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b:Chip 2:Wiring Substrate
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6:Chip (second)
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6:Chip (third)
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE 10 RELATED
APPLICATIONS

The present application is aveissue application of U.S. Pat.
No. 8,178,971, the entive contents of which are incovporated
hervein by reference.

This application 1s based upon and claims the benefit of
priority from Japanese patent application No. 2008-056842,
filed on Mar. 6, 2008, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a semiconductor device and, 1n
particular, relates to a semiconductor device improved in
strength of a bump array to which thermal stress 1s particu-
larly applied among bumps that serve as external terminals of
the semiconductor device, and further relates to a method of
manufacturing such a semiconductor device.

2. Description of the Related Art

Semiconductor devices are widely known having a struc-
ture in which a semiconductor chip 1s mounted on one surface
of a wiring substrate and bumps are arranged on the other
surface thereol. When a semiconductor device having such a
structure 1s used while being disposed on a mounting board,
there are instances where thermal stress 1s applied to bumps
due to a difference 1n thermal expansion coelificient between
a wiring substrate and the mounting board to cause the bumps
to fracture, thus leading to the occurrence of connection fail-
ure.

Particularly, 1n a semiconductor device 1n which a semi-
conductor chip 1s mounted so as to be offset or shifted from
the center of a wiring substrate for the purpose of ensuring a
space for wire bonding, greater thermal stress 1s applied to a
bump array located at a farther position from the center of the
wiring substrate in the chip shift direction due to asymmetry
of the structure of the device. This will be explained for a
BGA (ball grid array) semiconductor device mounted with a
plurality of chips, which 1s illustrated in FIGS. 10 and 11.

In the mounting temperature cycle evaluation of a semi-
conductor device, fracture of bumps such as solder balls
occurs due to the influence of stress generated by a difference
in thermal expansion coellicient (o) between a wiring sub-
strate 2 and chips 6 forming the semiconductor device or a
difference 1n a between the semiconductor device and a non-
illustrated mounting board. This fracture often occurs mainly
at bumps 5 disposed at four corners or bumps 5 disposed
under chip corners, which are most subjected to stress among,
all bumps 3 in the generally grid-shaped bump arrangement
ol the semiconductor device.

More specifically, 1n the chip shift direction (on the side A
in FI1G. 10), the chips 6 made of, for example, a low-a. silicon
are concentrated, and fixed rigidly by the wiring substrate 2
and a sealing body 10 each made of, for example, an epoxy
resin having a greater than that of the silicon. Therefore, the

5

10

15

20

25

30

35

40

45

50

55

60

65

2

bumps 5 disposed under the wiring substrate 2 in the chip shait
direction (on the side A 1 FIG. 10) are largely subjected to
stress generated by the difference 1n o as compared with the
bumps 5 disposed in the other place. Particularly, a bump
array 5-1 located at a position farthest from the center of the
wiring substrate 2 in the chip shift direction 1s subjected to
extremely great stress. As a result, bump fracture tends to
occur at this portion and thus the lifetime of those bumps
decreases, which shortens the lifetime of the semiconductor
device itsell.

As shown 1n FIG. 12, Japanese Unexamined Patent Appli-
cation Publication (JP-A) No. 2001-210749 (Patent Docu-

ment 1) discloses a wiring substrate wherein the size of
bumps at four corners of the wiring substrate 1s set greater for
increasing the connection strength of those bumps.

On the other hand, as shown 1n FIG. 13, Japanese Unex-
amined Patent Application Publication (JP-A) No. Hei
09-162531 (Patent Document 2) discloses a bump arrange-
ment structure wherein the contour of a bump arrangement at
the outer peripheral portions of a substrate 1s set concentric
with the center of the substrate to thereby prevent stress from
concentrating on specific bumps to cause fracture of those
bumps.

These prior art structures are each considered to have some
elfect against the occurrence of bump fracture at the four
corners of the generally grid-shaped bump arrangement, but
the effect 1s not suilicient. This 1s because it 1s not necessarily
only at the four comers of the semiconductor device where
the stress tends to concentrate and cause bump Iracture.

Japanese Unexamined Patent Application Publication (JP-
A) No. 2005-183934 (Patent Document 3) discloses a multi-
chip semiconductor device in which upper and lower chips
are bump-connected to each other and the upper chip 1s dis-
posed so as to be shifted relative to the lower chip, wherein the
center of gravity of the upper chip 1s set to fall within a
connecting bump region between the upper and lower chips,
thereby improving the connection between the upper and
lower chips. However, even 11 the bump connection between
the upper and lower chips 1n the semiconductor device can be
improved, no teaching 1s grven about a measure for improving
the bump connection between the semiconductor device and
a mounting board.

