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STORAGE MEDIUM AND
SEMICONDUCTOR PACKAGE

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
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Morve than one reissue application has been filed relating

to the patent sought to be reissued. The present reissue
application is a continuation of U.S. Reissue Application No.
14/181,194, filed Feb. 14, 2014, currently pending, which is
a reissue of U.S. patent application Ser. No. 12/393,655,
filed Feb. 26, 2009, now U.S. Pat. No. 8,115,290, which
claims the benefit of Japanese Patent Application No. 2009-
218670, filed Sep. 3, 2009, the contents of all of which are

heveby incorporated by reference.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from the prior Japanese Patent Application No.
2008-049823, filed on Feb. 29, 2008; the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a storage medium and a
semiconductor package.

2. Description of the Related Art

In a storage medium that includes a semiconductor pack-
age and a mounting substrate on which the semiconductor
package 1s mounted, 1t has been desired to further downsize
the storage medium with a larger capacity. Conventionally,
as one of the methods for realizing downsizing storage
mediums with a larger capacity, there has been proposed the
use of a semiconductor package of various types such as a
ball grid array (BGA) and a land grid array (LGA).

In a BGA semiconductor package or LGA semiconductor
package, unlike a semiconductor package of a thin small
outline package (TSOP), electrodes are arranged on the
bottom surface of a resin encapsulation, and thus the elec-
trodes (leads) do not extend from the periphery (end surface)
of the resin encapsulation. At the time of mounting on the
mounting substrate, the resin encapsulations of the adjacent
packages can be placed close to each other, and this can
achieve a high density of a semiconductor chip and down-
s1zing ol a storage medium. Conventionally, to achieve a
higher density of the semiconductor chip, there has been also
proposed a semiconductor package of a multi chip package
(MCP) 1n which a plurality of semiconductor chips are
stacked and encapsulated 1n a single package.

In such a semiconductor package, while 1t 1s possible to
achieve a high density thereof and downsizing of the storage
medium, a large number of electrodes are placed on the
bottom surface of the resin encapsulation. The large number
of electrodes formed on the bottom surface of the resin
encapsulation are generally formed in a rectangular gnid
shape. However, to improve the reliability, the electrodes
formed at the corners in the array are not used for transier-
ring and receiving a signal. This 1s because cracks can be
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casily generated at the corners of the package (for example,
see Japanese Patent Application Laid-open No. 2007-
207397).

However, a storage medium on which such a semicon-
ductor package 1s mounted has been desired to have a higher
reliability. Recently, a storage medium in which a non-
volatile semiconductor memory 1s incorporated has been
used 1n various areas ranging from large-scale computers to
personal computers, household appliances, cellular phones
and the like. Further, such a storage medium 1s even con-
sidered as an alternative to a hard disk drive (HDD).
Therefore, a more reliable storage medium with excellent
impact resistance and temperature cycle resistance has been
desired.

BRIEF SUMMARY OF THE INVENTION

A storage medium according to an embodiment of the
present invention comprises: a semiconductor package hav-
ing a semiconductor chip, a resin that encapsulates the
semiconductor chip, and a plurality of electrodes arrayed on
a bottom surface of the resin; and a substrate including a
conductor that joins the electrodes, and having the semicon-
ductor package mounted thereon, wherein the electrodes
include a signal electrode formed within a central region of
the array, and a dummy electrode formed outside of the
signal electrode.

A semiconductor package according to an embodiment of
the present mvention comprises: a semiconductor chip; a
wiring substrate having the semiconductor chip mounted on
a first surface; and a plurality of projection electrodes
formed on a second surface opposite to the first surface of
the wiring substrate, wherein a bonding pad to which a
bonding wire extending from the semiconductor chip 1s
connected 1s formed at an edge of the first surface on the
wiring substrate, and a plurality of projection-electrode
forming pads for forming the projection electrodes are
arrayed and formed 1n a lattice on the second surface, and the
projection-electrode forming pads for a power supply line
formed within a central region of the array and a pattern
extending to a second surface side on the wiring substrate
via a through hole from the bonding pad are connected via
the projection-electrode forming pads for a dummy elec-
trode formed within an outer region of the array.

A semiconductor package according to an embodiment of
the present mvention comprises: a semiconductor chip; a
wiring substrate having the semiconductor chip mounted on
a first surface; and a plurality of projection electrodes
formed on a second surface opposite to the first surface of
the wiring substrate, wherein a bonding pad to which a
bonding wire extending from the semiconductor chip 1s
connected 1s formed at an edge of the first surface on the
wiring substrate, and a plurality of projection-electrode
forming pads for forming the projection electrodes are
formed on the second surface, and a pattern extending to the
second surface of the wiring substrate via a through hole
from the bonding pad 1s connected to the projection-elec-
trode forming pads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a storage medium accord-
ing to a first embodiment of the present invention;

FIG. 2 1s a cross-sectional view of a part having a
semiconductor package of an SSD mounted thereon;
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FIG. 3 depicts an arrangement of signal electrodes and
dummy electrodes of a storage medium according to the first

embodiment;

FIG. 4 1s an enlarged partial cross-sectional view of a
detailed structure of a semiconductor package;

FIG. § depicts connection of bonding wires to semicon-
ductor chips;

FIG. 6 depicts a logarithm graph for comparing a mount-
ing reliability by a temperature cycle test for a BGA semi-
conductor package and a TSOP semiconductor package;

FIG. 7 depicts an arrangement of signal electrodes and
dummy electrodes of a storage medium according to a
second embodiment of the present invention;

FIG. 8 depicts an arrangement of signal electrodes and
dummy electrodes of a storage medium according to a third
embodiment of the present mvention;

FIG. 9 depicts an arrangement of signal electrodes and
dummy electrodes of a storage medium according to a fourth
embodiment of the present ivention;

FIG. 10 depicts a part of a wiring pattern on a second
surface of a conventional wiring substrate;

FIG. 11 1s a cross-sectional view ol a part having a
semiconductor package according to a fifth embodiment of
the present mnvention mounted thereon;

FIG. 12 depicts wire-bonding of a semiconductor chip to
a wiring substrate of the fifth embodiment;

FI1G. 13 depicts a part of a wiring pattern on a first surface
of the wiring substrate of the fifth embodiment;

FIG. 14 depicts a part of a wiring pattern on a second
surface of the wiring substrate of the fifth embodiment;

FIG. 15 depicts a pin assignment of solder balls arranged
on the second surface on the wiring substrate; and

FIG. 16 1s an enlarged view of a part of linked pads shown
in FIG. 14.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

Exemplary embodiments of a storage medium and a
semiconductor package according to the present invention
will be explained below in detail with reference to the
accompanying drawings. The present mvention 1s not lim-
ited to the embodiments.

