012] According to a second aspect of the invention,
there is provided a semiconductor device, comprising:

[0013]

[0014] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0015] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0016] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer; and

a semiconductor layer;

[0017] an electrode pad formed above the interlayer
dielectric,
[0018] a connection section at which the first conductive

layer and the second conductive layer are connected being
disposed in a specific region positioned outward from a line
extending vertically downward from an edge of at least part
of the electrode pad; and

[0019] a reinforcing section being provided at the connec-
tion section.
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[0020] According to a third aspect of the invention, there
is provided a semiconductor device, comprising:

[0021]

[0022] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0023] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0024] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer;

[0025] an electrode pad formed above the interlayer
dielectric, a passivation layer formed above the electrode
pad and having an opening which exposes at least part of the
electrode pad; and

[0026]

[0027] a connection section at which the first conductive
layer and the second conductive layer are connected being
disposed in a specific region positioned inward from a line
extending vertically downward from an edge of the bump;
and

[0028] a reinforcing section being provided at the connec-
tion section.

a semiconductor layer;

a bump formed in the opening,

[0029] According to a fourth aspect of the invention, there
is provided a semiconductor device, comprising:

[0030]

[0031] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0032] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0033] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer;

a semiconductor layer;

[0034] an electrode pad formed above the interlayer
dielectric,
[0035] a passivation layer formed above the electrode pad

and having an opening which exposes at least part of the
electrode pad; and

[0036]

[0037] a connection section at which the first conductive
layer and the second conductive layer are connected being
disposed in a specific region positioned inward and outward
from a line extending vertically downward from an edge of
at least part of the bump; and

[0038] a reinforcing section being provided at the connec-
tion section.

a bump formed in the opening,

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0039] FIG. 1 is a view illustrative of a semiconductor
device according to a first embodiment.

[0040] FIG. 2 is a view illustrative of a semiconductor
device according to the first embodiment.

[0041] FIG. 3 is a view illustrative of a semiconductor
device according to a second embodiment.
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[0042] FIG. 4 is a view illustrative of a semiconductor
device according to the second embodiment.

[0043] FIG. 5 is a view illustrative of a semiconductor
device according to a third embodiment.

[0044] FIG. 6 is a view illustrative of a semiconductor
device according to the third embodiment.

[0045] FIG. 7 is a view illustrative of a semiconductor
device according to a fourth embodiment.

[0046] FIG. 8 is a view illustrative of a semiconductor
device according to the fourth embodiment.

[0047] FIGS. 9A and 9B are views showing examples of
a bent conductive layer in the shape of the letter “T” or “L”.

[0048] FIGS. 10A and 10B are views showing other
examples of a bent conductive layer in the shape of the letter
“I o <7

[0049] FIGS. 11A and 11B are views illustrative of a

semiconductor device according to a modification of the
second and fourth embodiments.

[0050] FIG. 12 is a view illustrative of a semiconductor
device according to a modification.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0051] The invention may provide a highly reliable semi-
conductor device in which a conductive layer can be formed
under an electrode pad or a bump.

[0052] (1) According to one embodiment of the invention,
there is provided a semiconductor device, comprising:

[0053]

[0054] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0055] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0056] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer; and

a semiconductor layer;

[0057] an electrode pad formed above the interlayer
dielectric,
[0058] a connection section at which the first conductive

layer and the second conductive layer are connected being
disposed in a specific region positioned inward from a line
extending vertically downward from an edge of the elec-
trode pad; and

[0059] a reinforcing section being provided at the connec-
tion section.
[0060] In the semiconductor device according to this

embodiment, stress tends to occur after formation of the
electrode pad in the region under the electrode pad. There-
fore, cracks tend to occur in the conductive layer having a
connection section disposed in this region. In the semicon-
ductor device according to this embodiment, this problem is
eliminated by providing the reinforcing section to the con-
ductive layer formed in this region.

[0061] In this embodiment, the statement “a specific layer
B (hereinafter called “layer B”) formed above a specific
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layer A (hereinafter called “layer A”)” includes the case
where the layer B is directly formed on the layer A and the
case where the layer B is formed on the layer A through
another layer.

[0062] (2) According to one embodiment of the invention,
there is provided a semiconductor device, comprising:

[0063]

[0064] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0065] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0066] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer; and

a semiconductor layer;

[0067] an electrode pad formed above the interlayer
dielectric,
[0068] a connection section at which the first conductive

layer and the second conductive layer are connected being
disposed in a specific region positioned outward from a line
extending vertically downward from an edge of at least part
of the electrode pad; and

[0069] a reinforcing section being provided at the connec-
tion section.
[0070] In the semiconductor device according to this

embodiment, stress tends to occur after formation of the
electrode pad in a specific region positioned outward from a
line extending vertically downward from the edge of at least
part of the electrode pad. Therefore, cracks tend to occur in
the conductive layer having a connection section disposed in
this region. In the semiconductor device according to this
embodiment, this problem is eliminated by providing the
reinforcing section to the conductive layer formed in this
region.