As another known example of strengthening the bump
connection, Japanese Unexamined Patent Application Publi-
cation (JP-A) No. 2000-13844°/ (Patent Document 4) dis-
closes a structure 1n which lands on the mounting board side
cach have a concave-convex shape. On the other hand, Japa-
nese Unexamined Patent Application Publication (JP-A) No.
2004-079559 (Patent Document 5) discloses a technique of
shifting bump arrays by a half pitch to narrow bump intervals,
thereby achieving a high-density bump arrangement.

Japanese Unexamined Patent Application Publication (JP-
A)No. He110-012620 (Patent Document 6) discloses a struc-
ture 1n which large-diameter bumps or dummy bumps are
disposed as auxiliary bumps at the outer peripheral portions
of a bump arrangement.

SUMMARY

However, any of the above related art technologies cannot
be said to be a measure against fracture of specific bumps
caused by biased stress concentration on those bumps which
1s generated by disposing a semiconductor chip so as to be
shifted 1n one direction from the center of a wiring substrate.

The present mvention provides a semiconductor device
with an 1mproved bump structure of a wiring substrate,
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wherein a semiconductor chip 1s mounted so as to be shifted
from the center of the wiring substrate.

According to one aspect of one embodiment, a ball grid
array (BGA) semiconductor device comprises a wiring sub-
strate, a semiconductor chip disposed on one surface side of
the wiring substrate, and a bump arrangement as external
terminals disposed on a surface side, opposite to the one
surface side, of the wiring substrate. The semiconductor chip
1s mounted so that a center of the semiconductor chip is
shifted from a center of the semiconductor device by one
pitch or more of the bump arrangement, and the bump
arrangement has a reinforcing structure for a bump array
located at a position farthest from the center of the semicon-
ductor device 1n a shift direction of the semiconductor chip.

Preferably, the reinforcing structure 1s a structure 1n which
dummy bumps are formed on an outer side of the bump array
located at the position farthest from the center of the semi-
conductor device 1n the shift direction of the semiconductor
chup.

Alternatively, the reinforcing structure may be a structure
in which a center of the bump arrangement 1s shifted from the
center of the semiconductor device by one pitch or more of
the bump arrangement 1n the shift direction of the semicon-
ductor chip.

The reinforcing structure may be a structure in which lands
of the wiring substrate, fixed with the bump array located at
the position farthest from the center of the semiconductor
device 1n the shift direction of the semiconductor chip, each
have a concave-convex shape.

Alternatively, the reinforcing structure may be a structure
in which bumps of the bump array, located at the position
tarthest from the center of the semiconductor device in the
shift direction of the semiconductor chip, are formed to be
larger 1n si1ze than bumps of bump arrays at other positions.

In another embodiment, a ball grnid array (BGA) semicon-
ductor device comprises a wiring substrate, a plurality of
semiconductor chips disposed on one surface side of the
wiring substrate, and a bump arrangement as external termi-
nals disposed on a surface side, opposite to the one surface
side, of the wiring substrate; wherein at least one of the
plurality of semiconductor chips 1s mounted so that a center of
the at least one of the plurality of semiconductor chips 1s
shifted from a center of the semiconductor device by one
pitch or more of the bump arrangement, the bump arrange-
ment has a reinforcing structure for a bump array located at a
position farthest from the center of the semiconductor device
in a shift direction of the at least one of the plurality of
semiconductor chips, and the plurality of semiconductor
chips have a stacked structure in which the semiconductor
chips are mounted so as to be shifted farther from the center
of the semiconductor device as the semiconductor chips are
located farther from the wiring substrate 1n a stacking direc-
tion.

In a further embodiment, there 1s provided a method of
manufacturing ball grid array (BGA) semiconductor devices
cach comprising a wiring substrate, a plurality of semicon-
ductor chips disposed on one surface side of the wiring sub-
strate, and a bump arrangement as external terminals dis-
posed on a surface side, opposite to the one surface side, of the
wiring substrate. The method comprises the steps of: prepar-
ing a wiring base substrate having a plurality of wiring sub-
strate regions arranged in a matrix; and forming a chip-
mounted wiring base substrate having a semiconductor chip
on one surface side of each of the wiring substrate regions of
the wiring base substrate, the semiconductor chip disposed so
as to be shifted 1n one direction with respect to a position
which s to be a center of a semiconductor device. The method
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turther comprises forming a multichip-mounted wiring base
substrate by stacking another semiconductor chip so as to be
shifted in the one direction with respect to the semiconductor
chip in each of the wiring substrate regions of the chip-
mounted wiring base substrate; forming a sealed wiring base
substrate by covering entirely the semiconductor chips of the
multichip-mounted wiring base substrate with a sealing resin;
forming a bump-mounted wiring base substrate having a
bump arrangement on a surface side, opposite to the one
surface side where the semiconductor chips are stacked, of
cach of the wiring substrate regions of the sealed wiring base
substrate, the bump arrangement having a reinforcing struc-
ture for a bump array located at a position farthest in the one
direction from the position which 1s to be the center of the
semiconductor device; and dicing the bump-mounted wiring
base substrate 1into pieces for the wiring substrate regions,
respectively, to provide the semiconductor devices.

