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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a semiconductor
device and a method of manufacturing the semiconductor
device.

[0003] 2. Description of the Related Art

[0004] Semiconductor devices are used in various kinds of
information equipment, such as large computers, personal
computers and mobile devices, and the number of required
functions and required storage capacity is increasing year by
year. As a result of such high performance designs and large
capacity designs, the area of packaging semiconductor ele-
ments on a base substrate has increased, providing a factor
that is responsible for impeding miniaturization.

[0005] Therefore, there have been developed mounting
techniques for stacking a plurality of semiconductor elements
on a base substrate as methods of mounting a large number of
semiconductor elements within the limited area of the base
substrate.

[0006] As such semiconductor stacking techniques, there
are methods which involve stacking on a base substrate a
plurality of flexible substrates on which semiconductor ele-
ments are mounted and depressing the flexible substrates by
use of a heating tool or an ultrasonic tool, thereby bonding the
flexible substrates together or bonding the base substrate and
the flexible substrates together. As such methods of stacking,
a method using a heating tool is disclosed in Japanese Patent
Laid-Open No. 2002-57279 and a method using an ultrasonic
tool is disclosed in Japanese Patent Laid-Open No. 2006-
310523.

[0007] Japanese Patent Laid-Open No. 2002-57279 dis-
closes a stacked semiconductor device in which a plurality of
wiring substrates can be fixed by soldering on a base substrate
without heating the wiring substrates in a reflow furnace. This
semiconductor device is provided with a semiconductor chip
which is flexible and in which an internal electrode is pro-
vided, a wiring substrate which is flexible and which is pro-
vided with a wiring pattern electrically connected to the inter-
nal electrode of the semiconductor chip, and an external
electrode which is electrically connected to this wiring pat-
tern and which is provided in an end portion of the wiring
substrate.

[0008] In order to connect circuit substrates efficiently,
with high accuracy and with high reliability, Japanese Patent
Laid-Open No. 2006-310523 discloses a semiconductor
device which is provided with a first interposer and a second
interposer both of which have an internal terminal on one
surface, and which is provided with a semiconductor chip
disposed between the first interposer and the second inter-
poser. In this semiconductor device, the back surface of the
semiconductor chip is fixed to one surface of the first inter-
poser and the front surface of the semiconductor chip is fixed
to one surface of the second interposer. The internal terminal
provided on one surface of the first interposer and the internal
terminal provided on one surface of the second interposer are
bonded together.

[0009] Furthermore, Japanese Patent Laid-Open No.
8-70079 discloses a high-reliability and low-cost ultrathin
semiconductor device which permits repairs during mount-
ing. For the purpose of providing a highly functional semi-
conductor module with the same volume by obtaining a
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stacked structure by use of a plurality of these ultrathin semi-
conductors, in a semiconductor device obtained by metallur-
gically directly connecting a metal lead frame and an elec-
trode on an LLSI chip, a lead frame the whole of which is made
uniformly thin is used, and the peripheries of the lead frame
and the chip are resin-molded.

[0010] The present inventors have recognized the following
problem That is, as described in Japanese Patent Laid-Open
No. 2002-57279, Japanese Patent Laid-Open No. 2006-
310523 and Japanese Patent [aid-Open No. 8-70079, in a
method which involves depressing flexible substrates by the
use of a tool, thereby bonding the flexible substrates together
or by bonding a base substrate and the flexible substrates
together, tension is generated in the flexible substrates during
the depressing that is performed by use of the tool. This
tension generated in the flexible substrates remains even after
the flexible substrates are bonded together. As well, excessive
tensile stress may sometimes be generated by this tension in
bonded portions of the flexible substrates. Because this ten-
sile stress works on the bonded portions so as to tear off the
flexible substrates, fracture of the bonded portions is feared.
[0011] Furthermore, even when the bonding of the flexible
substrates is thoroughly performed, immediately after the
bonding of the flexible substrates performed by use of a tool,
thermal stress is generated due to a difference in the coeffi-
cient of linear expansion of each member when the flexible
substrates are subjected to temperature cycles in a succeeding
step. The addition of this thermal stress to the above-de-
scribed tensile stress increases the fear that the bonded por-
tions of the flexible substrates may fracture.