[0071] (3) In this semiconductor device,

[0072] the electrode pad may have a rectangular shape
having a short side and a long side; and

[0073] the reinforcing section may be provided at the
connection section provided in a specific region positioned
outward from a line extending vertically downward from an
edge of the short side of the electrode pad.

[0074] (4) The semiconductor device may comprise:

[0075] a passivation layer formed above the electrode pad
and having an opening which exposes at least part of the
electrode pad,

[0076] wherein the specific region is a region having a
width corresponding to a thickness of the passivation layer
outward from a line extending vertically downward from the
edge.

[0077] (5) The semiconductor device may comprise:

[0078] a passivation layer formed above the electrode pad
and having an opening which exposes at least part of the
electrode pad,

[0079] wherein the specific region is a region having a
width of 1.0 to 2.5 micrometers outward from a line extend-
ing vertically downward from the edge.
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[0080] (6) The semiconductor device may comprise a
bump formed in the opening.

[0081] (7) According to one embodiment of the invention,
there is provided a semiconductor device, comprising:

[0082]

[0083] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0084] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0085] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer;

a semiconductor layer;

[0086] an electrode pad formed above the interlayer
dielectric,
[0087] a passivation layer formed above the electrode pad

and having an opening which exposes at least part of the
electrode pad; and

[0088]

[0089] a connection section at which the first conductive
layer and the second conductive layer are connected being
disposed in a specific region positioned inward from a line
extending vertically downward from an edge of the bump;
and

a bump formed in the opening,

[0090] a reinforcing section being provided at the connec-
tion section.
[0091] In the semiconductor device according to this

embodiment, stress tends to occur after formation of the
bump in the region under the bump. Therefore, cracks tend
to occur in the conductive layer having a connection section
disposed in this region. In the semiconductor device accord-
ing to this embodiment, this problem is eliminated by
providing the reinforcing section to the conductive layer
formed in this region.

[0092] (8) According to one embodiment of the invention,
there is provided a semiconductor device, comprising:

[0093]

[0094] a first conductive layer formed above the semicon-
ductor layer and having a first width;

[0095] a second conductive layer connected to the first
conductive layer and having a second width which is smaller
than the first width;

[0096] an interlayer dielectric formed above the first con-
ductive layer and the second conductive layer;

a semiconductor layer;

[0097] an electrode pad formed above the interlayer
dielectric,
[0098] a passivation layer formed above the electrode pad

and having an opening which exposes at least part of the
electrode pad; and

[0099]

[0100] a connection section at which the first conductive
layer and the second conductive layer are connected being
disposed in a specific region positioned inward and outward
from a line extending vertically downward from an edge of
at least part of the bump; and

a bump formed in the opening,
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[0101] a reinforcing section being provided at the connec-
tion section.

[0102] In the semiconductor device according to this
embodiment, stress tends to occur after formation of the
bump in a specific region positioned inward and outward
from a line extending vertically downward from the edge of
at least part of the bump. Therefore, cracks tend to occur in
the conductive layer disposed in this region. In the semi-
conductor device according to this embodiment, this prob-
lem is eliminated by providing the reinforcing section to the
conductive layer formed in this region.

[0103] (9) In this semiconductor device,

[0104] the bump may have a rectangular shape having a
short side and a long side; and

[0105] the reinforcing section may be provided at the
connection section provided in a specific region positioned
inward and outward from a line extending vertically down-
ward from an edge of the short side of the bump.

[0106] (10) In this semiconductor device,

[0107] the specific region may be a region having a width
of 2.0 to 3.0 micrometers outward from a line extending
vertically downward from the edge and having a width of
2.0 to 3.0 micrometers inward from a line extending verti-
cally downward from the edge.

[0108] (11) In this semiconductor device, the first conduc-
tive layer and the second conductive layer may be connected
in a shape of the letter “T” or “L”.

[0109] (12) In this semiconductor device, the reinforcing
section may be formed by a third conductive layer protrud-
ing from the first conductive layer and the second conduc-
tive layer.

[0110] (13) In this semiconductor device, the first conduc-
tive layer, the second conductive layer, and the third con-
ductive layer may be polysilicon layers.

[0111] Some embodiments of the invention will be
described in detail below, with reference to the drawings.

1. First Embodiment

[0112] FIG. 1 is a cross-sectional view schematically
showing a semiconductor device according to a first embodi-
ment of the invention, and FIG. 2 is a plan view schemati-
cally showing the relationship between an electrode pad and
a conductive layer in the semiconductor device according to
the first embodiment. FIG. 1 is a cross-sectional view along
the line X-X shown in FIG. 2.

[0113] As shown in FIG. 1, the semiconductor device
according to the first embodiment includes a semiconductor
layer 10. As the semiconductor layer 10, a single crystal
silicon substrate, a silicon on insulator (SOI) substrate in
which a semiconductor layer is formed on an insulating
layer, the semiconductor layer being a silicon layer, a
germanium layer, or a silicon germanium layer, or the like
may be used.