According to this mvention, in a semiconductor device
having a structure in which a semiconductor chip is largely
shifted to one side, a bump arrangement has a reinforcing,
structure for a bump array located at a position farthest from
the center of the semiconductor device 1n a shiit direction of
the semiconductor chip and, therefore, 1t 1s possible to relax
stress concentration on specific bumps or strengthen those
specific bumps.

In an embodiment, since a bump arrangement has a rein-
forcing structure for a bump array located at a position far-
thest from the center of a semiconductor device in a shift
direction of a semiconductor chip, 1t 1s possible to relax stress
concentration on specific bumps or strengthen those specific
bumps.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present invention
will be more apparent from the following description of cer-
tain preferred embodiments taken 1n conjunction with the
accompanying drawings, in which:

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

FIG. 2 1s a plan view of the semiconductor device of FIG.
1 as seen from 1its lower side;

FIGS. 3a-1, 3b-1, 3a-2, 3b-2, 3a-3, 3b-3, 3c, 3d, and 3e are
sectional views for explaining manufacturing processes of
semiconductor devices each according to the first embodi-
ment of this invention;

FIG. 4 1s a sectional view of a semiconductor device
according to a second embodiment of this invention;

FIG. 5 1s a plan view of the semiconductor device of FIG.
4 as seen from 1ts lower side:

FIG. 6 1s a sectional view of a semiconductor device
according to a third embodiment of this invention;

FIG. 7 1s a plan view of the semiconductor device of FIG.
6 as seen from 1its lower side;

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

FIG. 9 15 a plan view of the semiconductor device of FIG.
8 as seen from 1ts lower side;

FIG. 10 1s a sectional view of a related-art semiconductor
device;

FIG. 11 1s a plan view of the semiconductor device of FIG.
10 as seen from 1its lower side;

FIG. 12 1s a plan view 1llustrating a prior art bump arrange-
ment of a wiring substrate; and
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FIG. 13 1s a plan view 1llustrating another prior art bump
arrangement ol a wiring substrate.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Embodiments of this invention will be described with ref-
erence to the drawings.

First Exemplary Embodiment

FIG. 1 1s a sectional view of a semiconductor device
according to a first embodiment of this invention. FIG. 2 1s a
plan view of the semiconductor device ol FIG. 1 as seen from
its terminal surface side.

The semiconductor device, generally denoted by numeral
1, of the first embodiment comprises a generally square wir-
ing substrate 2. The wiring substrate 2 1s, for example, a glass
epoxy substrate with a thickness of 0.25 mm and 1s formed
with predetermined wiring patterns. A plurality of connection
pads 3 are formed on one surface of the wiring substrate 2.
Further, a plurality of lands 4 are formed on the other surface
of the wiring substrate 2. The connection pads 3 and the
corresponding lands 4 are electrically connected together by
the wiring patterns of the wiring substrate 2. Further, bumps
5 such as, for example, solder balls that respectively serve as
external terminals are mounted on the lands 4, respectively.

In FIG. 1, for brevity of illustration, the number of the lands
4 and the bumps 5 on the terminal surface side of the wiring
substrate 2 1s largely reduced as compared with an actual
number thereof, thereby providing a schematic illustration.
However, actually, as shown 1n FI1G. 2, the external terminals
5 are arranged 1n a generally grid pattern at a predetermined
interval (pitch) and, 1n this example, the number thereof 1s
eight 1n the length direction (vertical direction in FIG. 2) and
nine 1n the width direction (horizontal direction 1n FIG. 2),
including a bump reinforcing structure.

On the one surface of the wiring substrate 2, a plurality of
semiconductor chips 6 are fixedly mounted 1n a stacked man-
ner through an insulating adhesive such as, for example, a
DAF (die attach film) 7. For the purpose of ensuring a space
tor wires 9 that connect the chips 6 and the wiring substrate 2
to each other, there 1s one or more chips 6 disposed so that the
center or centers thereol are largely shifted (shifted by one
pitch or more of the bump arrangement) 1n one direction (to
the side A 1n FIGS. 1 and 2) from the center of the semicon-
ductor device 1. Each semiconductor chip 6 1s formed with,
for example, a logic circuit or amemory circuit on one surface
thereol. Further, a plurality of electrode pads 8 are formed on
the one surface of each semiconductor chip 6 at positions near
the outer edge thereof.

The electrode pads 8 of the semiconductor chips 6 are
clectrically connected to the corresponding connection pads 3
of the wiring substrate 2 through the conductive wires 9,
respectively, each made of a conductive material such as, for
example, Au or Cu.