SUMMARY

[0012] The present invention has been made to solve the
above-described problem.

[0013] According to an aspect of a semiconductor device of
the present invention, the semiconductor device comprises: a
plurality of semiconductor packages having a semiconductor
element and a flexible substrate in which the semiconductor
element is provided with an overlap and is electrically con-
nected, an end portion of the flexible substrate that extends
from side surfaces of the semiconductor element, and that has
wirings on both surfaces; and a mother substrate on a front
surface of which the plurality of semiconductor packages are
stacked. The semiconductor device includes the stacked
semiconductor package in which the end portions of the plu-
rality of flexible substrates have bonded portions which are
bonded together by the wirings and the plurality of semicon-
ductor packages are electrically connected to the mother sub-
strate via the bonded portions. In this semiconductor device,
in at least a part of a portion where regions of the plurality of
flexible substrates are present between the side surfaces of
each of' the semiconductor elements and the bonded portions
of'the flexible substrates, and in which the plurality of flexible
substrates extend from the side surfaces of each of the semi-
conductor elements, the plurality of flexible substrates have a
curved portion, and the shape of the curved portion of at least
one of the flexible substrates is different from the shape of a
curved portion of another flexible substrate adjacent to the
flexible substrate.

[0014] As described above, in the semiconductor device of
the present invention, the shape of the curved portion of at
least one flexible substrate is different from the shape of the
curved portion of another flexible substrate adjacent to this
flexible substrate. That is, the end portions of at least one
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flexible substrate are bonded to the bonded portions, with a
part of a region between the side surfaces of the semiconduc-
tor element and the bonded portions kept in a loose condition.
[0015] Therefore, according to the present invention, by
suppressing the tension generated in flexible substrates, it is
possible to reduce the stress that acts on the bonded portions
of' the flexible substrates and to improve the reliability of the
bonded portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above features and advantages of the present
invention will be more apparent from the following descrip-
tion of certain preferred embodiments taken in conjunction
with the accompanying drawings, in which:

[0017] FIG. 1A is a sectional view showing the essential
part of a semiconductor device of a first embodiment;
[0018] FIG. 1B is a plan view showing the semiconductor
device of the first embodiment;

[0019] FIG. 2A is a plan view showing a semiconductor
module on which a semiconductor package of the first
embodiment is mounted;

[0020] FIG. 2B is a side view showing a semiconductor
module on which the semiconductor package of the first
embodiment is mounted;

[0021] FIG. 3A is a sectional view showing the semicon-
ductor package of the first embodiment;

[0022] FIG. 3B is a plan view showing the semiconductor
package of the first embodiment;

[0023] FIG. 4A is a sectional view showing the manufac-
turing process of the semiconductor device of the first
embodiment;

[0024] FIG. 4B is a sectional view showing the manufac-
turing process of the semiconductor device of the first
embodiment;

[0025] FIG. 4C is a sectional view showing the manufac-
turing process of the semiconductor device of the first
embodiment;

[0026] FIG. 4D is a sectional view showing the manufac-
turing process of the semiconductor device of the first
embodiment;

[0027] FIG. 4E is a sectional view showing the manufac-
turing process of the semiconductor device of the first
embodiment;

[0028] FIG. 4F is a sectional view showing the manufac-
turing process of the semiconductor device of the first
embodiment;

[0029] FIG. 5A is a sectional view showing the manufac-
turing process of a semiconductor device of a second embodi-
ment;

[0030] FIG. 5B is a sectional view showing the manufac-
turing process of the semiconductor device of the second
embodiment;

[0031] FIG. 5C is a sectional view showing the manufac-
turing process of the semiconductor device of the second
embodiment;

