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A semiconductor device including: a semiconductor layer 
including an element formation region and an isolation 
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element formed in the element formation region; an inter 
layer dielectric formed above the semiconductor layer; an 
electrode pad formed above the interlayer dielectric; a 
passivation layer formed above the electrode pad and having 

Correspondence Address: 
HARNESS, DICKEY & PIERCE, P.L.C. 
PO. BOX 828 
BLOOMFIELD HILLS, MI 48303 (US) 

(73) Assignee: Seiko Epson Corporation 

(21) App1_ NO: 11/478,485 an opening Which exposes at least part of the electrode pad; 
and a bump formed in the opening and having a rectangular 

(22) Filed; Jun_ 29, 2006 planar shape having a short side and a long side, the bump 
at least partially covering the element When vieWed from a 

(30) Foreign Application Priority Data top side, and the semiconductor layer positioned Within a 
speci?c range inWard and outWard from a line extending 

Jul. 6, 2005 (JP) .................................... .. 2005-197927 vertically downward from the short side of the bump being 
Mar. 17, 2006 (JP) ....................................... .. 2006-74732 a forbidden region. 

80 

I 

64 70 
l 62 

= I I 60 
' 52 

4o ' § 30 ' so 
' / 

‘\ \‘ 

10 4644 46 
42 20 O) u N 

20 

7 10B “12“10A‘ <10A‘i 12 i 108 



Patent Application Publication Jan. 11, 2007 Sheet 1 0f 3 US 2007/0007662 A1 

./72 

64 

FIG.1 

60 

52 
50 

1O 

<———> 

10B 12 108 

40g 

FIG.2 



Patent Application Publication Jan. 11, 2007 Sheet 2 0f 3 US 2007/0007662 A1 

FIG.3 

34 

7 77 N20 

%%%\V1OA 
)6 3L 

FIG.4 

so 
) 
( 

/72 

----——-l 30 / 3o 64 
100 I I 1 62 100 7° 

60 

' 52 

i / 5o 

22 22 3634 \545 10 
T 108 108 2°? 20 325 

J V 4————’ <——-> (, 
12 10A 10A 12 



Patent Application Publication Jan. 11, 2007 Sheet 3 0f 3 US 2007/0007662 A1 

FIG.5 

FIG.6 

200 [ 
nnunnunuuuununnunnn 

uuuuuuuuuuuuuununua/fso‘?z’ 



US 2007/0007662 A1 

SEMICONDUCTOR DEVICE 

[0001] Japanese Patent Application No. 2005-197927, 
?led on Jul. 6, 2005, and Japanese Patent Application No. 
2006-74732, ?led on Mar. 17, 2006, are hereby incorporated 
by reference in their entirety. 

BACKGROUND OF THE INVENTION 

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

[0003] In related-art technology, When disposing a semi 
conductor element such as a MOS transistor under a pad, the 
characteristics of the semiconductor element may be 
impaired due to stress during bonding. Therefore, the pad 
formation region and the semiconductor element formation 
region are separately provided in a semiconductor chip When 
vieWed from the top side. HoWever, since the semiconductor 
chip has been reduced in siZe and increased in degree of 
integration, disposition of the semiconductor element under 
a pad and a bump has been in demand. JP-A-2002-3l9587 
discloses such technology, for example. 

SUMMARY 

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

[0005] a semiconductor layer including an element forma 
tion region and an isolation region provided around the 
element formation region; 

[0006] an element formed in the element formation region; 

[0007] an interlayer dielectric formed above the semicon 
ductor layer; 

[0008] an electrode pad formed above the interlayer 
dielectric; 
[0009] a passivation layer formed above the electrode pad 
and having an opening Which exposes at least part of the 
electrode pad; and 

[0010] a bump formed in the opening and having a rect 
angular planar shape having a short side and a long side, the 
bump at least partially covering the element When vieWed 
from a top side, 

[0011] the semiconductor layer positioned Within a spe 
ci?c range inWard and outWard from a line extending 
vertically doWnWard from the short side of the bump being 
a forbidden region. 