[0114] A conductive layer 14 is formed on the semicon-
ductor layer 10. As shown in FIG. 2, the conductive layer 14
is an interconnect in the shape of the letter “I”. In more
detail, the conductive layer 14 includes a first conductive
layer 14a having a first width, and a second conductive layer
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145 connected with the first conductive layer 14a and having
a second width smaller than the first width. A reinforcing
section 14¢ is provided at a boundary 30 (hereinafter also
called “connection section™) at which the first conductive
layer 14a and the second conductive layer 145 are con-
nected. As the material for the conductive layer 14, poly-
silicon, aluminum, an aluminum alloy, or the like may be
used. A metal insulator semiconductor (MIS) transistor (not
shown) is formed on the semiconductor layer 10. The
conductive layer 14 may be electrically connected with the
MIS transistor.

[0115] An interlayer dielectric 50 provided to cover the
conductive layer 14 and an interlayer dielectric 60 are
formed over the conductive layer 14 in that order. The
interlayer dielectric 50 and the interlayer dielectric 60 may
be formed using a known material. An interconnect layer 52
having a specific pattern is formed on the interlayer dielec-
tric 50.

[0116] An electrode pad 62 is formed on the interlayer
dielectric 60. The electrode pad 62 may be electrically
connected with the interconnect layer 52 through a contact
layer 64. The electrode pad 62 may be formed of a metal
such as aluminum or copper.

[0117] As shown in FIG. 1, the semiconductor device
according to the first embodiment further includes a passi-
vation layer 70. An opening 72 which exposes at least part
of the electrode pad 62 is formed in the passivation layer 70.
As shown in FIGS. 1 and 2, the opening 72 may be formed
to expose only the center region of the electrode pad 62.
Specifically, the passivation layer 70 may be formed to cover
the edge portion of the electrode pad 62. The passivation
layer may be formed of SiO,, SiN, a polyimide resin, or the
like. In the semiconductor device according to the first
embodiment, the term “electrode pad” refers to a region
which includes the region in which the opening 72 is formed
and has a width greater than that of the interconnect section.

[0118] In the semiconductor device according to the first
embodiment, a bump 80 is formed at least in the opening 72.
Specifically, the bump 80 is formed on the exposed surface
of' the electrode pad 62. In the semiconductor device accord-
ing to the first embodiment shown in FIG. 1, the bump 80 is
also formed on the passivation layer 70. The bump 80 may
include one or more layers and may be formed of a metal
such as gold, nickel, or copper. The external shape of the
bump 80 is not particularly limited. The external shape of the
bump 80 may be a quadrilateral (including square and
rectangle) or a circle. The external shape of the bump 80
may cover less area than that of the electrode pad 62. In this
case, the bump 80 may be formed only in the area in which
the bump 80 overlaps the electrode pad 62.

[0119] A barrier layer (not shown) may be formed in the
lowermost layer of the bump 80. The barrier layer prevents
diffusion between the electrode pad 62 and the bump 80. The
barrier layer may include one or more layers. The barrier
layer may be formed by sputtering. The barrier layer may
have a function of increasing the adhesion between the
electrode pad 62 and the bump 80. The barrier layer may
include a titanium tungsten (TiW) layer. When the barrier
layer includes two or more layers, the outermost surface of
the barrier layer may be an electroplating feed metal layer
(e.g. Au layer) for depositing the bump 80.
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[0120] A region 12 is described below.

[0121] The region 12 is a region within a specific range
positioned inward from a line extending vertically down-
ward from the edge of the electrode pad 62. When the
connection section 30 of the T-shaped conductive layer 14 is
disposed in the region 12, the reinforcing section 14c is
provided at the connection section 30.

[0122] As shown in FIG. 9A, the T-shaped conductive
layer 14 includes the first conductive layer 14a extending in
a direction X, the second conductive layer 1456 which
branches in a direction Y from the first conductive layer 14a,
and the reinforcing section 14¢ formed in the base section of
the second conductive layer 145, for example. The reinforc-
ing section 14¢ is formed by a conductive layer protruding
from the first conductive layer 14a and the second conduc-
tive layer 145. In the T-shaped conductive layer 14, when the
second conductive layer 1456 which branches from the first
conductive layer 14a has a width smaller than the first
conductive layer 14q, defects such as cracks tend to occur
near the boundary between the first conductive layer 14a and
the second conductive layer 1456 due to mechanical and
thermal stress during mounting. However, such defects are
prevented from occurring by providing the reinforcing sec-
tion 14¢. As shown in FIG. 10A, the T-shaped bent conduc-
tive layer 14 may include the reinforcing section 14¢ having
a stepwise planar shape. Note that the shape of the reinforc-
ing section 14¢ is not limited to the above examples. The
reinforcing section 14¢ may have an arbitrary shape insofar
as the reinforcement effect for the conductive layer can be
achieved.