[0032] FIG. 5D is a sectional view showing the manufac-
turing process of the semiconductor device of the second
embodiment;

[0033] FIG. 5E is a sectional view showing the manufac-
turing process of the semiconductor device of the second
embodiment;

[0034] FIG. 5F is a sectional view showing the manufac-
turing process of the semiconductor device of the second
embodiment;
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[0035] FIG. 6 is a plan view showing the semiconductor
device of the second embodiment shown in FIG. 5D;

[0036] FIG. 7A is diagram showing stress distribution at a
bonding interface of a flexible substrate in a stacked semicon-
ductor package of the first embodiment;

[0037] FIG. 7B is a sectional view showing the essential
part of a semiconductor device to indicate the direction of
distance x in FIG. 7A;

[0038] FIG. 8 is a sectional view showing the essential part
of a semiconductor device of a third embodiment;

[0039] FIG. 9 is a plan view showing a spacer of the semi-
conductor device of the third embodiment;

[0040] FIG. 10 is a plan view showing a spacer of a semi-
conductor device of a fourth embodiment; and

[0041] FIG. 11 is a sectional view showing the essential
part of a semiconductor device of a fifth embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0042] The present invention relates to a semiconductor
device and a method of manufacturing the semiconductor
device and, more particularly, to a method of manufacturing a
semiconductor device having a step of bonding a plurality of
flexible substrates by depressing the plurality of flexible sub-
strates by use of a tool.

[0043] Inan aspectofthe method of manufacturing a semi-
conductor device of the present invention, there is provided a
method of manufacturing a semiconductor device intended
for a semiconductor device having: a plurality of semicon-
ductor packages each having a semiconductor element and a
flexible substrate in which the semiconductor element is pro-
vided with an overlap and is electrically connected, an end
portion of the flexible substrate that extends from side sur-
faces of the semiconductor element, and that has wirings on
both surfaces; and a mother substrate on a front surface of
which the plurality of semiconductor packages are stacked, in
which the semiconductor device includes a stacked semicon-
ductor package in which the end portions of the plurality of
flexible substrates have bonded portions which are bonded
together by the wirings, and the plurality of semiconductor
packages are electrically connected to the mother substrate
via the bonded portions. This method of manufacturing a
semiconductor device having: a first step of disposing the
plurality of semiconductor packages and a spacer for spacing
the semiconductor element or the flexible substrate from the
mother substrate by stacking them on the front surface of the
mother substrate; a second step of forming the bonded por-
tions by depressing the end portions of the plurality of flexible
substrates; a third step of removing the spacer from the
stacked semiconductor package; and a fourth step of bringing
the plurality of semiconductor packages into intimate contact
with the mother substrate by depressing the semiconductor
elements of the semiconductor packages stacked on the
mother substrate.

[0044] To manufacture the above-described semiconductor
device, in another aspect of the method of manufacturing a
semiconductor device of the present invention, there is pro-
vided a method of manufacturing a semiconductor device
intended for a semiconductor device having: a first step of
disposing the plurality of semiconductor packages and a
spacer for spacing the semiconductor element or the flexible
substrate from the mother substrate by stacking them on the
front surface of the mother substrate; a second step of forming
the bonded portions by depressing the end portions of the
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plurality of flexible substrates; and a third step of deforming
the spacer by depressing the semiconductor elements or flex-
ible substrates of the semiconductor packages stacked on the
mother substrate.

[0045] The method of manufacturing a semiconductor
device of the present invention can be otherwise expressed as
below.

[0046] The method of manufacturing a semiconductor
device of the present invention has a first step of stacking a
first flexible substrate on which a first semiconductor element
is mounted and a second flexible substrate on which a second
semiconductor element is mounted, and a second step of
bonding together a first wiring group provided on the first
flexible substrate, and a second wiring group that is provided
on the second flexible substrate and that is electrically con-
nected to the second semiconductor element by depressing
the wiring groups by use of a tool. This method of manufac-
turing a semiconductor device has a step of reducing the
tension of the flexible substrates which is generated due to the
second step of bonding by depressing through the use of a
tool.