Further, a sealing body 10 1s formed over the one surface of
the wiring substrate 2 so as to cover the semiconductor chips
6 and the wires 9. The sealing body 10 1s made of a thermo-
setting resin such as, for example, an epoxy resin.

As described above, the bumps 3 are mounted on the lands
4 formed on the other surface of the wiring substrate 2 whose
one surface 1s covered with the sealing body 10. As also
described above, the bumps 3 are arranged as the external
terminals 1n the generally grid pattern at the predetermined
interval as shown 1n FIG. 2.
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As shown in FIGS. 1 and 2, this embodiment 1s configured
such that, with respect to an outermost bump array 5-1 dis-
posed at a position farthest from the center of the wiring
substrate 2 1n the chip shitt direction (on the side A in FIGS.
1 and 2), 1.¢. at a portion where the stress concentrates most,
a dummy bump array 5-2 i1s additionally disposed on a side
turther away from the center of the wiring substrate 2 1n the
chip shift direction so as to relax the stress that concentrates
on the bump array 5-1, thereby making it possible to prolong
the lifetime of the bump array 5-1. This further makes 1t
possible to improve the lifetime of the semiconductor device.
The dummy bump array 5-2 is for reinforcing the bump array
5-1, but not for electrical connection to the semiconductor
chips 6, and thus does not need to be electrically connected to
the semiconductor chips 6.

The relationship among the wiring substrate 2, the semi-
conductor chips 6, and the bump arrangement 1n this embodi-
ment will be further described. In the grid-shaped bump
arrangement, the bumps 5 are arranged at rectangular grid
points, a first arrangement direction 1s substantially parallel to
a first side of the generally square wiring substrate 2, and a
second arrangement direction perpendicular to the first
arrangement direction 1s substantially parallel to a second
side, perpendicular to the first side, of the wiring substrate 2.
Each semiconductor chip 6 has a substantially rectangular
shape and 1s mounted with 1ts mutually perpendicular sides
arranged parallel to the first and second sides of the wiring
substrate 2, respectively.

Referring now to FIGS. 3a-1, 3b-1, 3a-2, 3b-2, 3a-3, 3b-3,
3c, 3d, and 3e, a manufacturing method of semiconductor
devices each according to the first embodiment will be
described.

A wiring base substrate for use 1n manufacturing the semi-
conductor devices each according to the first embodiment 1s a
substrate made of a glass epoxy material and has a plurality of
product forming regions. The product forming regions are
arranged 1n a matrix and dicing lines are formed between the
respective product forming regions. Each product forming
region defined by the dicing lines will serve as a wiring
substrate 2 of each semiconductor device. Each product form-
ing region has the same structure as that of the wiring sub-
strate 2 of the semiconductor device 1llustrated in FIGS. 1 and
2, wherein a plurality of connection pads 3 are formed along
a portion, where a semiconductor chip 6 will be mounted, on
one surface side of the product forming region and a plurality
of lands 4 are formed so as to be arranged 1n a grid pattern on
the other surface side thereof. The connection pads 3 and the
corresponding lands 4 are electrically connected together by
wiring patterns. The lands 4 are disposed so that bumps made
of, for example, solder balls can be formed on predetermined
positions 1n a later ball mounting process. That 1s, there 1s
prepared the wiring base substrate having a large number of
the product forming regions each formed with the connection
pads 3 and the lands 4.

Then, the wiring base substrate 1s subjected to a die bond-
ing process where, as shown 1n FIG. 3a-1, a semiconductor
chip 6 1s mounted at a central portion of each product forming
region. The semiconductor chip 6 1s fixed on each product
forming region through, for example, an insulating adhesive
DAF (die attach film) 7 using a non-illustrated die bonding
apparatus.

Then, the wiring base substrate having been subjected to
the die bonding process 1s subjected to a wire bonding process
where, as shown 1n FIG. 3b-1, electrode pads 8 of the semi-
conductor chips 6 and the corresponding connection pads 3 of
the wiring base substrate are electrically connected together
through conductive wires 9 made of, for example, Au, respec-
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tively. The wire bonding 1s performed in the following man-
ner. That 1s, using a non-illustrated wire bonding apparatus, a
wire melted and formed with a ball at its tip 1s bonded to the
clectrode pad 8 by ultrasonic thermocompression bonding,
then, while describing a predetermined loop, a rear end of the
wire 1s bonded to the corresponding connection pad 3 by
ultrasonic thermocompression bonding, thereby achieving
clectrical connection between the pads. All the electrode pads
8 and the connection pads 3 are electrically connected
together by the wires 9, respectively.

In the case of amultichip structure, the die bonding process
and the wire bonding process are carried out a plurality of
times so as to dispose a predetermined number of chips 6 at
predetermined positions and to establish wire connection
between electrode pads 8 on the predetermined chip 6 and
corresponding electrode pads 8 on the predetermined chip 6
or corresponding connection pads 3 on the wiring base sub-
strate 1n each product forming region. In the case of stacking

three chips 6, the die bonding and the wire bonding are
repeated 1n order of FIGS. 3a-2, 3b-2, 3a-3, and 3b-3 after

FIGS. 3a-1 and 3b-1.