FIG. 1 1s a perspective view of a storage medium accord-
ing to a first embodiment of the present invention. A solid
state drive (SSD) 100, which 1s a storage medium, 1s a
module configured such that a plurality of semiconductor
packages are mounted on a mounting substrate (mother-
board) 30, which 1s a small rectangular substrate of 3
millimeters (mm) 1n thickness. The semiconductor packages
are BGA semiconductor packages 1n which each semicon-
ductor chip 1s encapsulated with a resin. Each semiconduc-
tor package includes eight semiconductor packages 40 each
incorporating a NAND flash memory as a non-volatile
memory, a sesmiconductor package 50 incorporating a drive
control circuit as a controller, a semiconductor package 60
incorporating a DRAM as a volatile memory, and a semi-
conductor package 70 incorporating a power supply circuit.
Furthermore, a connector 80 1s arranged on one of the short
sides of the outer periphery of the mounting substrate 30.

The outer dimension of the mounting substrate 30 1s
substantially the same 1n size as that of a 1.8-inch HDD,
according to the HDD standard. The connector 80 1s also
tabricated based on the HDD standard, and a high-speed
serial ATA that 1s the same as the HDD i1s adopted for an
interface. The semiconductor package 40 incorporating the
NAND flash memory 1s 14x18 mm 1n outer dimension, and
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1s a maximum of 1.46 millimeters in height from the
mounting substrate 30. This height 1s lower than 2.35
millimeters, that 1s, a height obtained by superposing two
TSOP semiconductor packages incorporating four semicon-
ductor chips (that 1s, a height when semiconductor chips
having thereon with eight chips are realized by the TSOP
semiconductor package) (according to the current limitation,
only up to four semiconductor chips can be encapsulated
with a resin 1n the TSOP semiconductor package).

FIG. 2 1s a cross-sectional view of a part having the
semiconductor package 40 incorporating the NAND flash
memory of the SSD 100 shown 1n FIG. 1 mounted thereon.
The semiconductor package 40 1s configured by eight semi-
conductor chips 5 each formed with a NAND flash memory,
a resin encapsulation 10, 1n an approximate flat-plate shape,
that encapsulates the semiconductor chips S with a resin, and
solder balls 20, as lattice electrodes, formed to be arrayed 1n
a lattice (grid shape) on the bottom surface of the resin
encapsulation 10. A multiple-valued technology for record-
ing any one of values “007, “017, “10”, and “11” for each
memory cell 1s adopted 1n the NAND flash memory, and a
capacity per device 1s further improved as compared to that
of a double-valued technology. A NAND flash memory that
can store up to 2 gigabytes 1s formed in each semiconductor
chip 5, and 128 gigabytes can be stored in the entire SSD
100. The number of semiconductor chips 1s not limited to
eight, and 1s changed appropriately depending on a capacity
of the storage medium or the like.

The resin encapsulation 10 includes a wiring substrate
(1interposer) 7, an encapsulation resin 8, and a bonding wire
9. On the wiring substrate 7, the semiconductor chips 5 are
mounted on a first surface (top surface), and the solder balls
20 are formed on a second surface (reverse surface) that
faces the first surface. The encapsulation resin 8 encapsu-
lates the eight semiconductor chips 5 with a resin on the first
surface side of the wiring substrate 7. The bonding wire 9
clectrically connects the semiconductor chip 5 and the
wiring substrate 7. The solder balls 20 are soldered and
joined to a joining conductor 31 that 1s formed as a wiring
pattern on the mounting substrate 30.

FIG. 3 depicts how the solder balls 20 are arrayed to form
a line lengthwise and crosswise, and also depicts the semi-
conductor package 40 as seen from the second surface side
of the wiring substrate 7. The solder balls 20 are formed to
be aligned lengthwise and crosswise on the second surface
of the wiring substrate 7. In the array of the solder balls 20,
there 1s a basic part (part surrounded by a long dash short
dash line 1 FIG. 3) that 1s so arrayed 1n an approximate
rectangular shape that 1ts center matches that of the wiring
substrate 7. In the basic part, about 16 solder balls form a
line 1n the long-side direction of the wiring substrate 7 while
about 12 solder balls form a line 1n the short-side direction
thereof. Further, at the four corners of the array, additional
one or two lines of solder balls 20 are formed on the outside.
The solder balls 20 are not arranged 1n a region worth 2x6
balls (part surrounded by a long dashed double short dashed
line) at the center of the wiring substrate 7 of the array.

The solder balls 20 thus formed are divided into signal
clectrodes 20A indicated by black circles in FIG. 3 and
formed within a predetermined region at the center of the
array indicated by the dashed line (hereinafter, “central
region”), and dummy electrodes 20B indicated by white
circles and formed on the outside of the signal electrodes
20A. The central region in which the signal electrodes 20A
are formed 1s a region having a width about 3 the entire
width 1n the long-side direction of the array. The signal
clectrodes 20A are formed and mixed with the dummy
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clectrodes 20B 1n the central region. On the other hand,
some of the dummy electrodes 20B are formed and mixed
with the signal electrodes 20A 1n the central region, as
described above. The remaining dummy electrodes spread
out 1n the both-side direction of the central region, and 1n this
area, only the dummy electrodes 20B are formed 1n an array
to occupy the remaining region on the wiring substrate.

The signal electrodes 20A are used for transierring and
receiving a signal, and function as data pins, command pins,
power supply pins (such as grounding and Vdd), and clock
pins, for example. Meanwhile, the dummy electrodes 20B
are not used for transierring and receiving a signal, but are
used for fixedly supporting the semiconductor package 40.
In this case, 224 solder balls 20 are formed, for example.
Among those, there are 30 signal electrodes 20A and 194
dummy electrodes 20B. That 1s, the ratio 1n number between
the signal electrodes 20A and the dummy electrodes 20B 1s
about 2:13, and the proportion of the number of signal
clectrodes 20A to the entire region 1s about 13%.

The 1mpact resistance and temperature resistance tests
performed by the inventors found out that in joining parts of
the lattice electrodes joined to the mounting substrate
through soldering or the like, cracks are generated due to
external stress such as impacts, and also due to solder fatigue
caused by a temperature cycle, from a jointing part with a
larger distance from the center, that 1s, from a joining part
positioned on the outer side of the array. The tests also
showed that there was a tendency that these cracks moved
gradually towards the inner side. Accordingly, in the first
embodiment, the signal electrodes 20A are formed on the
center side of the lattice array and the dummy electrodes
20B are formed on the outside of the array. This lengthens
the time taken unftil cracks are generated in the signal
clectrodes 20A, thereby improving the impact resistance and
temperature cycle resistance. Furthermore, the cracks tend to
appear first at the four corners of the array, that 1s, the
position with a large distance from the center. Therefore, in
the first embodiment, the additional one or two lines of the
dummy electrodes 20B are further formed on the outside of
the array at the four corners in the array. As a result, the
adhesiveness at the corners can be enhanced, thereby leading
to further improvement in the impact resistance and tem-

perature cycle resistance.