[0047] The method of manufacturing a semiconductor
device of the present invention has a first step of stacking a
first flexible substrate on which a first semiconductor element
is mounted, a spacer, and a second flexible substrate on which
a second semiconductor element is mounted, a second step of
bonding together a first wiring group provided on the first
flexible substrate, and a second wiring group provided that is
on the second flexible substrate and that is electrically con-
nected to the second semiconductor element by performing
depressing through the use of a tool, and a step of narrowing
a gap between the first semiconductor element and the second
semiconductor element by removing the spacer, which is
performed after the second step.

[0048] The method of manufacturing a semiconductor
device of the present invention has a first step of stacking a
first flexible substrate on which a first semiconductor element
is mounted and a second flexible substrate on which a second
semiconductor element is mounted, and providing a support-
ing member which supports the second flexible substrate, a
second step of bonding together a first wiring group provided
on the first flexible substrate, and a second wiring group that
is provided on the second flexible substrate and electrically
that is connected to the second semiconductor element by
depressing the wiring groups through the use of a tool, and a
step of suppressing the tension of the flexible substrates,
which is generated due to the second step of bonding by
depressing through the by use of a tool, by removing the
supporting member, which is performed after the second step.
[0049] In an aspect of the semiconductor device of the
present invention, the semiconductor device is provided with
a plurality of semiconductor packages each having a semi-
conductor element and a flexible substrate in which the semi-
conductor element is provided with an overlap and is electri-
cally connected, an end portion of the flexible substrate that
extends from side surfaces of the semiconductor element, and
that has wirings on both surfaces; and a mother substrate on a
front surface of which the plurality of semiconductor pack-
ages are stacked. The semiconductor device includes a
stacked semiconductor package in which the end portions of
the plurality of flexible substrates have bonded portions
which are bonded together by the wirings, and the plurality of
semiconductor packages are electrically connected to the
mother substrate via the bonded portions. In at least a part of
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a portion where regions of the plurality of flexible substrates
are present between the side surfaces of each of the semicon-
ductor elements and the bonded portions of the flexible sub-
strates, and in which the plurality of flexible substrates extend
from the side surfaces of each of the semiconductor elements,
the plurality of flexible substrates have a curved portion, and
the shape of the curved portion of at least one of the flexible
substrates is different from the shape of a curved portion of
another flexible substrate adjacent to the flexible substrate.
[0050] Inanother aspect ofthe semiconductor device of the
present invention, the semiconductor device is provided with
a plurality of semiconductor packages each having a plate-
like semiconductor element and a flexible substrate in which
the semiconductor element is provided with an overlap and is
electrically connected, end portions of the flexible substrate
that extend from side surfaces of each of the semiconductor
elements, and that has wirings on both surfaces; and a mother
substrate on a front surface of which the plurality of semicon-
ductor packages are stacked. The semiconductor device
includes a stacked semiconductor package in which the end
portions of the plurality of flexible substrates have bonded
portions which are bonded together by the wirings, and the
plurality of semiconductor packages are electrically con-
nected to the mother substrate via the bonded portions. Both
end portions of at least one of the flexible substrates are
bonded to the bonded portions, with a region between the side
surfaces of the semiconductor elements and the bonded por-
tions kept in a loose condition.

[0051] The semiconductor device of the present invention
is further provided with a resin member which reduces the
stress generated in the bonded portions of the flexible sub-
strates, and which is provided between the semiconductor
package and the mother substrate or two adjacent semicon-
ductor packages. By arranging this resin member, it is pos-
sible that the shape of the curved portion of at least one
flexible substrate and the shape of a curved portion of another
flexible substrate adjacent to this flexible substrate are difter-
ent from each other.