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

[0013] a semiconductor layer including an element forma 
tion region and an isolation region provided around the 
element formation region; 

[0014] an element formed in the element formation region; 

[0015] an interlayer dielectric formed above the semicon 
ductor layer; 

[0016] an electrode pad formed above the interlayer 
dielectric; 
[0017] a passivation layer formed above the electrode pad 
and having an opening Which exposes at least part of the 
electrode pad; 
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[0018] a bump formed in the opening and at least partially 
covering the element When vieWed from a top side; and 

[0019] a lead Wire formed on the bump and overlapping 
one side of the bump When vieWed from a top side, 

[0020] the semiconductor layer positioned Within a spe 
ci?c range inWard and outWard from a line extending 
vertically doWnWard from the one side of the bump and a 
side opposite to the one side being a forbidden region in 
Which the element formation region is not provided. 

[0021] According to a third aspect of the invention, there 
is provided a semiconductor device comprising: 

[0022] a semiconductor layer including an element forma 
tion region and an isolation region provided around the 
element formation region; 

[0023] 
[0024] an interlayer dielectric formed above the semicon 
ductor layer; 

[0025] an electrode pad formed above the interlayer 
dielectric; 
[0026] a passivation layer formed above the electrode pad 
and having an opening Which exposes at least part of the 
electrode pad; and 

[0027] a bump formed in the opening and covering the 
element When vieWed from a top side, 

[0028] the semiconductor layer positioned Within a spe 
ci?c range inWard and outWard from a line extending 
vertically doWnWard from an edge of the bump being a 
forbidden region. 

an element formed in the element formation region; 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0029] FIG. 1 is a vieW illustrative of a semiconductor 
device according to a ?rst embodiment. 

[0030] FIG. 2 is a vieW illustrative of the semiconductor 
device according to the ?rst embodiment. 

[0031] FIG. 3 is a vieW illustrative of the semiconductor 
device according to the ?rst embodiment. 

[0032] FIG. 4 is a vieW illustrative of a semiconductor 
device according to a second embodiment. 

[0033] FIG. 5 is a vieW illustrative of a semiconductor 
device according to the ?rst and second embodiments. 

[0034] FIG. 6 is a vieW illustrative of the semiconductor 
device according to the ?rst and second embodiments. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

[0035] The invention may provide a highly reliable semi 
conductor device in Which a semiconductor element can be 
formed under a bump. 

[0036] (1) According to one embodiment of the invention, 
there is provided a semiconductor device comprising: 

[0037] a semiconductor layer including an element forma 
tion region and an isolation region provided around the 
element formation region; 

[0038] an element formed in the element formation region; 
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[0039] an interlayer dielectric formed above the semicon 
ductor layer; 

[0040] an electrode pad formed above the interlayer 
dielectric; 

[0041] a passivation layer formed above the electrode pad 
and having an opening Which exposes at least part of the 
electrode pad; and 

[0042] a bump formed in the opening and having a rect 
angular planar shape having a short side and a long side, the 
bump at least partially covering the element When vieWed 
from a top side, 

[0043] the semiconductor layer positioned Within a spe 
ci?c range inWard and outWard from a line extending 
vertically doWnWard from the short side of the bump being 
a forbidden region. 