To achieve the effects described above, it 1s effective to
sufliciently increase the number of the dummy electrodes
20B placed around the signal electrodes 20A as compared to
the number of signal electrodes 20A. Based on this, as in the
first embodiment, when the number of the signal electrodes
20A was set to around 30 out of the total of 224 electrodes
(about 13%), 1t was possible to achieve favorable eflects
such as the impact resistance and temperature cycle resis-
tance.

With respect to the proportion of the signal electrodes
20A to all the electrodes, when the mventors adjusted the
number of the signal electrodes 1n a semiconductor package
ol 14x18 mm similar to that of the first embodiment, a major
ellect was gradually achieved as the signal electrodes were
reduced until the proportion of the number to the signal
clectrodes was made to about 10% (for example, 22 elec-
trodes out of 224 eclectrodes). However, even when the
number of signal electrodes was further reduced, there was
no remarkable increase in the eflect. When the same tests
were performed for a semiconductor package of a diflerent
s1ze 1n addition to the semiconductor package of 14x18 mm,
it was found that the same effect was achieved with an
approximately identical ratio.
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The solder balls 20 do not necessarily have to be formed
in alignment 1n a lattice at an equal pitch lengthwise and
crosswise. The solder balls 20 can also be irregularly formed
in groups (electrodes 1n a group) rather than at an equal
pitch. Further, with respect to the outer peripheral shape of
the group, not only square but also trapezoid, oval or the like
can be adopted. That 1s, from among the solder balls forming
the group, the signal electrodes are formed within a prede-
termined region of the center of the group and the dummy
clectrodes are formed on the outside of the signal electrodes,
and therefore the eflect substantially identical to that
described above can be achieved.

A more detailed configuration of the first embodiment 1s
explained. FIG. 4 1s an enlarged partial cross-sectional view
of a detailed structure of the semiconductor package 40.
Specifically, the wiring substrate 7 1s formed with a copper
wiring pattern 13 on the surface of a core material 11 made
of a resin material. The wiring substrate 7 1s so fabricated
that a copper foil 1s pasted on the plate-shaped core material
11, the surface 1s etched, for example, to form the copper
wiring pattern 13, and the surface 1s coated with a solder
resist 15 for the purposes of preventing oxidation to main-
tain isulation. A through hole not shown 1s formed 1n the
core material 11 1n a manner to match the array of the solder
balls 20, and the wiring pattern 13 1s so formed that 1t
penetrates the through hole to be exposed on the second
surface side of the wiring substrate 7. The solder balls 20 are
formed on the wiring pattern 13 exposed from the core
maternial 11, via an electrolytic plating 17 of either nickel or
aluminum.

The eight semiconductor chips 5 are stacked by being
fixed with a die attachung film 19 with one another. The die
attaching film 19 1s mixed with epoxy and polyamide, and
serves as an adhesive agent. The bonding wires 9 extending
from the semiconductor chips 5 are connected to the wiring
pattern 13 at the end of the wiring substrate 7. To enable an
casy connection of the bonding wires 9, the eight semicon-
ductor chips 5 are stacked in a slightly deviating manner.
That 1s, the semiconductor chips 3 on the upper side are
stacked to be deviated by a predetermined amount to a side
that faces the bonding wires 9 so that the other semicon-
ductor chips 5 overlapped on the upper side are not over-
lapped on the top surface of the periphery to which the
bonding wires 9 are connected. The semiconductor chips 5
are bonded with wiring for every two stacked semiconductor
chups 5, and this pattern 1s repeated four times to stack the
cight semiconductor chips. Thereafter, the encapsulation
resin 8 1s molded by a metal mold to cover the semicon-
ductor chips 3 and the bonding wires 9.

FIG. 5 depicts connection of the bonding wires 9 to the
semiconductor chips 5, and also depicts a state that the
encapsulation resin 8 1s removed as seen from an arrow a
side of FIG. 2. The bonding wires 9 are connected to one
side of each semiconductor chip 5. As understood 1n com-
bination of FIG. 2, two semiconductor chips 5 adjacent in
the stacking direction form a set, and the bonding wires 9
extending from each set are separately connected at four
different locations so as not to overlap one another in the
stacking direction of the semiconductor chip 5. When the
semiconductor chips 3 are stacked and bonded as described
above, facilitating a work process and downsizing of the
semiconductor package can be achieved.

The SSD 100 configured as above 1s mounted with the
semiconductor package 40 including the semiconductor
chips 5 formed with a non-volatile semiconductor memory
constituted by a NAND flash memory, the resin encapsula-
tion 10 that encapsulates the semiconductor chips, and the
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solder balls 20 formed to be arrayed 1n a lattice on the

bottom surface of the resin encapsulation 10. In such a type

of a semiconductor package, the electrodes (leads) do not

extend 1n the direction along the mounting substrate 30 from

the periphery (end surface) of the resin encapsulation 10, >
unlike 1n a TSOP semiconductor package. Theretfore, at the
time ol mounting on the mounting substrate 30, the resin
encapsulation 10 of the adjacent packages can be placed
densely. Accordingly, the proportion of the area of the resin
encapsulation 10 to the mounting substrate 30 can be
increased, and consequently, a high density of semiconduc-
tor chips can be implemented. Further, in the first embodi-
ment, the eight semiconductor chips are mounted in the
single semiconductor package 40, and therefore the high
density can be further improved. Further, the semiconductor
package 40 1s a BGA package, and does not use a lead frame
at the time of forming the resin encapsulation 10. Thus, the
thickness of the semiconductor package 40 can be reduced.

Further, the solder balls 20 of the SSD 100 according to 20
the first embodiment include the signal electrodes 20A
formed at the center of the lattice array (within a region
about 14 the central part, 1n the long-side direction), and the
dummy electrodes 20B formed outside of this region.
Accordingly, the impact resistance and the temperature 25
cycle resistance can be promoted, which leads to an
improvement in the reliability of the SSD 100. The semi-
conductor package 40 has 224 solder balls 20 including a
large number of the dummy electrodes 20B, and this number
1s far greater than the number of electrodes (leads), 1.e., 46,
of a TSOP package of the same size. Therefore, the heat
generated 1n the semiconductor chips 3 can be favorably
conducted to the mounting substrate 30 via the solder balls
20, and a favorable radiation effect 1s achieved as a result.