[0052] In the semiconductor device of the present inven-
tion, the resin member is provided in a part of a region present
between the semiconductor package and the mother substrate
or a part of a region present between two adjacent semicon-
ductor packages.

[0053] As described above, according to the present inven-
tion, in a method of manufacturing a semiconductor device
having a step of bonding together a plurality of flexible sub-
strates on each of which a semiconductor element is mounted
by depressing the plurality of flexible substrates by use of a
tool, the method of manufacturing a semiconductor device
has a step of suppressing the tension generated in the flexible
substrates by depressing the plurality of flexible substrates by
use of a tool. As a result of this, the stress generated in the
bonded portions of the flexible substrates is reduced and this
enables the reliability of the bonded portions to be improved.
[0054] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

First Embodiment

[0055] FIG. 1A shows a sectional view of the essential part
of'a semiconductor device of the first embodiment. FIG. 1B
shows a plan view of the semiconductor device of the first
embodiment.

[0056] The semiconductor device shown in these figures is
configured in such a manner that four semiconductor pack-
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ages 2105, i.e., the first to fourth semiconductor packages are
stacked on mother substrate 1. Each of first to fourth semi-
conductor packages 2 to 5 includes semiconductor element 6
and flexible substrate 7.

[0057] As shown in FIG. 1A, semiconductor element 6 is
provided on a front surface of flexible substrate 7, and bump
8 provided on a front surface of semiconductor element 6 and
wirings 9 of flexible substrate 7 are bonded together, whereby
semiconductor element 6 and flexible substrate 7 are electri-
cally connected together. Encapsulant resin 10 is provided
between a back surface of semiconductor element 6 and the
front surface of flexible substrate 7, and a bonded portion
between bump 8 of semiconductor element 6 and wirings 9 is
protected by this encapsulant resin 10.

[0058] Inthis embodiment, silicon having a thickness in the
order of 0.1 mm is used as semiconductor element 6, poly-
imide resin 20 having a thickness in the order 0f 0.025 mm is
used as flexible substrate 7, and copper having a thickness in
the order of 0.01 mm is used as wirings 9 provided on the front
surface of flexible substrate 7.

[0059] Incidentally, a coating consisting of nickel and the
like is applied to a surface of wirings 9 thereby to protect the
surface, and surfaces of areas where it is necessary to insulate
wirings 9 are covered with a thin resin film. Wirings 9 pro-
vided on both surfaces of flexible substrate 7 are electrically
connected with each other via a plurality of through-vias (not
shown) provided in polyimide 20. A glass epoxy substrate
having two-layer wirings is used as mother substrate 1.

[0060] First semiconductor package 2 disposed at the low-
est level of first to fourth semiconductor packages 2 to 5,
which are stacked, is electrically connected to mother sub-
strate 1, because terminals disposed in a row on mother sub-
strate 1 and some of wirings 9 are bonded together. Above the
bonded portions between mother substrate 1 and first semi-
conductor package 2, wirings 9 of first semiconductor pack-
age 2 and wirings 9 of second semiconductor package 3,
which is disposed in a position one level higher than first
semiconductor package 2, are bonded together. As a result of
this, second semiconductor package 3 is electrically con-
nected to mother substrate 1 via first semiconductor package
2 positioned at a level lower than second semiconductor pack-
age 3.

[0061] Similarly, above the bonded portions between
mother substrate 1 and first semiconductor package 2, wirings
9 of second semiconductor package 3 and wirings 9 of third
semiconductor package 4, which is disposed in a position one
level higher than second semiconductor package 3, are
bonded together. As a result of this, third semiconductor
package 4 is electrically connected to mother substrate 1 via
first and second semiconductor packages 2, 3 positioned at
levels lower than third semiconductor package 4.