[0044] The semiconductor device according to this 
embodiment includes the semiconductor layer including the 
element formation region and the isolation region provided 
around the element formation region, Wherein the semicon 
ductor positioned under the bump is the element formation 
region and the forbidden region is provided in a speci?c 
region positioned inWard and outWard from the short side of 
the bump. Stress tends to occur in a speci?c region posi 
tioned inWard and outWard from the short side of the bump. 
Therefore, cracks tend to occur in the interlayer dielectric 
disposed above the forbidden region. For example, When a 
semiconductor element such as a MOS transistor is formed 
in the forbidden region, the characteristics of the MOS 
transistor may deteriorate. In the semiconductor device 
according to this embodiment, the above-described problem 
is eliminated by providing the forbidden region in the above 
speci?c range. The semiconductor layer positioned under 
the bump is provided as the element formation region, and 
a semiconductor element is disposed under the bump at a 
position in Which the semiconductor element can be formed 
Without causing a problem. Speci?cally, a semiconductor 
device Which can be scaled doWn and maintains reliability 
can be provided by disposing a semiconductor element 
under the bump at a position in Which the reliability is not 
affected Without disposing a semiconductor element at a 
position in Which the reliability may be impaired. 

[0045] In this embodiment, the statement “a speci?c layer 
B (hereinafter called “layer B”) formed above a speci?c 
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. 

[0046] The semiconductor device according to this 
embodiment may have the folloWing features. 

[0047] (2) In this semiconductor device, the forbidden 
region may be a range Within 1.0 to 2.5 micrometers outWard 
from a line extending vertically doWnWard from the short 
side of the bump. 

[0048] (3) In this semiconductor device, the forbidden 
region may be a range Within 1.0 to 2.5 micrometers inWard 
from a line extending vertically doWnWard from the short 
side of the bump. 

[0049] (4) According to one embodiment of the invention, 
there is provided a semiconductor device comprising: 
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[0050] a semiconductor layer including an element forma 
tion region and an isolation region provided around the 
element formation region; 

[0051] 
[0052] an interlayer dielectric formed above the semicon 
ductor layer; 

[0053] an electrode pad formed above the interlayer 
dielectric; 

[0054] a passivation layer formed above the electrode pad 
and having an opening Which exposes at least part of the 
electrode pad; 

[0055] a bump formed in the opening and at least partially 
covering the element When vieWed from a top side; and 

[0056] a lead Wire formed on the bump and overlapping 
one side of the bump When vieWed from a top side, 

[0057] the semiconductor layer positioned Within a spe 
ci?c range inWard and outWard from a line extending 
vertically doWnWard from the one side of the bump and a 
side opposite to the one side being a forbidden region in 
Which the element formation region is not provided. 

[0058] In the semiconductor device according to this 
embodiment, the element formation region is provided 
under the bump, and the semiconductor layer Within a 
speci?c range inside and outside the bump is provided as the 
forbidden region. Therefore, this embodiment has the same 
advantage as that of the above invention and can provide a 
semiconductor device Which is scaled doWn and provided 
With improved reliability by disposing a semiconductor 
element under the bump at a position in Which the reliability 
is not affected Without disposing a semiconductor element at 
a position in Which the reliability may be impaired. 

an element formed in the element formation region; 

[0059] The semiconductor device according to this 
embodiment may have the folloWing features. 

[0060] (5) In this semiconductor device, the forbidden 
region may be a range Within 1.0 to 2.5 micrometers outWard 
from a line extending vertically doWnWard from the one side 
and the side opposite the one side of the bump. 

[0061] (6) In this semiconductor device, the forbidden 
region may be a range Within 1.0 to 2.5 micrometers inWard 
from a line extending vertically doWnWard from the one side 
and the side opposite the one side of the bump. 

[0062] (7) According to one embodiment of the invention, 
there is provided a semiconductor device comprising: 

[0063] a semiconductor layer including an element forma 
tion region and an isolation region provided around the 
element formation region; 

[0064] 
[0065] an interlayer dielectric formed above the semicon 
ductor layer; 

[0066] an electrode pad formed above the interlayer 
dielectric; 

[0067] a passivation layer formed above the electrode pad 
and having an opening Which exposes at least part of the 
electrode pad; and 

an element formed in the element formation region; 
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[0068] a bump formed in the opening and covering the 
element When vieWed from a top side, 

[0069] the semiconductor layer positioned Within a spe 
ci?c range inWard and outward from a line extending 
vertically doWnWard from an edge of the bump being a 
forbidden region. 