FIG. 6 depicts a logarithm graph for comparing a mount-
ing reliability by a temperature cycle test for the BGA
semiconductor package 40 used in the SSD 100 and a TSOP
semiconductor package conventionally used. In the tempera-
ture cycle test, the temperature of the package was tluctuated 4
between -25° C. and 125° C. at an interval of 30 minutes,
and cumulative defect rates at that time were measured for
comparison. A horizontal axis represents the number of
cycles [number of times] while a vertical axis represents a
cumulative defect rate [%]. In FIG. 6, triangular plot marks 45
represent the number of cycles when a predetermined cumu-
lative defect rate 1s reached in the TSOP package, while
black circular plot marks represent the number of cycles
when a predetermined cumulative defect rate 1s reached in
the BGA package. For example, when comparing the num- 50
bers of cycles at which the cumulative defect rate of 1% 1s
attained, this defect rate 1s attained at a cycle of 467 times
in the TSOP semiconductor package while this defect rate 1s
attained at a cycle of 900 times 1n the BGA semiconductor
package 40. From this, 1t was demonstrated that the semi- 55
conductor package 40 according to the first embodiment had
an operating life increased by about 1.93 times.

In the first embodiment, 1n the semiconductor package 70
incorporating semiconductor parts, such as a power supply
circuit placed at the periphery of the mounting substrate 30, 60
it 1s eflective to 11ll an underfill agent (resin sealant) between
the resin encapsulation 10 and the mounting substrate 30 so
that the solder balls 20 are encapsulated, to improve the
impact resistance and the temperature cycle resistance. With
this configuration, the adhesiveness between the resin 65
encapsulation 10 and the mounting substrate 30 1s increased.

In addition, the solder balls 20 are protected from the
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external stress, and as a result, the generation of cracks is
turther suppressed, thereby further improving the rehability
of the SSD.

Meanwhile, out of the semiconductor packages 40, 50,
and 60, with respect to the semiconductor packages 40 being
placed densely to one another on the mounting substrate 30
and incorporating the NAND flash memory, 1t 1s eflective to
increase the number of dummy electrodes at the corners for
reinforcement as described above, rather than using the
underfill agent.

FIG. 7 depicts an arrangement of signal electrodes and
dummy electrodes of a storage medium according to a
second embodiment of the present invention. Solder balls
120 according to the second embodiment can be divided into
signal electrodes 120A indicated by black circles 1n FIG. 7
and formed at the center of a lattice array, and dummy
clectrodes 120B 1ndicated by white circles and formed on
the outside of the array. Also in the second embodiment,
there are 224 solder balls 120, and out of these, there are 30
signal electrodes 120A while there are 194 dummy elec-
trodes 120B. The signal electrodes 120A are formed within
a region about '3 the central part in the both long-side
direction and the short-side direction of the array.

The signal electrodes 120A according to the second
embodiment are placed to exhibit line symmetry about a
center line L on a plane of a second surface of the wiring
substrate 7. When the signal electrodes 120A are placed to
exhibit line symmetry about the center line, 1t becomes
possible to eliminate the case that the cracks generate easily
on any one half, that is, i1f there are cracks, they will be
generated evenly. Therefore, the impact resistance and the
temperature cycle resistance can be further improved. Fur-
thermore, as described 1n the second embodiment, when the
dummy electrodes 1208 are placed 1n a manner to enclose
the signal electrodes 120A across the entire circumierence,
the eflect can be further increased.

FIG. 8 depicts an arrangement of signal electrodes and
dummy electrodes of a storage medium according to a third
embodiment of the present invention. Solder balls 220
according to the third embodiment can be divided 1nto signal
clectrodes 220A 1indicated by black circles in FIG. 8 and
formed at the center of a lattice array and dummy electrodes
220B mdicated by white circles formed on the outside of the
array. Also 1n the third embodiment, there are 224 solder
balls 220, and out of these, there are 30 signal electrodes
220A while there are 194 dummy electrodes 220B. The
signal electrodes 220A are formed within a region in an
approximate square obtained by rotating by 45° at the
central part relative to the array of which the entire shape 1s
rectangular.

The signal electrodes 220A are placed to exhibit point
symmetry about a center point P on a plane of a second
surface of the wiring substrate 7. When the signal electrodes
220A are placed to exhibit point symmetry about the center,
it becomes possible to eliminate the case that the cracks are
casily generated on any one half. Therefore, eflects substan-
tially 1dentical to those in the second embodiment can be
achieved. As described in the third embodiment, when a
region 1n which the signal electrodes 220A are formed 1s a
region 1n an approximate square obtained by rotating by 435°
at the central part, the signal electrodes 220A can be placed
at the farthest location from the corners where the cracks can
be generated easily. This 1s eflective to improve the impact
resistance and the temperature cycle resistance.

FIG. 9 depicts an arrangement of signal electrodes and
dummy electrodes of a storage medium according to a fourth
embodiment of the present invention. Solder balls 320
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according to the fourth embodiment can be divided nto
signal electrodes 320A indicated by black circles 1n FIG. 9
and formed at the center of a lattice array and dummy
clectrodes 320B 1indicated by white circles and formed on
the outside of the array. Also 1n the fourth embodiment, there
are 224 solder balls 320, and out of these, there are 48 signal
clectrodes 320A while there are 176 dummy -electrodes
320B. That 1s, the number of the signal electrodes 320A 1s
increased as compared to that 1n the first to third embodi-
ments. The central region in which the signal electrodes
320A are formed i1s a region having a width about 4 the
entire width of the array.

In the near future, 1t 1s expected that 1n the semiconductor
package, the number of signal electrodes 1s increased to
correspond to the fact that the semiconductor chips are
turther multilayered, for example. However, as described 1n
the first embodiment, when achieving the eflect of the
impact resistance and the temperature cycle resistance pro-
vided by the dummy electrodes, 1t 1s not effective to reduce
the number of pins of the dummy electrodes surrounding the
signal electrodes beyond the required number relative to the
signal electrodes. However, as described in the fourth
embodiment, out of a total of 224 electrodes, when the
number of the signal electrodes 320A 1s 48 (about 21% of
the total number) and when the central region 1n which the
signal electrodes 320A are formed 1s a region having a width
about %2 the entire width of the array, a favorable effect 1s
achieved.