[0123] As shown in FIG. 9B, when the conductive layer
14 is in the shape of the letter “L”, the conductive layer 14
includes the first conductive layer 14a extending in the
direction X, the second conductive layer 145 extending in
the direction Y from the end of the first conductive layer 14a,
and the reinforcing section 14¢ formed in the base section of
the second conductive layer 145. The reinforcing section 14¢
is formed by a conductive layer protruding from the first
conductive layer 14a and the second conductive layer 145.
In the L-shaped bent conductive layer 14, when the second
conductive layer 146 has a width smaller than the first
conductive layer 14q, defects such as cracks tend to occur
near the boundary between the first conductive layer 14a and
the second conductive layer 1456 due to mechanical and
thermal stress during mounting. However, such defects are
prevented from occurring by providing the reinforcing sec-
tion 14¢. As shown in FIG. 10B, the [.-shaped bent conduc-
tive layer 14 may include the reinforcing section 14¢ having
a stepwise shape. Note that the shape of the reinforcing
section 14¢ is not limited to the above examples. The
reinforcing section 14¢ may have an arbitrary shape insofar
as the reinforcement effect can be achieved.

[0124] The region 12 may be the region inward from a line
extending vertically downward from the edge of the elec-
trode pad 62. The range of the region 12 is specified as
described above for the following reasons.

[0125] When the electrode pad 62 is formed, stress occurs
in the interlayer dielectric 60 at a position in which the edge
of the electrode pad 62 is positioned. When the bump 80 is
formed on the electrode pad 62, a continuous stress addi-
tionally occurs due to the internal stress of the bump 80. The
stress may cause cracks to occur in the interlayer dielectrics
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50 and 60 from the position (edge of the electrode pad 62)
at which the stress occurs. Such cracks may reach the
lowermost interlayer dielectric. For example, when a con-
ductive layer is formed in such a region, defects such as
cracks may occur in the conductive layer.

[0126] The range of the region 12 is not limited to the first
layer, but may be applied to a conductive layer formed in the
second or higher layer, for example.

[0127] As described above, the semiconductor device
according to the first embodiment allows the T-shaped or
L-shaped bent conductive layer exhibiting mechanical
strength to be formed as the conductive layer in the region
12, whereby the degrees of freedom of the wiring pattern
design can be increased.

2. Second Embodiment

[0128] FIG. 3 is a cross-sectional view schematically
showing a semiconductor device according to a second
embodiment of the invention, and FIG. 4 is a plan view
schematically showing the relationship between an electrode
pad and a conductive layer in the semiconductor device
according to the second embodiment. FIG. 3 is a cross-
sectional view along the line X-X shown in FIG. 4.

[0129] The second embodiment differs from the first
embodiment as to the position of the region 12. Note that
members substantially the same as the members of the
semiconductor device according to the first embodiment are
assigned the same symbols. Detailed description of these
members is omitted.

[0130] As shown in FIG. 3, the semiconductor device
according to the second embodiment includes the semicon-
ductor layer 10. The conductive layer 14 is formed on the
semiconductor layer 10. As shown in FIG. 4, the conductive
layer 14 is an interconnect in the shape of the letter “T”. In
more detail, the conductive layer 14 includes the first
conductive layer 14a having the first width, and the second
conductive layer 145 connected with the first conductive
layer 14a and having the second width smaller than the first
width. The reinforcing section 14¢ is provided at the bound-
ary 30 (hereinafter also called “connection section™) at
which the first conductive layer 14a and the second con-
ductive layer 145 are connected. As the material for the
conductive layer 14, polysilicon, aluminum, an aluminum
alloy, or the like may be used. A metal insulator semicon-
ductor (MIS) transistor (not shown) is formed on the semi-
conductor layer 10. The conductive layer 14 may be elec-
trically connected with the MIS transistor.

[0131] The interlayer dielectric 50 provided to cover the
conductive layer 14 and the interlayer dielectric 60 are
formed over the conductive layer 14 in that order. The
interlayer dielectric 50 and the interlayer dielectric 60 may
be formed using a known material. The interconnect layer 52
having a specific pattern is formed on the interlayer dielec-
tric 50. The electrode pad 62 is formed on the interlayer
dielectric 60. The electrode pad 62 may be electrically
connected with the interconnect layer 52 through the contact
layer 64.

[0132] As shown in FIG. 3, the semiconductor device
according to the first embodiment further includes the pas-
sivation layer 70. The opening 72 which exposes at least part
of the electrode pad 62 is formed in the passivation layer 70.
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[0133] In the semiconductor device according to the first
embodiment, the bump 80 is formed at least in the opening
72. Specifically, the bump 80 is formed on the exposed
surface of the electrode pad 62. The bump 80 is formed to
reach the portion on the passivation layer 70.

[0134] The region 12 is described below.

[0135] The region 12 is a region within a specific range
positioned outward from a line extending vertically down-
ward from the edge of the electrode pad 62.

[0136] When the connection section 30 of the T-shaped
conductive layer 14 is disposed in the region 12, the rein-
forcing section 14c¢ is provided at the connection section 30.

[0137] The conductive layer 14 may be in the shape of the
letter “T” or “L” similar to that described in the first
embodiment. Since the conductive layer 14 includes the
reinforcing section 14c¢, defects such as cracks due to
mechanical and thermal stress during mounting rarely occur
near the boundary between the first conductive layer 14a and
the second conductive layer 145.

[0138] The region 12 may be the range having a width
corresponding to the thickness of the passivation layer 70
outward (in the direction away from the opening 72) from a
line extending vertically downward from the edge of the
electrode pad 62. For example, the region 12 may be the
range having a width of 1.0 to 2.5 micrometers outward from
the edge of the electrode pad 62. The range of the region 12
is specified as described above for the following reasons.