[0070] In the semiconductor device according to this 
embodiment, the element formation region is provided 
under the bump, and the semiconductor layer Within a 
speci?c range inside and outside the bump is provided as the 
forbidden region. Therefore, this embodiment has the same 
advantage as that of the above invention and can provide a 
semiconductor device Which is scaled doWn and provided 
With improved reliability by disposing a semiconductor 
element under the bump at a position in Which the reliability 
is not affected Without disposing a semiconductor element at 
a position in Which the reliability may be impaired. 

[0071] (8) In this semiconductor device, the forbidden 
region may be a range Within 1.0 to 2.5 micrometers outWard 
from a line extending vertically doWnWard from the edge of 
the bump. 

[0072] (9) In this semiconductor device, the forbidden 
region may be a range Within 1.0 to 2.5 micrometers inWard 
from a line extending vertically doWnWard from the edge of 
the bump. 

[0073] (10) In this semiconductor device, the element may 
be a transistor. 

[0074] (11) In this semiconductor device, the forbidden 
region may be a forbidden region for a loW-voltage-drive 
transistor. 

[0075] (12) In this semiconductor device, a high-voltage 
transistor may be formed in the forbidden region. 

[0076] Some embodiments of the invention Will be 
described in detail beloW, With reference to the draWings. 

1. First Embodiment 

[0077] FIG. 1 is a cross-sectional vieW schematically 
shoWing a semiconductor device according to a ?rst embodi 
ment of the invention, and FIG. 2 is a plan vieW schemati 
cally shoWing the relationship betWeen the shape of an 
electrode pad and a forbidden region in the semiconductor 
device according to the ?rst embodiment. FIG. 1 shoWs the 
cross section along the line X-X shoWn in FIG. 2. 

[0078] As shoWn in FIG. 1, the semiconductor device 
according to the ?rst 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. 

[0079] An isolation insulating layer 20 is formed in the 
semiconductor layer 10. The isolation insulating layer 20 
may be formed by a shalloW trench isolation (STI) method, 
a local oxidation of silicon (LOCOS) method, or a semi 
recessed LOCOS method. FIG. 1 shoWs the isolation insu 
lating layer 20 formed by the STI method. An element 
formation region 10A in Which an element is formed and a 
forbidden region 12 are de?ned by forming the isolation 
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insulating layer 20. The element formation region 10A is a 
region provided under a bump, as described later. The 
forbidden region 12 is the gray area shoWn in FIG. 1, Which 
is the semiconductor layer 10 in a speci?c range inside and 
outside the edge of the bump. The forbidden region 12 is 
also described later. In the semiconductor device according 
to the ?rst embodiment, an element formation region 10B is 
provided outside the forbidden region 12. 

[0080] A loW-voltage-drive metal insulator semiconductor 
(MIS) transistor 30 in Which an insulating layer is not 
formed in an offset region is formed in the element forma 
tion region 10A. An MIS transistor 40 is formed in the 
element formation region 10B in the same manner as in the 
element formation region 10A. The MIS transistor 30 
includes a gate insulating layer 32, a gate electrode 34 
formed on the gate insulating layer 32, and impurity regions 
36 formed in the semiconductor layer 10. The impurity 
region 36 serves as a source region or a drain region. The 
MIS transistor 40 is a loW-voltage-drive transistor Which has 
a structure similar to that of the MIS transistor 30 and 
includes a gate insulating layer 42, a gate electrode 44, and 
impurity regions 46 and in Which an insulating layer is not 
formed in an offset region. The element formation region 
10A according to the ?rst embodiment refers to a region 
enclosed by the isolation insulating layer 20 (region indi 
cated by slanted lines) When vieWed from the top side, as 
shoWn in FIG. 3. This also applies to the element formation 
region 10B. 