[0062] Also, above the bonded portions between mother
substrate 1 and first semiconductor package 2, wirings 9 of
third semiconductor package 4 and wirings 9 of fourth semi-
conductor package 5, which is disposed in a position one level
higher than third semiconductor package 4, are bonded
together. As a result of this, fourth semiconductor package 5
is electrically connected to mother substrate 1 via first to third
semiconductor packages 2 to 4 positioned at levels lower than
fourth semiconductor package 5. The portion where the plu-
rality of flexible substrates 7 are stacked and are each bonded
to mother substrate 1 is called bonded portion 201 of flexible
substrates 7.
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[0063] Solder balls 11 are provided on the surface of
mother substrate 1 opposite to the surface where first to fourth
semiconductor packages 2 to 4 are disposed. The structure in
which mother substrate 1 and the plurality of semiconductor
packages 2 to 5 are stacked is called stacked semiconductor
package 19.

[0064] Each offlexible substrates 7 is bending-deformed in
order to compensate for differences in the height of the bond-
ing position of semiconductor packages 2 to 5. Furthermore,
at least flexible substrate 7 of fourth semiconductor package
5, which is positioned at the highest level, is bending-de-
formed so as to reduce the tension generated during the bond-
ing of flexible substrate 7. As a result of this, the tensile stress
generated in bonded portion 201 between flexible substrate 7
of fourth semiconductor package 5 and flexible substrate 7 of
third semiconductor package 4 is reduced and the reliability
of'above-described bonded portion 201 is improved.

[0065] Thatis, as shown in the sectional view of FIG. 1A, in
the end portions of the plurality of flexible substrates 7, which
are extended to the outside a region where semiconductor
elements 6 and flexible substrates 7 overlap each other, flex-
ible substrates 7 have curved portions 202 in at least a part of
the region between the side surfaces of semiconductor ele-
ments 6 and bonded portions 201 of flexible substrates 7.
Regarding the sectional shape of curved portions 202, the
shapes of curved portions 202 of flexible substrates 7 which
are adjacent to each other are different from each other.
[0066] In other words, the curvature of curved portion 202
of flexible substrate 7 which intersects any normal line on the
front surface of mother substrate 1 and the curvature of curved
portion 202 of another flexible substrate 7 adjacent to this
flexible substrate 7 in a position where the curved portion
intersects the normal line of curved portion 202 are different
from each other in at least a part of a region between the side
surfaces of semiconductor elements 6 and bonded portions
201 of flexible substrates 7.

[0067] It can also be otherwise said that the inclination of
the front surfaces of curved portions 202 is positive (plus)
with respect to the direction of X-axis, for curved portions
202 of flexible substrates 7 in at least a part of a region, as
shown in FIG. 1A, at a position between the side surfaces of
semiconductor elements 6 and bonded portions 201 of flex-
ible substrates 7, on a section formed by an direction of
X-axis, which is parallel to the front surface of the mother
substrate and which is the direction that is headed away from
semiconductor elements 6 to bonded portions 201, and
formed by a direction of'Y-axis, which is a normal direction of
the front surface of mother substrate 1. This means that in
FIG. 1A, apart of curved portion 202 of flexible substrate 7 of
first semiconductor package 2 disposed at the lowest level,
i.e., the portion of curved portions 202 on semiconductor
element 6 side, bulges upward with respect to the direction of
Y-axis.

[0068] Furthermore, it can also be otherwise said that the
front surfaces of curved portions 202 have an apex with
respect to the direction of X-axis of FIG. 1A, for curved
portions 202 of flexible substrates 7 in at least a part of a
region, at a position between the side surfaces of semicon-
ductor elements 6 and bonded portions 201 of flexible sub-
strates 7, on a section formed by the directions of the X-axis
and Y-axis. This means that in FIG. 1A, a part of curved
portion 202 of flexible substrate 7 of first semiconductor
package 2 disposed at the lowest level, i.e., the portion of
curved portions 202 on semiconductor element 6 side, drops
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toward bonded portion 201 from a position where curved
portions 202 bulge upward with respect to the direction of
Y-axis.