As another manufacturing method, the die bonding process
may be performed 1n advance for all necessary chips to
thereby complete the die bonding process and then the wire
bonding process may be performed collectively. In the case of
this manufacturing method, 1t 1s possible to prevent the occur-
rence of manufacturing failure of damaging wire-bonded
wires by the die bonding operation for second or subsequent
chips and to shorten the apparatus setting time by continu-
ously performing the die bonding operation and continuously
performing the wire bonding operation.

Then, the wiring base substrate having been subjected to
the die bonding and the wire bonding is subjected to a mold-
ing process. In the molding process, while clamping the wir-
ing base substrate between upper and lower dies of a transfer
molding apparatus (not illustrated), a molten sealing resin
such as, for example, a molten thermosetting epoxy resin 1s
filled 1nto a cavity between the upper and lower dies and then
1s heat-cured, thereby forming a sealing portion collectively
covering all the product forming regions as shown in FIG. 3c.
Using the collective molding, a sealing body 10 can be
formed efficiently.

Then, the wiring base substrate formed with the sealing
portion 1s subjected to a ball mounting process. In the ball
mounting process, external terminals are formed by mounting,
solder balls 3 on the lands 4 arranged on the other surface side
of the wiring base substrate as shown 1n FIG. 3d. In the ball
mounting process, for example, using a mounting tool 21 of a
ball mounter, the solder balls 5 are vacuum-sucked and then
mounted on the lands 4 of the wiring base substrate through
flux. Thereafter, by applying reflow to the wiring base sub-
strate, the solder balls 5 are fixedly joined to the lands 4 so that
the bumps 5 are formed.

Then, the wiring base substrate formed with the bumps 5 1s
subjected to a substrate dicing process. In the substrate dicing
process, as shown in FIG. 3e, the sealing portion 1s fixedly
bonded to a dicing tape 23 and then the wiring base substrate
1s ground along the dicing lines by a dicing blade 22 rotating
at high speed, thereby cutting and separating the wiring base
substrate into pieces corresponding to the respective product
forming regions. Therealter, by picking up the cut and sepa-
rated pieces Irom the dicing tape 23, there are obtained semi-

conductor devices each as shown 1n FIGS. 1 and 2.

Second Exemplary Embodiment

FIG. 4 1s a sectional view of a semiconductor device
according to a second embodiment of this invention and FIG.
5 1s a plan view of the semiconductor device of FI1G. 4 as seen
from below.
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In FIG. 4, for brevity of illustration, the number of lands 4
and bumps 3 on the terminal surface side of a wiring substrate
2 1s largely reduced as compared with an actual number
thereof, thereby providing a schematic illustration. However,
actually, as shown 1n FIG. §, the bumps are arranged 1n a
matrix with eight bumps 1n the vertical direction (FIG. 5) and
eight bumps 1n the horizontal direction (FIG. 5).

Retferring to FIGS. 4 and 5, in this embodiment, for the
purpose of relaxing stress to a bump array 5-1 disposed at a
position farthest from the center of the semiconductor device
in a shift direction of a semiconductor chip 6 (by one pitch or
more of the bump arrangement), 1.e. at a portion where the
stress concentrates most, the bump arrangement 1n its entirety
1s shifted by one pitch or more of the bump arrangement from
the center of the semiconductor device 1n the same direction
as the chip shift direction. Since the number of the bumps
increases at a portion where the stress concentrates due to the
chip shift, the stress can be dispersed and relaxed and, there-
fore, 1t 1s possible to improve the lifetime of the outermost
bump array 3-1 and thus to improve the lifetime of the semi-
conductor device.

Third Exemplary Embodiment

FIG. 6 1s a sectional view of a semiconductor device
according to a third embodiment of this invention and FIG. 7
1s a plan view of the semiconductor device of FIG. 6 as seen
from below.

In FIG. 6, for brevity of i1llustration, the number of lands 4
and bumps 3 on the terminal surface side of a wiring substrate
2 1s largely reduced as compared with an actual number
thereol, thereby providing a schematic 1llustration. However,
actually, as shown in FIG. 7, the bumps are arranged 1n a
matrix with eight bumps 1n the vertical direction (FIG. 7) and
eight bumps 1n the horizontal direction (FI1G. 7).

Referring to FIGS. 6 and 7, in this embodiment, lands 4-1
cach have a concave-convex shape, wherein the lands 4-1
correspond to a bump array 5-1 disposed at a position farthest
from the center of the semiconductor device 1n a shift direc-
tion of a semiconductor chip 6 (by one pitch or more of the
bump arrangement), 1.€. at a portion where the stress concen-
trates most. This makes 1t possible to increase the bonding
strength between the lands 4-1 and the bumps 5-1 and, there-
fore, 1t 1s possible to improve the lifetime of the outermost
bump array 5-1 and thus to improve the lifetime of the semi-
conductor device.