[0081] An interlayer dielectric 50 Which covers the MIS 
transistors 30 and 40 and an interlayer dielectric 60 are 
formed above the MIS transistors 30 and 40 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 speci?c pattern is formed on the interlayer 
dielectric 50. The interconnect layer 52 and the impurity 
region 36 of the MIS transistor 30 are electrically connected 
through a contact layer 54. 

[0082] 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. 

[0083] As shoWn in FIG. 1, the semiconductor device 
according to the ?rst 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. 
Speci?cally, the passivation layer 70 may be formed to cover 
the edge portion of the electrode pad 62. The passivation 
layer 70 may be formed of SiO2, SiN, a polyimide resin, or 
the like. In the semiconductor device according to the ?rst 
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. 

[0084] In the semiconductor device according to the ?rst 
embodiment, a bump 80 is formed at least in the opening 72. 
Speci?cally, the bump 80 is formed on the exposed surface 
of the electrode pad 62. In the semiconductor device accord 
ing to the ?rst 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 
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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. 

[0085] 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, for example. 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. 

[0086] The forbidden region 12 is described beloW. As 
described above, the forbidden region 12 refers to the region 
of the semiconductor layer 10 positioned Within a speci?c 
range inside and outside the edge of the bump 80. An 
element formation region cannot be disposed in the forbid 
den region 12. 

[0087] The forbidden region 12 may be the range Within 
2.0 to 3.0 micrometers outWard (in the direction opposite to 
the opening 72) from the edge of the bump 80 and Within 2.0 
to 3.0 micrometers inWard (in the direction toWard the 
opening 72) from the edge of the bump 80. The range of the 
forbidden region 12 is speci?ed as described above for the 
folloWing reasons. 

[0088] Stress occurs near the edge of the bump 80 during 
the process in Which the bump 80 is formed. After the bump 
80 has been formed, stress continuously occurs near the edge 
of the bump 80 due to 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 layer of the interlayer 
dielectric, Whereby the characteristics of the semiconductor 
element formed in such a region may be changed. For 
example, When a MIS transistor is formed in such a region, 
a gate insulating layer deteriorates, Whereby a leakage 
current ?oWs (this problem is discussed later in a second 
embodiment). In the semiconductor device according to the 
?rst embodiment, the forbidden region 12 is provided in the 
range near the edge of the bump 80 in order to prevent the 
above-described problem. 

[0089] In the semiconductor device according to the ?rst 
embodiment, the semiconductor layer positioned under the 
bump 80 is the element formation region 10A, and the 
forbidden region 12 is provided in a speci?c region posi 
tioned outWard from the edge of the bump 80. Stress tends 
to occur in a speci?c region positioned outWard from the 
edge of the bump 80. Therefore, cracks tend to occur in the 
interlayer dielectrics 50 and 60 disposed above the forbidden 
region 12. For example, When a semiconductor element such 
as a MIS transistor is formed in the forbidden region 12, the 
characteristics of the MIS transistor may deteriorate. In the 
semiconductor device according to the ?rst embodiment, the 
above-described problem is eliminated by providing the 
forbidden region 12 in the above speci?c range. The semi 
conductor layer 10 positioned under the bump 80 is provided 
as the element formation region 10A, and the semiconductor 
element is disposed the element formation region 10A. 
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Speci?cally, the ?rst embodiment can provide a semicon 
ductor device Which can be scaled doWn and maintains 
reliability by disposing the semiconductor element under the 
bump 80 at a position in Which the reliability is not affected 
Without disposing the semiconductor element at a position in 
Which the reliability may be impaired. 

[0090] A conductive layer forming the gate electrode 34 
may be used as an interconnect for connecting the semicon 
ductor element With another element such as the MIS 
transistor 40. The portion of the conductive layer used as the 
interconnect may be formed in the forbidden region 12. 