[0069] Incidentally, a structure in which a plurality of semi-
conductor packages 2 to 5 are stacked, disposed on the front
surface of mother substrate 1, and which are electrically con-
nected to mother substrate 1 via bonded portions 201 of
flexible substrates 7, is called stacked semiconductor package
19.

[0070] FIGS. 2A and 2B show an example of a semicon-
ductor module on which stacked semiconductor package 19
manufactured according to the method of manufacturing a
semiconductor device of the first embodiment is mounted.
The semiconductor module is configured by mounting a plu-
rality of stacked semiconductor packages 19 on printed cir-
cuit board 12 on which wiring patterns (not shown) are
formed. External connection terminal 13 is formed on printed
circuit board 12.

[0071] The manufacturing process of the semiconductor
device of the first embodiment is shown in FIGS. 3A and 3B
and FIGS. 4A to 4F. A step of fabricating semiconductor
package 6 which is subjected to bending deformation for
reducing the tension of flexible substrate 7 is shown.

[0072] (1) First, as shown in FIGS. 3A and 3B, semicon-
ductor element 6 is provided on flexible substrate 7, and a
plurality of semiconductor packages 2 to 5 are fabricated.
Bump 8 provided on the front surface of semiconductor ele-
ment 6 and wirings 9 are bonded together, whereby semicon-
ductor element 6 and wirings 9 of flexible substrate 7 are
electrically connected. By providing encapsulant resin 10
between the back surface of semiconductor element 6 and the
front surface of flexible substrate 7, abonded portion between
bump 8 of semiconductor element 6 and wirings 9 is pro-
tected.

[0073] (2) Next, as shown in FIG. 4A, spacer 14 and semi-
conductor packages 2 to 5 are stacked on mother substrate 1
in this order. Spacer 14 is a PTFE sheet (polytetrafluoroeth-
ylene sheet) having a thickness, for example, in the order of
0.3 mm.

[0074] (3) Next, a load is applied to an upper part of semi-
conductor element 6 positioned at the highest level via jig 15
made from, for example, a stainless steel plate, whereby
semiconductor packages 2 to 5, spacer 14 and mother sub-
strate 1 are fixed. Subsequently, the end portions of a plurality
of flexible substrates 7 on one side extending horizontally
from semiconductor elements 6 are depressed as a whole by
use of tool 16, whereby one end of each of flexible substrates
7 is bent At this time, a load is applied to the plurality of
flexible substrates 7 by use of tool 16 from above one end
portion of flexible substrate 7 positioned at the highest level,
whereby one end portion of each of flexible substrates 7 is
bending-deformed while flexible substrates 7 which are adja-
cent to each other are being brought into contact with each
other. As a result, wirings 9 of stacked semiconductor pack-
ages 2 to 5 and mother substrate 1 are bonded together.
[0075] (4) Subsequently, as shown in FIG. 4C, the end
portions of the plurality of flexible substrates 7 on the other
side extending horizontally from semiconductor elements 6
are depressed as a whole by use of tool 16, whereby the other
end portions of each of flexible substrates 7 are bent and
wirings 9 of first to fourth semiconductor packages 2 to 5 and
mother substrate 1 are bonded together.