Fourth Exemplary Embodiment

FIG. 8 1s a sectional view of a semiconductor device
according to a fourth embodiment of this invention and FIG.
9 1s a plan view of the semiconductor device of FI1G. 8 as seen
from below.

In FIG. 8, for brevity of illustration, the number of lands 4
and bumps 5 on the terminal surface side of a wiring substrate
2 1s largely reduced as compared with an actual number
thereof, thereby providing a schematic illustration. However,
actually, as shown 1n FIG. 9, the bumps are arranged 1n a
matrix with eight bumps 1n the vertical direction (FI1G. 9) and
cight bumps 1n the horizontal direction (FI1G. 9).

Referring to FIGS. 8 and 9, in this embodiment, with
respect to a bump array 5-1 disposed at a position farthest
from the center of the semiconductor device 1n a shift direc-
tion of a semiconductor chip 6 (by one pitch or more of the
bump arrangement), 1.e. at a portion where the stress concen-
trates most, lands 4-3 and bumps 5-3 are formed to be larger
in size than the other lands and bumps. This makes 1t possible
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to increase the bonding strength between the lands 4-3 and the
bumps 5-3 and the bonding strength between the bumps 5-3
and the mounting board side and, therefore, it 1s possible to
improve the lifetime of the outermost bump array 5-1 and thus
to improve the lifetime of the semiconductor device.

While the several embodiments have been described
above, this invention 1s not limited thereto, butis applicable to
any types of bonding portions such as precoats by solder
printing, half bumps, and tlip-chip bumps.

Further, there 1s no limitation to the number of semicon-
ductor chips as long as a semiconductor chip 1s shifted with
respect to the center of a semiconductor device.

Further, 1n the foregoing embodiments, the reinforcement
1s carried out only for the outermost bump array in the chip
shift direction. However, the reinforcement may also be
applied to the second bump array or the second and third
bump arrays from the outermost bump array and, 1n this case,
a Turther lifetime improving effect for a semiconductor device
1s expected.

According to this mvention, particularly in the case of a
semiconductor device having a structure in which one or
more semiconductor chips are largely shifted to one side like
a MCP (multichip package), improvement in reliability of a
semiconductor device itself 1s expected by relaxing biased
stress concentration on specific bumps or strengthening those
specific bumps.

Further, since this invention relates to a reinforcing struc-
ture for a portion where the stress concentrates, the required
area on a bump mounting surface of a wiring substrate may
remain the same as that on a conventional product and only
partial improvement 1s sufficient for embodying this mven-
tion. Therefore, new package development with significant
changes such as a change 1n size 1s not required and thus 1t 1s
possible to suppress the cost such as the development cost.

Although this invention has been described 1n conjunction
with exemplary embodiments thereolf, it will be appreciated
by those skilled 1n the art that those embodiments are pro-
vided for 1llustrating the invention, and should not be relied
upon to construe the appended claims 1n a limiting sense.

What 1s claimed 1s:

1. A semiconductor device comprising:

a wiring substrate including an upper surface, a lower
surface opposed to the upper surface, a plurality of con-
nection pads formed on the upper surface so that the
connection pads are positioned adjacent to a first side of
the wiring substrate;

a {irst semiconductor chip mounted over the upper surface
of the wiring substrate the first semiconductor chip elec-
trically connected to an associated one of the connection
pads;

a second semiconductor chip stacked over the first semi-
conductor chip so that a center of the second semicon-
ductor chip 1s deviated from a center of the wiring sub-
strate toward a second side opposed to the first side of the
wiring substrate, the second semiconductor chip electr-
cally connected to an associated one of the connection
pads;

a sealing resin formed on the upper surface of the wiring
substrate to cover the first semiconductor chip and the
second semiconductor chip; and

a plurality of external terminals formed on the lower sur-
face of the wiring substrate, the plurality of external
terminals including a first external terminal that 1s elec-
trically connected to the associated one of the connec-
tion pads, and a second external terminal that 1s not
clectrically connected to the associated one of the con-
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nection pads, the second external terminal being posi-
tioned adjacent to the second side of the wiring substrate
and under the sealing resin,

wherein the second external terminal 1s arranged adjacent
to the second side of the wiring substrate without arrang-
ing adjacent to the first side.

2. The semiconductor device according to claim 1, further

comprising;

a conductive wire disposed between the connection pad
and the first semiconductor chip, the connection pad of
the wiring substrate being electrically connected to the
first semiconductor chip through the conductive wire.