2. Second Embodiment 

[0091] A second embodiment of the invention is described 
beloW With reference to FIG. 4. FIG. 4 is a cross-sectional 
vieW schematically shoWing a semiconductor device accord 
ing to the second embodiment. The semiconductor device 
according to the second embodiment differs from the semi 
conductor device according to the ?rst embodiment in that 
a semiconductor element is formed in the forbidden region 
12. The folloWing description merely illustrates the differ 
ence from the semiconductor device according to the ?rst 
embodiment. 

[0092] As shoWn in FIG. 4, the semiconductor device 
according to the second embodiment includes the element 
formation region 10A and the forbidden region 12 provided 
around the element formation region 10A. In the semicon 
ductor device according to the second embodiment, the 
element formation region 10B is provided outside the for 
bidden region 12 in the same manner as in the semiconduc 
tor device according to the ?rst embodiment, although not 
shoWn in FIG. 4. 

[0093] In the semiconductor device according to the sec 
ond embodiment, a high-voltage MOS transistor is formed 
in the forbidden region 12. In more detail, a MOS transistor 
100 having a LOCOS offset structure is formed in the 
forbidden region 12. The MOS transistor 100 includes an 
offset insulating layer 22 Which is formed in the semicon 
ductor layer 10 and reduces an electric ?eld, a gate insulat 
ing layer 102 formed on the semiconductor layer 10, a gate 
electrode 104 formed on part of the offset insulating layer 22 
and the gate insulating layer 102, and impurity regions 106 
formed in the semiconductor layer outside the gate electrode 
104 and serving as either a source region or a drain region. 
An offset impurity region 108 of the same conductivity type 
as that of the impurity region 106 and having an impurity 
concentration loWer than that of the impurity region 106 is 
formed under the offset insulating layer 22. FIG. 4 illustrates 
the case Where the offset insulating layer 22 is formed by the 
semi-recessed LOCOS method. Note that the offset insulat 
ing layer 22 may be formed by the STI method, the LOCOS 
method, or the like. 

[0094] In the semiconductor device according to the sec 
ond embodiment, some of the constituent elements of the 
MOS transistor 100 are formed in the semiconductor layer 
10 in the forbidden region 12. In the MOS transistor 100, the 
end of the gate electrode 104 is formed on the offset 
insulating layer 22. Speci?cally, a structure in Which the end 
of the gate electrode 104 (?rst conductive layer) is disposed 
on the semiconductor layer 10 through a thin insulating layer 
is not formed in the forbidden region 12. A problem Which 
may occur When the MIS transistor 30 having the structure 
formed in the element formation region is formed in the 
forbidden region 12 is described beloW. The MIS transistor 
30 has a structure in Which the end of the gate electrode 34 



US 2007/0007662 A1 

is formed on the semiconductor layer 10, differing from the 
MOS transistor 100. Therefore, stress tends to occur in the 
semiconductor layer 10 at a position at Which the end of the 
gate electrode 34 is positioned. As described in the ?rst 
embodiment, cracks tend to occur in the interlayer dielec 
trics 50 and 60 positioned over the forbidden region 12, 
Whereby the ?lm tends to deteriorate. This effect may be 
exerted on the end of the gate electrode 34 at Which stress 
occurs, Whereby the gate insulating layer 32 may deteriorate. 
This may cause a leakage current to How through the MIS 
transistor 30. 

[0095] HoWever, in the semiconductor device according to 
the second embodiment, since the end of the gate electrode 
104 is disposed on the offset insulating layer 22 in the 
forbidden region 12, the above-described stress does not 
occur in the semiconductor layer 10, Whereby deterioration 
of the gate insulating layer 102 can be prevented. This 
alloWs a semiconductor element having a speci?c structure 
to be disposed in the forbidden region 12 in addition to the 
element formation region 10A provided under the bump 80, 
Whereby the semiconductor chip can be further scaled doWn. 
This increases the number of semiconductor chips formed 
on one Wafer, Whereby the manufacturing cost can be 
reduced. 