When the mventors repeated tests while increasing the
proportion of the signal electrodes, 1t was possible to
improve the impact resistance and temperature cycle resis-
tance until the number of signal electrodes was reduced to 66
(about 30%). However, when the number was further
increased, there was no sigmificant improvement in the
impact resistance and temperature cycle resistance. Further-
more, when the central region in which the signal electrodes
are formed was changed to a region having a width equal to
or more than %2 the entire width of the array, the effect
deteriorated significantly. As a result, 1n view of these test
results of the first embodiment, 1t was found out that the
appropriate region in which the signal electrodes are formed
was a region having a width 1n a range of about 3 to V4 the
entire width. For example, the appropriate examples include
5.6/14.4=~1/3 (the example shown mn FIGS. 3), and 7.2/
14.4=~14 (the example shown in FIG. 9). It was also found
out that it 1s appropriate to set the proportion of the signal
electrodes to the entire electrodes 1s less than 30%, and
desirably, the proportion was less than 20%. It was also
found out that when the proportion of the signal electrodes
was equal to or more than 10% and less than 30%, the effect
was achieved eflectively. Note that it has become known
from the test that the relationship between the ratio of the
signal electrodes and the effect 1s not limited to a semicon-
ductor package of 14x18 mm, and a substantially identical
result was obtained 1n semiconductor packages of other sizes
as well.

In the SSD of the first to fourth embodiments, the BGA
semiconductor package 1s adopted for the purposes of
achieving a high density of the semiconductor chips. How-
ever, to achieve the same purpose, not only a semiconductor
package of BGA but also that of LGA can be used. In the
LGA semiconductor package, instead of the solder balls,
very small and flat electrodes 1n a lattice, which are called
“land”, are formed on the bottom surface of the resin
encapsulation. The rest of the configuration of the LGA
semiconductor package 1s similar to that of the BGA semi-
conductor package. These electrodes are forced 1nto a socket
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shaped like a pin support (pin holder) 1n which pins corre-
sponding to the respective electrodes form a line 1n a lattice,
and attached to the mounting substrate.

According to the tests conducted by the mventors, also 1n
the LGA semiconductor package, starting from a joint that
1s farthest from the center, defective joining i1s generated at
the joints of the lattice electrodes due to external stress, such
as 1mpacts. The defective joining gradually moves towards
the mner-side electrodes with the passage of time. Thus, also
in the LGA semiconductor package, the signal electrodes
and the dummy electrodes are placed based on the same
concept as 1n the first to fourth embodiments, and therefore
the durability against external stress can be improved.

Further, according to the inventors, not only in the BGA
or LGA semiconductor packages, but also 1in any type of
semiconductor package having a plurality of electrodes
formed 1 an array on the bottom surface of the resin
encapsulation, the defective joining 1s generated at the joints
due to external stress, such as impacts, starting from the joint
that 1s farthest from the center. Therefore, when signal
clectrodes and dummy electrodes are formed based on the
same concept as 1n the first to fourth embodiments, the
durability against external stress can be improved.

An object of a fifth embodiment of the present mnvention
1s explained by describing a configuration of a wiring
substrate of a conventional semiconductor package that
corresponds to a semiconductor package according to the
fifth embodiment. FIG. 10 depicts a part of a wiring pattern
formed on a second surface (a surface on which solder balls
are formed) of a wiring substrate 107 of the conventional
semiconductor package having a structure similar to that of
the semiconductor package according to the fifth embodi-
ment. The wiring pattern 1s configured to include solder-ball
(projection-electrode) forming pads (hereinafter, “pads™) 21
for forming solder balls (projection electrodes), on its sur-
tace. The pads 21 are arrayed and formed 1n a lattice to set
to the positions of the solder balls.

The surface of respective pad 21 1s plated so that the
solder balls can be formed easily. At the time of plating the
pads 21 at a step of manufacturing a semiconductor package,
the plating 1s performed while respective pad 21 1s applied
voltage. A plating process electrode 33 for applying voltage
to respective pad 21 1s placed at the edge of the wiring
substrate 107 at the time of the plating process (FIG. 10).
Thus, patterns for supplying plating process power to
respective pad 21 from the plating process electrode 33
(heremafiter, “plating lines 22”") are previously arranged 1n
an extending manner to reach the edge of the wiring sub-
strate 107 from respective pad 21.

Although not shown, the edge of a first surface (surface on
which the semiconductor chips are formed) opposite to the
wiring substrate 107 1s formed with bonding pads (bonding
fingers). The bonding wires extending as signal lines or
power supply lines from the semiconductor chips are con-
nected to the bonding pads. The pads 21 for a signal line or
a power supply line, out of a plurality of pads 21 formed on
the second surface, are electrically connected to these bond-
ing pads via through holes 23 by a predetermined pattern.
Thus, the pads 21 for a signal line or a power supply line can
utilize the pattern at the time of the plating process to apply
the voltage. As a result, the plating lines are not needed. The
plating lines are needed by the pads 21 for a dummy
clectrode not connected to the bonding pads. On the wiring
substrate 107, dummy patterns 24 1n a round small circle for
burying vacant regions on the substrate to prevent the
warping ol the substrate, for example, are also formed.
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A large number of dummy electrodes exist in the outer
region ol the array, similarly to those 1n the first to fourth
embodiments. Thus, the plating lines 22 extending from
respective pad 21 for a dummy electrode occupy a large area
on the substrate surface (FI1G. 10). As a result, there 1s a case
that the degree of freedom of a pattern layout for a signal line
or a power supply line, of which the roles are inherently
important, deteriorates, and another case 1s that because
there are a very large number of plating lines 22, the pattern
becomes complicated, resulting in a factor for a cost
increase, and thus the improvement 1s desired. Further, due
to the influence that an allowable width of a reference
voltage of the recent semiconductor chips 1s narrowed, there
1s a demand that the power supply applied to the semicon-
ductor chip 1s more stabled. To supply the power supply
stably, 1t 1s desired that the pattern for a power supply line
1s laid out as linearly as possible and also the pattern course
1s as short as possible. However, due to the existence of the
plating lines 22, it 1s diflicult to set the desired course, and
thus the improvement 1s desired. The fifth embodiment 1s
intended to solve such problems, and 1s described below.