[0139] When the electrode pad 62 is formed, stress occurs
in the interlayer dielectric 60 at a position in which the edge
of the electrode pad 62 is positioned. When the bump 80 is
formed on the electrode pad 62, a continuous stress addi-
tionally occurs due to the internal stress of the bump 80. The
stress may cause cracks to occur in the interlayer dielectrics
50 and 60 from the position (edge of the electrode pad 62)
at which the stress occurs. Such cracks may reach the
lowermost interlayer dielectric. For example, when a con-
ductive layer is formed in such a region, defects such as
cracks may occur in the conductive layer.

[0140] The passivation layer 70 is not formed on a surface
having a uniform height. That is, the passivation layer 70
may have a surface having a level difference corresponding
to the shape of the electrode pad 62. For example, when
mounting the semiconductor device by a chip-on-film (COF)
method, stress due to contact and bonding tends to be
concentrated in the region in which the level difference is
formed when connecting the bump 80 through a connection
line (lead wire) formed on a film. This may also cause cracks
to occur in the interlayer dielectrics 50 and 60. The level
difference is generally formed in the area having a width
approximately corresponding to the thickness of the passi-
vation layer 70 outward from the edge of the electrode pad
62. The range of the region 12 may be specified taking these
problems into consideration.

[0141] The range of the region 12 is not limited to the first
layer, but may be applied to a conductive layer formed in the
second or higher layer, for example. The region 12 may be
the region within a specific range positioned outward from
a line extending vertically downward from the edge of at
least part of the electrode pad 62.
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[0142] As described above, the semiconductor device
according to the second embodiment allows the T-shaped or
L-shaped bent conductive layer exhibiting mechanical
strength to be formed as the conductive layer in the region
12, whereby the degrees of freedom of the wiring pattern
design can be increased.

3. Third Embodiment

[0143] FIG. 5 is a cross-sectional view schematically
showing a semiconductor device according to a third
embodiment of the invention, and FIG. 6 is a plan view
schematically showing the relationship between a bump and
a conductive layer in the semiconductor device according to
the third embodiment. FIG. 5 is a cross-sectional view along
the line X-X shown in FIG. 6.

[0144] The third embodiment differs from the first and
second embodiments as to the position of the region 12.
Note that members substantially the same as the members of
the semiconductor device according to the first embodiment
are assigned the same symbols. Detailed description of these
members is omitted.

[0145] As shown in FIG. 5, the semiconductor device
according to the third embodiment includes the semicon-
ductor layer 10. The conductive layer 14 is formed on the
semiconductor layer 10. As shown in FIG. 6, the conductive
layer 14 is an interconnect in the shape of the letter “T”. In
more detail, the conductive layer 14 includes the first
conductive layer 14a having the first width, and the second
conductive layer 145 connected with the first conductive
layer 14a and having the second width smaller than the first
width. The reinforcing section 14¢ is provided at the bound-
ary 30 (hereinafter also called “connection section™) at
which the first conductive layer 14a and the second con-
ductive layer 145 are connected. As the material for the
conductive layer 14, polysilicon, aluminum, an aluminum
alloy, or the like may be used. A metal insulator semicon-
ductor (MIS) transistor (not shown) is formed on the semi-
conductor layer 10. The conductive layer 14 may be elec-
trically connected with the MIS transistor.

[0146] The interlayer dielectric 50 provided to cover the
conductive layer 14 and the interlayer dielectric 60 are
formed over the conductive layer 14 in that order. The
interlayer dielectric 50 and the interlayer dielectric 60 may
be formed using a known material. The interconnect layer 52
having a specific pattern is formed on the interlayer dielec-
tric 50. The electrode pad 62 is formed on the interlayer
dielectric 60. The electrode pad 62 may be electrically
connected with the interconnect layer 52 through the contact
layer 64.

[0147] As shown in FIG. 5, the semiconductor device
according to the first embodiment further includes the pas-
sivation layer 70. The opening 72 which exposes at least part
of the electrode pad 62 is formed in the passivation layer 70.

[0148] In the semiconductor device according to the first
embodiment, the bump 80 is formed at least in the opening
72. Specifically, the bump 80 is formed on the exposed
surface of the electrode pad 62. In the semiconductor device
according to the first embodiment shown in FIG. 1, the bump
80 is also formed on the passivation layer 70.
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[0149] The region 12 is described below.

[0150] The region 12 is a region within a specific range
positioned inward from a line extending vertically down-
ward from the edge of the bump 80.

[0151] When the connection section 30 of the T-shaped
conductive layer 14 is disposed in the region 12, the rein-
forcing section 14c¢ is provided at the connection section 30.

[0152] The conductive layer 14 may be in the shape of the
letter “T” or “L” similar to that described in the first
embodiment. Since the conductive layer 14 includes the
reinforcing section 14c¢, defects such as cracks due to
mechanical and thermal stress during mounting rarely occur
near the boundary between the first conductive layer 14a and
the second conductive layer 145.