[0096] FIG. 4 illustrates the case Where the MOS transis 
tor 100 is formed in the forbidden region 12. Note that the 
second embodiment is not limited thereto. The second 
embodiment also includes the case Where part of the con 
?guration of the MOS transistor 100 is formed in the 
forbidden region 12. In this case, a MOS transistor having a 
one-sided offset structure may be formed. 

3. Modi?cation 

[0097] A modi?cation of the semiconductor devices 
according to the ?rst embodiment and the second embodi 
ment is described beloW. This modi?cation is characterized 
in that the bump 80 has a rectangular planar shape having a 
short side and a long side. FIG. 5 is a plan vieW schemati 
cally shoWing the positional relationship among the bump 
80, the electrode pad 62, and the forbidden region 12. The 
folloWing description merely illustrates the difference from 
the semiconductor devices according to the ?rst embodiment 
and the second embodiment. 

[0098] In the semiconductor device according to this 
modi?cation, the bump 80 is formed in the opening 72 on the 
electrode pad 62, as shoWn in FIGS. 1 and 4. The opening 
72 has a rectangular shape, and the bump 80 formed in the 
opening 72 also has a rectangular shape. In this modi?ca 
tion, the forbidden region 12 is provided in the semicon 
ductor layer 10 positioned in a speci?c region outWard from 
the edge of the short side of the bump 80 and inside and 
outside the edge of the electrode pad 62. This con?guration 
has the folloWing advantage When mounting the semicon 
ductor device by the COP technology provided that the 
extension direction of a connection line 13 (lead Wire) 
formed on a ?lm is the direction along the long side of the 
bump 80. The bump 80 is pulled in the extension direction 
of the connection line, Whereby stress occurs on the short 
side of the bump 80. Therefore, cracks tend to occur in the 
interlayer dielectrics 50 and 60 on the edge on the short side 
of the bump 80, as described above. This modi?cation 
reliably prevents the semiconductor element from being 
formed at a position in Which the reliability is decreased by 
providing the forbidden region 12 on the short side of the 
bump 80. Moreover, since the forbidden region 12 is not 
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provided in the semiconductor layer positioned under the 
long side of the bump 80, the semiconductor element can be 
formed on the semiconductor layer positioned under the 
long side of the bump 80, Whereby a scaled-doWn semicon 
ductor device can be provided. 

[0099] In particular, in a semiconductor chip 200 Which is 
scaled doWn as shoWn in FIG. 6, a structure may be required 
in Which the opening 72 and the bump 80 are formed in a 
rectangular shape to provide a number of openings 72. This 
modi?cation can provide a semiconductor device Which is 
scaled doWn and provided With improved reliability by 
providing the forbidden region 12 in an appropriate region 
in a semiconductor device having such rectangular bumps 
80. 

[0100] 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. In the MIS transistors 
30, 40, and 100, a sideWall insulating layer may be formed 
on the side surface of each of the gate electrodes 34, 44, and 
104 (not shoWn in FIGS. 1 and 6). A silicide layer may be 
formed on the upper surfaces of the gate electrodes 34, 44, 
and 104 and the impurity regions 36, 46, and 106. 

[0101] The invention is not limited to the above-described 
embodiments, and various modi?cations can be made. For 
example, the invention includes various other con?gurations 
substantially the same as the con?gurations described in the 
embodiments (in function, method and result, or in objective 
and result, for example). The invention also includes a 
con?guration in Which an unsubstantial portion in the 
described embodiments is replaced. The invention also 
includes a con?guration having the same effects as the 
con?gurations described in the embodiments, or a con?gu 
ration able to achieve the same objective. Further, the 
invention includes a con?guration in Which a publicly 
knoWn technique is added to the con?gurations in the 
embodiments. 

[0102] Although only some embodiments of the invention 
have been described in detail above, those skilled in the art 
Will readily appreciate that many modi?cations are possible 
in the embodiments Without departing from the novel teach 
ings and advantages of this invention. Accordingly, all such 
modi?cations are intended to be included Within the scope of 
this invention. 