FIG. 11 1s a cross-sectional view of how the semiconduc-
tor chips 5 of the semiconductor package 41 according to the
fifth embodiment are stacked. The semiconductor package
41 1s configured by the eight semiconductor chips 3, the
resin encapsulation 10 that encapsulates the semiconductor
chips 5 with a resin, and the solder balls 20 formed and
arrayed 1n a lattice on the bottom surface of the resin
encapsulation 10. The resin encapsulation 10 includes the
wiring substrate 7, the encapsulation resin 8, and the bond-
ing wire 9. On the wiring substrate 7, the semiconductor
chips 5 are mounted on a first surface, and the solder balls
20 are formed on a second surface that faces the first surface.
The bonding wires 9 electrically connect chip pads 26
arranged at edges alternately different to one another on the
stacked semiconductor chips 5 and a bonding pad 27
arranged at the edge of the wiring substrate 7. The solder
balls 20 are electrically connected to the bonding pad 27 by
patterns formed on the first surface and the second surface
on the wiring substrate 7. The pattern formed on the first
surface and the pattern formed on the second surface are
connected by the through hole 23. On the semiconductor
chips 5, a non-volatile semiconductor memory constituted
by a NAND flash memory 1s formed similarly to those 1n the
first to fourth embodiments.

FIG. 12 depicts wire-bonding of the semiconductor chip
5 to the wiring substrate 7, and also depicts a state that the
encapsulation resin 8 1s removed as seen from an arrow B
side 1n FIG. 11. The bonding pads 27 according to the fifth
embodiment are arranged at edges of two short sides on the
rectangular wiring substrate 7, diflerently from the bonding
pads according to the first to fourth embodiments. The
bonding wires 9 extending from the chip pad 26 of the
semiconductor chip 5 are connected to the bonding pads 27.
Thus, the bonding pads 27 are arranged on the two short
sides on the wiring substrate 7. As a result, the distance to
the central region of the substrate 1s longer. Accordingly, in
the pattern for a power supply line, an improved linearity 1s
required.

FIG. 13 depicts a part of the wiring pattern formed on the
first surface on the wiring substrate 7 according to the fifth
embodiment. FIG. 14 depicts a part of the wiring pattern
similarly formed on the second surface of the wiring sub-
strate 7. In FIGS. 13 and 14, the dummy pattern and the like
for preventing the warping of the wiring substrate 7 are
omitted. On the first surface on the wiring substrate 7 shown
in FIG. 13, the bonding pads 27 arranged on the short side
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on the wiring substrate 7 and predetermined through holes
23 are connected by patterns. On the other hand, on the
second surface side on the wiring substrate 7 shown in FIG.
14, a plurality of pads 21 including pads for a signal line or
a power supply are formed 1n an array in the central region
(within a long dash short dash line frame 1n FIG. 14) of the
array. In the outer region thereot, the pads 21 for a dummy
clectrode are formed 1n an array. The through holes 23 and
the predetermined pads 21 are connected by patterns. As
described above, an electric route from the semiconductor
chip 5 through the bonding wires 9 to the bonding pads 27
1s drawn by a predetermined pattern on the first surface on
the wiring substrate 7, and thereatfter, reaches the second
surface side via the through holes 23, and extends to the pads
21 for a signal line or a power supply line formed 1in the
central region.

In this case, on the second surface side on the wiring
substrate 7 shown 1n FIG. 14, the pattern for a signal line, for
example, extends via the through hole 23 (23s) to one pad
21 (21s) for a signal line within the central region. On the
other hand, the pattern for a power supply extends from the
through hole 23 (23a) over a plurality of pads 21 for a
dummy electrode to the pad 21 (21g) for a power supply line
within the central region.

The pattern for a power supply 1s described further in
detail. FIG. 15 depicts a pin assignment of the solder balls
arranged on the second surface on the wiring substrate 7. In
FIG. 15, 1n the central region (within a bold-lined frame 1n
FIG. 15) of the array, a plurality of electrodes including
clectrodes for a signal line and a data line (hatched region
without characters 1n FIG. 15) or a power supply line (Vcc
and Vss i FIG. 15) are formed 1n an array. On the other
hand, 1n the outer region (outside the bold-lined frame in
FIG. 15), a plurality of electrodes including the dummy
clectrode ((Vcce), (Vss), and NU 1n FIG. 15) are formed 1n
an array. In the pin assignment 1n FIG. 15, seven Vccs (four
Vces forming a line in the right and left directions in the
outer region 1n FIG. 15 and three Veces forming a line 1 an
L-letter shape within the central region) in a part indicated
by E 1n FIG. 15, for example, are electrically connected to

one another. A wiring pattern connecting this part 1s seven
pads indicated by D in FIG. 14. An enlarged part D in FIG.

14 1s shown 1n FIG. 16. In FIG. 16, the seven pads (pads 21a
to 21g) starting from the through hole 23 (23a) electrically
connect the seven Vccs 1n the part indicated by E 1n FIG. 15.
These pads (pads 21a to 21g) are connected to the bonding
pad 27 (FIG. 13) via the through hole 23 (23a).

As described above, the seven Vcecs 1n the part indicated
by E in FIG. 15 are connected to one another, and from any
one of the pads 21a to 21g, a power supply 1s enabled.
However, 1n an actual product, the power 1s supplied from
the solder balls (three Vces forming a line 1 an L-letter
shape within the central region) formed on the pads 21e to
21g. The reason for this 1s to improve the reliability for the
impact resistance and temperature cycle resistance, as
described 1n the first to fourth embodiments. By a similar
configuration, the respective pad 1n a group of Vccs (Vecs)
and a group of Vss’s (Vss’s) shown 1n the pin assignment 1n
FIG. 15 1s electrically connected to each other. A plurality of
NUs located at the corners of the pin assignment 1n FIG. 15
are electrically connected to one another by a plurality of
linked pads, and the linked pads are further connected with
one plating line extending to the edge on the wiring sub-
strate.

A plurality of pads 21 adjacent in this way are linked by
the short pattern, and further, the groups of linked pads are
clectrically connected to the bonding pads 27. Therefore, a
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plurality of connected pads 21 for a dummy electrode
become able to supply power from the bonding pads 27 at
the time of plating, and thus the plating line 1s not needed.
As a result, the number of plating liens 1s greatly reduced,
and thus the pattern layout becomes easy. Accordingly, the
pattern for a power supply line can be made linear with the
shortest course.

The present invention is not limited to the above embodi-
ments, and can be embodied by modifying constituent
clements without departing from the scope of the invention.
Furthermore, various inventions can be created by combi-
nations of the constituent elements disclosed 1n the above
embodiments. For example, some of the whole constituent
elements disclosed 1in the embodiments can be omitted, and
the constituent elements according to different embodiments
can be suitably combined with each other.