[0153] Theregion 12 may be the region inward from a line
extending vertically downward from the edge of the bump
80. The range of the region 12 is specified as described
above for the following reasons.

[0154] When the electrode pad 62 is formed, stress occurs
in the interlayer dielectric 60 at a position at which the edge
of the electrode pad 62 is positioned. When the bump 80 is
formed on the electrode pad 62, as shown in FIG. 5, a
continuous stress additionally occurs due to the internal
stress of the bump 80. The stress may cause cracks to occur
in the interlayer dielectrics 50 and 60 from the position (edge
of the electrode pad 62) at which the stress occurs. Such
cracks may reach the lowermost interlayer dielectric. For
example, when a conductive layer is formed in such a
region, defects such as cracks may occur in the conductive
layer.

[0155] The range of the region 12 is not limited to the first
layer, but may be applied to a conductive layer formed in the
second or higher layer, for example. The region 12 may be
the region within a specific range positioned outward from
a line extending vertically downward from the edge of at
least part of the electrode pad 62.

[0156] As described above, the semiconductor device
according to the third embodiment allows the T-shaped or
L-shaped bent conductive layer exhibiting mechanical
strength to be formed as the conductive layer in the region
12, whereby the degrees of freedom of the wiring pattern
design can be increased.

4. Fourth Embodiment

[0157] FIG. 7 is a cross-sectional view schematically
showing a semiconductor device according to a fourth
embodiment of the invention, and FIG. 8 is a plan view
schematically showing the relationship between a bump and
a conductive layer in the semiconductor device according to
the fourth embodiment. FIG. 7 is a cross-sectional view
along the line X-X shown in FIG. 8.

[0158] The fourth embodiment differs from the first to
third embodiments as to the position of the region 12. Note
that members substantially the same as the members of the
semiconductor device according to the first embodiment are
assigned the same symbols. Detailed description of these
members is omitted.

[0159] As shown in FIG. 7, the semiconductor device
according to the fourth embodiment includes the semicon-
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ductor layer 10. The conductive layer 14 is formed on the
semiconductor layer 10. As shown in FIG. 8, the conductive
layer 14 is an interconnect in the shape of the letter “T”. In
more detail, the conductive layer 14 includes the first
conductive layer 14a having the first width, and the second
conductive layer 145 connected with the first conductive
layer 14a and having the second width smaller than the first
width. The reinforcing section 14¢ is provided at the bound-
ary 30 (hereinafter also called “connection section™) at
which the first conductive layer 14a and the second con-
ductive layer 145 are connected. As the material for the
conductive layer 14, polysilicon, aluminum, an aluminum
alloy, or the like may be used. A metal insulator semicon-
ductor (MIS) transistor (not shown) is formed on the semi-
conductor layer 10. The conductive layer 14 may be elec-
trically connected with the MIS transistor.

[0160] The interlayer dielectric 50 provided to cover the
conductive layer 14 and the interlayer dielectric 60 are
formed over the conductive layer 14 in that order. The
interlayer dielectric 50 and the interlayer dielectric 60 may
be formed using a known material. The interconnect layer 52
having a specific pattern is formed on the interlayer dielec-
tric 50. The electrode pad 62 is formed on the interlayer
dielectric 60. The electrode pad 62 may be electrically
connected with the interconnect layer 52 through the contact
layer 64.

[0161] As shown in FIG. 7, the semiconductor device
according to the fourth embodiment further includes the
passivation layer 70. The opening 72 which exposes at least
part of the electrode pad 62 is formed in the passivation layer
70.

[0162] In the semiconductor device according to the first
embodiment, the bump 80 is formed at least in the opening
72. Specifically, the bump 80 is formed on the exposed
surface of the electrode pad 62. In the semiconductor device
according to the first embodiment shown in FIG. 1, the bump
80 is also formed on the passivation layer 70.

[0163] The region 12 is described below.

[0164] The region 12 is a region within a specific range
positioned inward and outward from a line extending ver-
tically downward from the edge of the bump 80.

[0165] When the connection section 30 of the T-shaped
conductive layer 14 is disposed in the region 12, the rein-
forcing section 14c¢ is provided at the connection section 30.

[0166] The conductive layer 14 may be in the shape of the
letter “T” or “L” similar to that described in the first
embodiment. Since the conductive layer 14 includes the
reinforcing section 14c¢, defects such as cracks due to
mechanical and thermal stress during mounting rarely occur
near the boundary between the first conductive layer 14a and
the second conductive layer 145.

[0167] The region 12 may be the range having a width of
2.0 to 3.0 micrometers outward (in the direction away from
the opening 72) from a line extending vertically downward
from the edge of the bump 80 and having a width of 2.0 to
3.0 micrometers inward (in the direction toward the opening
72) from the a line extending vertically downward from the
edge of the bump 80. The range of the region 12 is specified
as described above for the following reasons.
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[0168] Stress occurs near the edge of the bump 80 during
the formation process of the bump 80. After the bump 80 has
been formed, stress continuously occurs near the edge of the
bump 80 due to the internal stress of the bump 80. The stress
may cause cracks to occur in the interlayer dielectrics 50 and
60 from the position at which the stress occurs. Such cracks
may reach the lowermost interlayer dielectric, whereby
defects such as cracks may occur in the conductive layer
formed in such a region.