1. A semiconductor device comprising: 

a semiconductor layer including an element formation 
region and an isolation region provided around the 
element formation region; 

an element formed in the element formation region; 

an interlayer dielectric formed above the semiconductor 
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 
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a bump formed in the opening and having a rectangular 
planar shape having a short side and a long side, the 
bump at least partially covering the element When 
vieWed from a top side, 

the semiconductor layer positioned Within a speci?c range 
inWard and outWard from a line extending vertically 
doWnWard from the short side of the bump being a 
forbidden region. 

2. The semiconductor device as de?ned in claim 1, 

Wherein the forbidden region is a range Within 2.0 to 3.0 
micrometers outWard from a line extending vertically 
doWnWard from the short side of the bump. 

3. The semiconductor device as de?ned in claim 1, 

Wherein the forbidden region is a range Within 2.0 to 3.0 
micrometers inWard from a line extending vertically 
doWnWard from the short side of the bump. 

4. A semiconductor device comprising: 

a semiconductor layer including an element formation 
region and an isolation region provided around the 
element formation region; 

an element formed in the element formation region; 

an interlayer dielectric formed above the semiconductor 
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; 

a bump formed in the opening and at least partially 
covering the element When vieWed from a top side; and 

a lead Wire formed on the bump and overlapping one side 
of the bump When vieWed from a top side, 

the semiconductor layer positioned Within a speci?c range 
inWard and outWard from a line extending vertically 
doWnWard from the one side of the bump and a side 
opposite to the one side being a forbidden region in 
Which the element formation region is not provided. 

5. The semiconductor device as de?ned in claim 4, 

Wherein the forbidden region is a range Within 2.0 to 3.0 
micrometers outWard from a line extending vertically 
doWnWard from the one side and the side opposite the 
one side of the bump. 

6. The semiconductor device as de?ned in claim 4, 

Wherein the forbidden region is a range Within 2.0 to 3.0 
micrometers inWard from a line extending vertically 
doWnWard from the one side and the side opposite the 
one side of the bump. 

7. A semiconductor device comprising: 

a semiconductor layer including an element formation 
region and an isolation region provided around the 
element formation region; 
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an element formed in the element formation region; 

an interlayer dielectric formed above the semiconductor 
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 and covering the element 
When vieWed from a top side, 

the semiconductor layer positioned Within a speci?c range 
inWard and outWard from a line extending vertically 
doWnWard from an edge of the bump being a forbidden 
region. 

8. The semiconductor device as de?ned in claim 7, 

Wherein the forbidden region is a range Within 2.0 to 3.0 
micrometers outWard from a line extending vertically 
doWnWard from the edge of the bump. 

9. The semiconductor device as de?ned in claim 7, 

Wherein the forbidden region is a range Within 2.0 to 3.0 
micrometers inWard from a line extending vertically 
doWnWard from the edge of the bump. 

10. The semiconductor device as de?ned in claim 1, 

Wherein the element is a transistor. 
11. The semiconductor device as de?ned in claim 1, 

Wherein the forbidden region is a forbidden region for a 
loW-voltage-drive transistor. 

12. The semiconductor device as de?ned in claim 11, 

Wherein a high-voltage transistor is formed in the forbid 
den region. 

13. The semiconductor device as de?ned in claim 4, 

Wherein the element is a transistor. 

14. The semiconductor device as de?ned in claim 4, 

Wherein the forbidden region is a forbidden region for a 
loW-voltage-drive transistor. 

15. The semiconductor device as de?ned in claim 14, 

Wherein a high-voltage transistor is formed in the forbid 
den region. 

16. The semiconductor device as de?ned in claim 7, 

Wherein the element is a transistor. 

17. The semiconductor device as de?ned in claim 7, 

Wherein the forbidden region is a forbidden region for a 
loW-voltage-drive transistor. 

18. The semiconductor device as de?ned in claim 17, 

Wherein a high-voltage transistor is formed in the forbid 
den region. 