3. The semiconductor device according to claim 1, wherein
the plurality of external terminals are arranged 1n a grid pat-
tern at a predetermined pitch, the center of the second semi-
conductor chip 1s shifted from the center of the wiring sub-
strate to the second side of the wiring substrate by one or more
of the predetermined pitch.

4. The semiconductor device according to claim 1, wherein
the plurality of the external terminals include a plurality of
second external terminals that are positioned along the sec-
ond side of the wiring substrate.

5. The semiconductor device according to claim 1, wherein
the plurality of external terminals 1nclude a plurality of first
external terminals that are arranged 1n a grid pattern, and

wherein the second external terminals are arranged
between the second side of the wiring substrate and a
corresponding one of the first external terminals that 1s
arranged nearest to the second side of the wiring sub-
strate.

6. The semiconductor device according to claim 1, wherein
an edge of the second semiconductor chip 1s extended from an
edge of the first semiconductor chip to adjacent to the second
side of the wiring [board] substrate in plan view, and

the second external terminal i1s positioned between the
edge of the first semiconductor chip and the edge of the
second semiconductor chip 1n plan view.

7. A semiconductor device comprising:

a wiring substrate mncluding an upper surface, a lower
surface opposed to the upper surface, a plurality of con-
nection pads formed on the upper surface so that the
connection pads are positioned adjacent to a first side of
the wiring substrate;

a first semiconductor chip mounted over the upper surface
of the wiring substrate, the first semiconductor chip
clectrically connected to an associated one of the con-
nection pads;

a second semiconductor chip stacked over the first semi-
conductor chip so that a center of the second semicon-
ductor chip 1s deviated from a center of the wiring sub-
strate toward a second side opposed to the first side o the
wiring substrate, the second semiconductor chip electri-
cally connected to an associated one of the connection
pads;

a scaling resin formed on the upper surface of the wiring
substrate to cover the first semiconductor chip and the
second semiconductor chip; and

a plurality of external terminals formed on the lower sur-
face of the wiring substrate so that the external terminals
are arranged 1n a grid pattern, and a center of the gnd
pattern is deviated from a center of the wiring [board]
substrate toward the second side of the wiring substrate.

8. The semiconductor device according to claim 7, further
comprising;

a first conductive wire electrically connected the first semi-

conductor chip to the associated one of connection pads,
and
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a second conductive wire electrically connected the second
semiconductor chip to the associated one of the connec-
tion pads.

9. The semiconductor device according to claim 7, wherein
all of the external terminals are arranged under the sealing
resin 1n plan view.

10. A semiconductor device comprising:

a wiring substrate including an upper surface, a lower
surface opposed to the upper surface, a connection pad
formed on the upper surface so that the connection pad 1s
positioned adjacent to a first side of the wiring substrate;

a first semiconductor chip mounted over the upper surface
of the wiring substrate, the first semiconductor chip
clectrically connected to an associated one of the con-
nection pads;

a second semiconductor chip stacked over the first semi-
conductor chip so that a center of the second semicon-
ductor chip 1s deviated from a center of the wiring sub-
strate toward a second side opposed to the first side of the
wiring substrate, the second semiconductor chip electri-
cally connected to an associated one of the connection
pads;

a sealing resin formed on the upper surface of the wiring
substrate to cover the first semiconductor chip and the
second semiconductor chip; and

a plurality of external terminals formed on the lower sur-
face of the wiring substrate, the plurality of external
terminals including a first external terminal that 1s elec-
trically connected to the associated one of the connec-
tion pads, and a second external terminal positioned
adjacent to the second side of the wiring substrate and
under the scaling resin, wherein the second external
terminal 1s larger 1n size than the first external terminal,

wherein the second external terminal 1s arranged adjacent
to the second side of the wiring substrate without arrang-
ing adjacent to the first side.

11. The semiconductor device according to claim 10, fur-

ther comprising:

a first conductive wire electrically connected the first semi-
conductor chip to the associated one of connection pads,
and

a second conductive wire electrically connected the second
semiconductor chip to the associated one of the connec-
tion pads.

12. The semiconductor device according to claim 10,
wherein the plurality of external terminals include a plurality
of second external terminals that are positioned along the
second side of the wiring substrate.

13. The semiconductor device according to claim 10,
wherein the plurality of external terminals include a plurality
of first external terminals that are arranged 1n a grid pattern,
and

wherein the second external termuinals arc arranged
between the second side of the wiring substrate and a
corresponding one of the first external terminals that 1s
nearest to the second side of the wiring substrate.