[0169] The range of the region 12 is not limited to the first
layer, but may be applied to a conductive layer formed in the
second or higher layer, for example. The region 12 may be
the region within a specific range positioned outward from
a line extending vertically downward from the edge of at
least part of the electrode pad 62.

[0170] As described above, the semiconductor device
according to the fourth embodiment allows the T-shaped or
L-shaped bent conductive layer exhibiting mechanical
strength to be formed as the conductive layer in the region
12, whereby the degrees of freedom of the wiring pattern
design can be increased.

5. Modification

[0171] A modification of the semiconductor devices
according to the second embodiment and the fourth embodi-
ment is described below with reference to FIGS. 11A and
11B. This medification is characterized in that the electrode
pad 62 and the bump 80 have a rectangular shape. FIGS. 11A
and 11B are plan views schematically showing the positional
relationship among the bump 80, the electrode pad 62, and
the region 12. The following description merely illustrates
the difference from the semiconductor devices according to
the second embodiment and the fourth embodiment.

[0172] In the semiconductor device according to this
modification, the bump 80 is formed in the opening 72 on the
electrode pad 62, as shown in FIGS. 3 and 7. In this
modification, the electrode pad 62 has a rectangular shape.
The opening 72 is formed on part of the upper surface of the
electrode pad 62, and the bump 80 is formed in the opening
72. The bump 80 has a planar shape smaller in area than that
of the electrode pad 62. As shown in FIGS. 11A and 11B, it
is preferable that the bump 80 be provided inside the
electrode pad 62 when viewed from the top side.

[0173] A first modification is a modification relating to the
second embodiment. In this modification, the region 12 is
provided in the region positioned outward from a line
extending vertically downward from the edge of the short
side of the electrode pad 62, as shown in FIG. 11A. This
configuration has the following advantage when mounting
the semiconductor device by tape automated bonding (TAB)
technology provided that the extension direction of a con-
nection line (lead wire) formed on a film made of a poly-
imide resin or the like is the direction along the long side of
the electrode pad 62. In this case, the electrode pad 62 is
pulled in the extension direction of the connection line,
whereby stress occurs on the short side of the electrode pad
62. Therefore, cracks tend to occur in the interlayer dielec-
trics 50 and 60 on the edge on the short side of the electrode
pad 62. This modification reliably prevents the semiconduc-
tor element from being formed at a position in which the
reliability is decreased by providing the region 12 on the
short side of the electrode pad 62.
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[0174] A second modification is a modification relating to
the fourth embodiment. In this modification, the region 12 is
provided in the region positioned inward and outward from
a line extending vertically downward from the edge of the
short side of the bump 80, as shown in FIG. 11B.

[0175] In particular, in a semiconductor chip 200 which is
scaled down as shown in FIG. 12, a structure may be
required in which the opening 72 and the bump 80 are
formed in a rectangular planar shape to provide a number of
openings 72. According to this modification, a semiconduc-
tor device which is scaled down and provided with improved
reliability can be provided by providing the region 12 in an
appropriate region of the semiconductor device having such
rectangular electrode pads 62 (bumps 80).

[0176] The above embodiments illustrate the case where
two interlayer dielectrics 50 and 60 are provided and one
interconnect layer 52 is provided between the interlayer
dielectrics 50 and 60. Note that the above embodiments are
not limited thereto. A structure may also be employed in
which three or more interlayer dielectrics are stacked and
interconnect layers in a number corresponding to the number
of interlayer dielectrics are provided.

[0177] The invention is not limited to the above-described
embodiments, and various modifications can be made. For
example, the invention includes various other configurations
substantially the same as the configurations described in the
embodiments (in function, method and result, or in objective
and result, for example). The invention also includes a
configuration in which an unsubstantial portion in the
described embodiments is replaced. The invention also
includes a configuration having the same effects as the
configurations described in the embodiments, or a configu-
ration able to achieve the same objective. Further, the
invention includes a configuration in which a publicly
known technique is added to the configurations in the
embodiments.

[0178] Although only some embodiments of the invention
have been described in detail above, those skilled in the art
will readily appreciate that many modifications are possible
in the embodiments without departing from the novel teach-
ings and advantages of this invention. Accordingly, all such
modifications are intended to be included within the scope of
this invention.

What is claimed is:
1. A semiconductor device, comprising:

a semiconductor layer;

a first conductive layer formed above the semiconductor
layer and having a first width;

a second conductive layer connected to the first conduc-
tive layer and having a second width which is smaller
than the first width;

an interlayer dielectric formed above the first conductive
layer and the second conductive layer; and

an electrode pad formed above the interlayer dielectric,

a connection section at which the first conductive layer
and the second conductive layer are connected being
disposed in a specific region positioned inward from a
line extending vertically downward from an edge of the
electrode pad; and
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a reinforcing section being provided at the connection
section.
2. The semiconductor device as defined in claim 1,

wherein the first conductive layer and the second conduc-
tive layer are connected in a shape of the letter “T” or
“ 7

3. The semiconductor device as defined in claim 1,

wherein the reinforcing section is formed by a third
conductive layer protruding from the first conductive
layer and the second conductive layer.