What 1s claimed 1s:

[1. A storage medium comprising:

a semiconductor package having a semiconductor chip, a

resin encapsulation that encapsulates the semiconduc-
tor chip, and a plurality of electrodes arrayed on a
bottom surface of the resin encapsulation; and

a substrate including a conductor that joins the electrodes,

and having the semiconductor package mounted
thereon, wherein

the electrodes include a plurality of signal electrodes

formed within a central region of the array, and a
plurality of dummy electrodes formed 1n an outer
region of the signal electrodes,

cach of the signal electrodes includes a first pad as a

projection-clectrode forming pad for a power supply
line or a signal line, and a first projection electrode
formed on the first pad, and

cach of the dummy electrodes includes a second pad as a

projection-clectrode forming pad for a dummy elec-
trode and a second projection electrode formed on the
second pad.}

[2. The storage medium according to claim 1, wherein
only the dummy electrodes among the signal electrodes and
the dummy electrodes are disposed in the outer region.}

[3. The storage medium according to claim 1, wherein the
dummy electrode further includes a third pad for burying a
vacant region, and no projection electrode 1s formed on the
third pad.]

[4. The storage medium according to claim 1, wherein the
central region 1n which the signal electrodes are formed has
a region of a width about %3 to Y2 of entire width of the
array.]

[S. The storage medium according to claim 1, wherein a
proportion in number of the signal electrodes to the elec-
trodes is less than 30%.]

[6. The storage medium according to claim 1, wherein a
proportion 1n number of the signal electrodes to the elec-
trodes is less than 20%.]

[7. The storage medium according to claim 1, wherein the
signal electrodes are placed to exhibit line symmetry about
a center line of the array formed by the electrodes or point
symmetry about a center of the array.}

[8. The storage medium according to claim 1, wherein the
dummy electrodes are formed to enclose entire circumier-
ence of the signal electrodes.]

[9. The storage medium according to claim 1, wherein
semiconductor chips are stacked and encapsulated in the
resin encapsulation. ]

[10. The storage medium according to claim 1, wherein
the semiconductor chip has a NAND flash memory incor-
porated therein.]
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[11. A semiconductor package comprising:

a semiconductor chip;

a wiring substrate having the semiconductor chip
mounted on a first surface; and

a plurality of projection electrodes formed on a second
surface opposite to the first surface of the wiring

substrate, wherein

a bonding pad, to which a bonding wire extending from
the semiconductor chip 1s connected, 1s formed at an
edge of the first surface on the wiring substrate, and a
plurality of projection-electrode forming pads for form-
ing the projection electrodes are arrayed and formed 1n
a lattice on the second surface, and

the projection-electrode forming pads include first pro-
jection-electrode forming pads as projection-electrode
forming pads for a power supply line formed within a
central region of the array and second projection-
clectrode forming pads as projection-electrode forming
pads for a dummy electrode formed 1n an outer region
of the central region,

the projection electrodes include first projection elec-

trodes formed on the first projection-electrode forming
pads and second projection electrodes formed on the
second projection-electrode forming pads,

two or more second projection-electrode forming pads

among the second projection-electrode forming pads
are connected to one another by a connection pattern
formed on the second surface, and

the first projection-electrode forming pads are connected

to the bonding pad through the plurality of second
projection-clectrode forming pads connected by the
connection pattern, and a through hole formed 1n the
wiring substrate.]

[12. The semiconductor package according to claim 11,
wherein 1n the second projection-electrode forming pads
connected by the connection pattern, the second projection-
clectrode forming pads adjacent to each other are con-
nected.}

[13. The semiconductor package according to claim 11,
wherein only the second projection-electrode forming pads
are disposed in the outer region.]

[14. The semiconductor package according to claim 11,
wherein the wiring substrate forms a rectangle, and the
bonding pad 1s arranged at an edge on a short side of the
wiring substrate.]

[15. The semiconductor package according to claim 11,
wherein the semiconductor chips are stacked and mounted
on the wiring substrate. ]

16. A storage medium comprising.

a substrate; and

a semiconductor package including:

a semiconductor chip; and

an array of electrodes arrayed on a rectangular bottom
side of the package, the electrodes including signal
electrodes for a power supply line or a signal line
and dummy electrodes, wherein

the semiconductor package is mounted on the substrate,

the signal electrodes include first signal electrodes

arranged along a short-side dirvection of the bottom
side and formed in at least two lines,

the dummy electrodes include first dummy electrodes,

second dummy electrodes, and a plurality of third
dummy electrodes,

the plurality of thivd dummy electrodes are arranged in

Jour corners of the array, a first two of the four covners
being located on one side in a long-side divection of the
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bottom side and a second two of the corners being
located on another side in the long-side divection,

the first dummy electrodes are arranged along the short-

side direction in a region between the first signal
electrodes and third dummy electrodes located on the
one side among the plurality of third dummy electrodes
and are formed in at least two lines,

the second dummy electrodes are arranged along the

short-side divection in a vegion between the first signal
electrodes and third dummy electrodes located on the
other side among the plurality of third dummy elec-
trodes and arve formed in a line, and

no first or second dummy electrode is arranged directly

between one of the thivd dummy electrodes arranged in
each the first two corners located on the one side in the
long-side divection of the bottom side.

17. The storage medium accorvding to claim 16, wherein

each of the at least two lines of the first signal electrodes

includes at least four signal electrodes,

each of the at least two lines of the first dummy electrodes

includes at least four dummy electrodes, and

the line of the second dummy electrodes includes at least

two dummy electrodes.

18. The storage medium accorvding to claim 16, wherein
third dummy electrodes arranged in each of the four corners
among the plurality of third dummy electrodes are formed in
at least one line along the short-side divection.

19. The storage medium accovding to claim 18, wherein
each line of the thivd dummy electrodes includes at least two
dummy electrodes.

20. The storage medium according to claim 16, wherein

the signal electrodes further include second signal elec-

trodes arranged along the short-side direction in a
region between the line of the second dummy electrodes
and the thivd dummy electrodes located on the other
side, and

the second signal electrodes are formed in at least two

lines.

21. The storage medium according to claim 20, wherein

the dummy electrodes further include fourth dummy elec-

trodes arranged along the long-side divection in a
region outside of the second signal electrodes in the
long-side divection, and

the fourth dummy electrodes are formed in at least two

lines.

22. The storage medium according to claim 21, wherein

each of the at least two lines of the second signal

electrodes includes at least four signal electrodes, and
each of the at least two lines of the fourth dummy
electrodes includes at least two dummy electrodes.

23. The storage medium according to claim 16, wherein
no first or second electrode is arranged directly between the
third dummy electrodes arranged in the second two corners
located on the other side in the long-side divection of the
bottom side.

24. The storage medium according to claim 23, wherein
no first or second electrode is arranged divectly between the
third dummy electrodes arranged in covners located on the
short-side dirvection of the bottom side.

25. The storage medium according to claim 16, whevrein,
on each of the long and short sides of the array, the thivd
dummy electrodes are arranged to be closer to a respective
outer edge of the package compared to the first and second
electrodes.