14. A semiconductor device comprising:

a plurality of chips mounted in a stack on a first surface of

a substrate, each chip being offset from a lower chip in
the divection of a first side of the substrate:

a plurality of wires respectively connecting each of the
plurality of chips to a plurality of pads on the first sur-
Jace of the substrate;

a sealing vesin covering the plurality of chips and the wires
on the first surface of the substrate; and

a plurality of solder balls mounted on a rectangular array
of lands located on a second surface of the substrate
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opposite the first surface, wherein the plurality of pads
are connected to the lands and one or more vows of lands
closest to the first side of the substrate have a concave-
convex shape different than other lands in the array of
lands, and

the one or movre rows of lands are arvanged adjacent to the
first side without arranging adjacent to a second side
opposed to the first side of the substrate.

15. The semiconductor device as claimed in claim 14
wherein the array of lands is centered with respect to the
center of the substrate.

16. A semiconductor device comprising:

a wiring substrate including an upper surface, a lower
surface opposed to the upper surface, a plurality of
connection pads formed on the upper surface so that the
connection pads arve positioned adjacent to a first side of
the wirving substrate;

a first semiconductor chip mounted over the upper surface
of the wiring substrate, the first semiconductor chip
electrically connected to an associated one of the con-
nection pads;

a second semiconductor chip stacked over the first semi-
conductor chip so that a center of the second semicon-
ductor chip is deviated from a center of the wiring sub-
strate toward a second side opposed to the first side of
the wiring substrate, the second semiconductor chip
electrically connected to an associated one of the con-
nection pads; and

a plurality of external terminals formed on the lower sur-
Jace of the wiving substrate and electrically connected to
the connection pads,

wherein the plurality of external tevminals ave mounted on
a rvectangular array of lands located on the lower sur-
Jace of the wiring substrate, whevein the plurality of
connection pads ave connected to the lands and one or
more vows of lands closest to the second side of the
substrate have a concave-convex shape different than
other lands in the array of lands, and

the plurality of external terminals formed on the lower
surface of the wiring substrate so that the external ter-
minals ave arvanged in a grid pattern, and a center of the
grid pattern is deviated from a center of the wiring
substrate toward the second side of the wiring substrate.

17. The semiconductor device as claimed in claim 16
wherein the array of lands is centered with respect to the
center of the substrate.

18. The semiconductor device as claimed in claim 16
wherein a vow of lands closest to the first side of the wiring
substrate does not have a concave-convex shape.

19. The semiconductor device accorvding to claim 16, fur-
ther comprising.

conductive wires disposed between the connection pads
and the first semiconductor chip, the connection pads of
the wiring substrate being electrically connected to the
first semiconductor chip through the conductive wires.

20. The semiconductor device according to claim 16,
wherein the plurality of external terminals are arranged in a
grid pattern at a predetermined pitch, the center of the second
semiconductor chip is shifted from the center of the wiring
substrate to the second side of the wiring substrate by one or
morve of the predetermined pitch.

21. A semiconductor device comprising:

a wiring substrate including an upper surface, a lower
surface opposed to the upper surface, a plurality of
connection pads formed on the upper surface, the wiring
substrate having a first side;
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a first semiconductor chip mounted over the upper surface
of the wiring substrate the first semiconductor chip elec-
trically connected to an associated one of the connection
pads;

a second semiconductor chip stacked over the first semi-
conductor chip so that a center of the second semicon-
ductor chip is deviated from a center of the wiring sub-
strate toward a second side opposed to the first side of
the wiring substrate, the second semiconductor chip
electrically connected to an associated one of the con-
nection pads; and

a sealing vesin formed on the upper surface of the wiving
substrate to cover the first semiconductor chip and the
second semiconductor chip;

a plurality of external terminals formed on the lower sur-
Jace of the wirving substrate and electrically connected to
the connection pads,

whevrein the plurality of external terminals are mounted on
a rvectangular array of lands located on the lower sur-
Jace of the wiring substrate, whevein the plurality of
connection pads ave connected to the lands and one or
movre rows of lands closest to the second side of the
substrate have a concave-convex shape different than
other lands in the array of lands, and
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the one ov more rows of lands are arranged adjacent to the
second side of the substrate without arranging adjacent
to the first side.

22. The semiconductor device as claimed in claim 21
wherein the array of lands is centered with respect to the
center of the substrate.

23. The semiconductor device as claimed in claim 21
wherein a row of lands closest to the first side of the wiring
substrate does not have a concave-convex shape.

24. The semiconductor device according to claim 21, fur-
ther comprising.

conductive wires disposed between the connection pads

and the first semiconductor chip, the connection pads of
the wirving substrate being electrically connected to the
first semiconductor chip through the conductive wires.

25. The semiconductor device according to claim 21,
wherein the plurality of external terminals ave arvanged in a
grid pattern at a predetermined pitch, the center of the second
semiconductor chip is shifted from the center of the wiring
substrate to the second side of the wiring substrate by one or
morve of the predetermined pitch.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the claims:
Column 10, line 55 should read: a sealing resin formed on the upper surface of the wiring
Column 11, line 32 should read: under the sealing resin, wherein the second external

Column 11, line 53 should read: wherein the second external terminals are arranged
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