4. The semiconductor device as defined in claim 3,

wherein the first conductive layer, the second conductive
layer, and the third conductive layer are polysilicon
layers.

5. A semiconductor device, comprising:

a semiconductor layer;

a first conductive layer formed above the semiconductor
layer and having a first width;

a second conductive layer connected to the first conduc-
tive layer and having a second width which is smaller
than the first width;

an interlayer dielectric formed above the first conductive
layer and the second conductive layer; and

an electrode pad formed above the interlayer dielectric,

a connection section at which the first conductive layer
and the second conductive layer are connected being
disposed in a specific region positioned outward from
a line extending vertically downward from an edge of
at least part of the electrode pad; and

a reinforcing section being provided at the connection
section.
6. The semiconductor device as defined in claim 5,

wherein the electrode pad has a rectangular shape having
a short side and a long side; and

wherein the reinforcing section is provided at the con-
nection section provided in a specific region positioned
outward from a line extending vertically downward
from an edge of the short side of the electrode pad.
7. The semiconductor device as defined in claim 5,
comprising:

a passivation layer formed above the electrode pad and
having an opening which exposes at least part of the
electrode pad,

wherein the specific region is a region having a width
corresponding to a thickness of the passivation layer
outward from a line extending vertically downward
from the edge.
8. The semiconductor device as defined in claim 5,
comprising:

a passivation layer formed above the electrode pad and
having an opening which exposes at least part of the
electrode pad,

wherein the specific region is a region having a width of
1.0 to 2.5 micrometers outward from a line extending
vertically downward from the edge.
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9. The semiconductor device as defined in claim 7,
comprising a bump formed in the opening.
10. The semiconductor device as defined in claim 5,

wherein the first conductive layer and the second conduc-
tive layer are connected in a shape of the letter “T” or
“

11. The semiconductor device as defined in claim 5,

wherein the reinforcing section is formed by a third
conductive layer protruding from the first conductive
layer and the second conductive layer.

12. The semiconductor device as defined in claim 11,

wherein the first conductive layer, the second conductive
layer, and the third conductive layer are polysilicon
layers.

13. A semiconductor device, comprising:

a semiconductor layer;

a first conductive layer formed above the semiconductor
layer and having a first width;

a second conductive layer connected to the first conduc-
tive layer and having a second width which is smaller
than the first width;

an interlayer dielectric formed above the first conductive
layer and the second conductive layer;

an electrode pad formed above the interlayer dielectric,

a passivation layer formed above the electrode pad and
having an opening which exposes at least part of the
electrode pad; and

a bump formed in the opening,

a connection section at which the first conductive layer
and the second conductive layer are connected being
disposed in a specific region positioned inward from a
line extending vertically downward from an edge of the
bump; and

a reinforcing section being provided at the connection
section.
14. The semiconductor device as defined in claim 13,

wherein the first conductive layer and the second conduc-
tive layer are connected in a shape of the letter “T” or
“

15. The semiconductor device as defined in claim 13,

wherein the reinforcing section is formed by a third
conductive layer protruding from the first conductive
layer and the second conductive layer.

16. The semiconductor device as defined in claim 15,

wherein the first conductive layer, the second conductive
layer, and the third conductive layer are polysilicon
layers.
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17. A semiconductor device, comprising:
a semiconductor layer;

a first conductive layer formed above the semiconductor
layer and having a first width;

a second conductive layer connected to the first conduc-
tive layer and having a second width which is smaller
than the first width;

an interlayer dielectric formed above the first conductive
layer and the second conductive layer;

an electrode pad formed above the interlayer dielectric,

a passivation layer formed above the electrode pad and
having an opening which exposes at least part of the
electrode pad; and

a bump formed in the opening,

a connection section at which the first conductive layer
and the second conductive layer are connected being
disposed in a specific region positioned inward and
outward from a line extending vertically downward
from an edge of at least part of the bump; and

a reinforcing section being provided at the connection
section.
18. The semiconductor device as defined in claim 17,

wherein the bump has a rectangular shape having a short
side and a long side; and

wherein the reinforcing section is provided at the con-
nection section provided in a specific region positioned
inward and outward from a line extending vertically
downward from an edge of the short side of the bump.

19. The semiconductor device as defined in claim 17,

wherein the specific region is a region having a width of
2.0 to 3.0 micrometers outward from a line extending
vertically downward from the edge and having a width
of 2.0 to 3.0 micrometers inward from a line extending
vertically downward from the edge.

20. The semiconductor device as defined in claim 17,

wherein the first conductive layer and the second conduc-
tive layer are connected in a shape of the letter “T” or
“ 7

21. The semiconductor device as defined in claim 17,

wherein the reinforcing section is formed by a third
conductive layer protruding from the first conductive
layer and the second conductive layer.

22. The semiconductor device as defined in claim 21,

wherein the first conductive layer, the second conductive
layer, and the third conductive layer are polysilicon
layers.
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