26. A storage medium comprising.

a substrate; and

a semiconductor package including:

16

a semiconductor chip; and
an array of electrodes arrayed on a rectangular bottom
side of the package, the electrodes including signal
electrodes for a power supply line or a signal line
d and dummy electrodes, wherein
the semiconductor package is mounted on the substrate,
the bottom side of the package includes first to third
regions,
the first vegion includes four corvners of the bottom side,

' the second region includes four arveas located between the
Jour corners, two areas of the four areas being located
along a long side of the bottom side, and two other
areas of the four arveas being located along a short side

5 of the bottom side,

the third rvegion includes an area other than the first and

second regions,
neither the signal electrodes nov the dummy electrodes
are arranged in the second region,

20  the signal electrodes include first signal electrodes
arranged along a short-side direction of the bottom
side,

the dummy electrodes include first dummy electrodes,
second dummy electrodes, and a plurality of third

25 dummy electrodes,

the plurality of third dummy electrodes are arranged in
the four corners in the first region, a first two corners
of the four corners being located on one side in a
long-side direction of the bottom side and a second two

30 corners of the four corners being located on another

side in the long-side dirvection,
the first dummy electrodes ave arranged along the short-
side dirvection in a rvegion between the first signal
electrodes and third dummy electrodes located on the

35 one side among the plurality of thivd dummy electrodes,

the second dummy electrodes are arranged along the
short-side divection in a vegion between the first signal
electrodes and third dummy electrodes located on the
other side among the plurality of thivd dummy elec-

40 trodes,

the first signal electrodes and the first and second dummy
electrodes are arranged in the third region, and

no electrode is arranged between one-end electrode of the
first signal electrodes arranged along the short-side

45 dirvection from the one-end electrode along a line
extending in the short-side divection to an outer edge of
the package of the bottom side.

27. The storage medium according to claim 26, wherein
the thivd dummy electrodes arranged in each of the four

50 corners among the plurality of thivd dummy electrodes are

formed in at least one line along the short-side direction.
28. The storage medium according to claim 27, wherein

one or move thivd dummy electrodes among the thivd dummy

electrodes are arranged on a single line extending in the

55 long-side divection from both sides through each of two

areas located along the long side of the bottom side among
the four areas of the second region.

29. The storage medium according to claim 28, wherein
two or morve thivd dummy electrodes among the thivd dummy

60 electrodes are arranged on two lines extending in the

short-side dirvection from both sides through each of the two
other arveas located along the short side of the bottom side
among the four aveas of the second region.

30. The storage medium according to claim 27, wherein

65 two or morve thivd dummy electrodes among the thivd dummy

electrodes are arrvanged on two lines extending in the
short-side divection from both sides through each of the two
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other areas located along the short side of the bottom side
among the four arveas of the second region.

31. The storage medium according to claim 26, wherein

the signal electrodes further include second signal elec-

trodes arranged along the short-side divection in a
region opposite to the first signal electrodes in the
long-side divection while sandwiching the second
dummy electrodes therebetween.

32. The storage medium according to claim 31, wherein
the second signal electrodes are arranged in the thivd
region.,

33. The storage medium accovding to claim 31, wherein

the dummy electrodes further include fourth dummy elec-

trodes arranged along the long-side direction in a

region outside of the second signal electrodes in the
long-side direction.

34. The storage medium according to claim 33, wherein
the fourth dummy electrodes ave arrvanged in the third
reglion.

35. A storage system comprising:

a first substrate; and

a semiconductor package including:

a semiconductor chip;

a second substrate, the semiconductor chip being
mounted on the second substrate; and

an array of electrodes arrayved on a rectangular bottom
side of the second substrate, the electrodes including
signal electrodes for a power supply line or a signal
line and dummy electrodes, wherein

the semiconductor package is mounted on the first sub-

straite,

the signal electrodes include first signal electrodes

arranged along a short-side divection of the bottom-
side and formed in at least two lines,

the dummy electrodes include first dummy electrodes,

second dummy electrodes, and a plurality of third
dummy electrodes,

the plurality of third dummy electrodes are arranged in

Jour corners of the array, a first two of the four corners
being located on one side in a long-side direction of the
bottom side and a second two of the corners being
located on another side in the long-side direction,

the first dummy electrodes are arranged along the short-

side dirvection in a rvegion between the first signal
electrodes and third dummy electrodes located on the
one side among the plurality of third dummy electrodes
and are formed in at least two lines,

the second dummy electrodes are arranged along the

short-side divection in a vegion between the first signal
electrodes and third dummy electrodes located on the
other side among the plurality of third dummy elec-
trodes and are formed in a line, and

no first or second dummy electrode is arranged directly

between one of the thivd dummy electrodes arranged in
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each the first two corners located on the one side in the
long-side direction of the bottom side.
36. A storage system comprising:
a first substrate; and
a semiconductor package including:
a semiconductor chip;
a second substrate, the semiconductor chip being
mounted on the second substrate; and
an array of electrodes arraved on a bottom side of the
second substrate, the electrodes including signal
electrodes for a power supply line or a signal line
and dummy electrodes, wherein
the semiconductor package is mounted on the first sub-
strafte,
the bottom side of the package includes first to third
regions,
the first region includes four corners of the bottom side,
the second region includes four areas located between the
Jour corners, two areas of the four areas being located
along a long side of the bottom side, and two other
areas of the four areas being located along a short side
of the bottom side,
the third vegion includes an area other than the first and
second regions,
neither the signal electrodes norv the dummy electrodes
are arranged in the second region,
the signal electrodes include first signal electrodes
arranged along a short-side direction of the bottom
side,
the dummy electrodes include first dummy electrodes,
second dummy electrodes, and a plurality of thivd
dummy electrodes,
the plurality of thivd dummy electrodes are arranged in
the four corvners in the first vegion, a first two corners
of the four cormners being located on one side in a
long-side divection of the bottom side and a second two
corners of the four corners being located on another
side in the long-side dirvection,
the first dummy electrodes ave arranged along the short-
side dirvection in a rvegion between the first signal
electrodes and third dummy electrodes located on the
one side among the plurality of thivd dummy electrodes,
the second dummy electrodes are arranged along the
short-side direction in a region between the first signal
electrodes and thivd dummy electrodes located on the
other side among the plurality of third dummy elec-
trodes,
the first signal electrodes and the first and second dummy
electrodes are arranged in the third vegion, and
no electrode is arranged between one-end electrode of the
first signal electrodes arranged along the short-side
dirvection from the one-end electrode along a line
extending in the short-side divection to an outer edge of
the package of the bottom side.
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