[0076] In this embodiment, as shown in FIGS. 4B and 4C,
bonded portion 201 is formed by depressing both end por-
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tions of flexible substrates 7 by use of tool 16 only one side at
a time. The method of bonding is not limited to this, but both
end portions of flexible substrates 7 may be bonded together
by a one bonding step. In a bonding step which involves using
tool 16, it is possible to perform the bonding of wirings with
good efficiency by using a heating tool or an ultrasonic tool.
[0077] As a result of the bending deformation of flexible
substrates 7 by use of tool 16, tension 17 is generated in
flexible substrates 7. Due to tension 17, tensile stress 18 is
generated in bonded portion 201 between flexible substrates
7 and in bonded portion 20 between mother substrate 1 and
flexible substrate 7. The magnitude of tension 17 is the largest
in flexible substrate 7 of fourth semiconductor package 5
positioned at the highest level This is because the amount of
deformation caused by the bending of flexible substrate 7 of
fourth semiconductor package 5 positioned at the highest
level is the largest That is, the largest tensile stress is gener-
ated at the bonding interface between flexible substrate 7
positioned at the highest level and flexible substrate 7 posi-
tioned immediately thereunder. If this tensile stress is exces-
sive, the bonding interface between flexible substrates 7 may
be fractured. For this reason, it is necessary to minimize the
tensile stress generated at the bonding interface by reducing
the above-described tension 17, thereby increasing the reli-
ability of the bonded portion.

[0078] (5)Next, as shown in FIG. 4D, spacer 14 is removed
from between flexible substrate 7 positioned at the lowest
level and mother substrate 1. Because clearance is obtained
by the space from which spacer 14 is removed, tension 17
generated in flexible substrates 7 decreases.

[0079] (6) Next, as shown in FIG. 4E, a load is applied in a
direction vertical to the front surface of mother substrate 1 by
use oftool 15 formed from, for example, a stainless steel plate
from above semiconductor elements 6 positioned at the high-
est level, whereby semiconductor elements 6 are pushed
against mother substrate 1. At this time, each of flexible
substrates 7 is deformed and tension 17 decreases further. As
a result of this, the stress generated in bonded portion 201 of
flexible substrates 7 is reduced and it is possible to improve
the reliability of bonded portion 201.

[0080] (7) Last, as shown in FIG. 4F, solder balls 11 are
provided on a surface of mother substrate 1 opposite to the
surface where first to fourth semiconductor packages 2 to 5
are disposed.

Second Embodiment

[0081] Next, another embodiment is shown as a method of
reducing the stress generated in bonded portions 201 of flex-
ible substrates 7 by reducing the tension of flexible substrates
7.

[0082] FIGS. 5A to 5F show the manufacturing process of
a semiconductor device of the second embodiment. A step of
fabricating a stacked semiconductor package which involves
bending deformation for reducing the tension of flexible sub-
strates 7 is shown. FIG. 6 shows a plan view of FIG. 5D.
[0083] (1) First, in the same manner as in the first embodi-
ment, as shown in FIG. 3A, semiconductor element 6 is
provided on flexible substrate 7, and first to fourth semicon-
ductor packages 2 to 5 are fabricated.

[0084] (2) Next, semiconductor packages 2 to 5 are dis-
posed by stacking on mother substrate 1. Subsequently, as
shown in FIG. 5A, longitudinal members 21 that function as
apair of spacers are inserted at least in the vicinity where both
side surfaces of semiconductor element 6 are opposite each,
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semiconductor element 6 being below flexible substrate 7 of
fourth semiconductor package 5 positioned at the highest
level. Needle members made of, for example, metal may be
used as longitudinal members 21.

[0085] (3) Next, a load is applied to an upper portion of
semiconductor element 6 positioned at the highest level by
use of jig 15 fabricated from, for example, a stainless steel
plate, whereby semiconductor packages 2 to 5 and mother
substrate 1 are fixed. Subsequently, the end portions of a
plurality of flexible substrates 7 on one side extending hori-
zontally from semiconductor elements 6 are depressed as a
whole by use of tool 16, whereby one end of each of flexible
substrates 7 is bent. At this time, longitudinal members 21 are
fixed so that long members 21 become supporting parts dur-
ing the bending of the end portions of flexible substrates 7. As
shown in FIG. 5B, a load is applied to the plurality of flexible
substrates 7 by use of tool 16 from above one end portion of
flexible substrate 7 positioned at the highest level, whereby
one end portion of each of flexible substrates 7 is bending-
deformed while flexible substrates 7 which are adjacent to
each other are being brought into contact with each other.

[0086] As a result, wirings 9 of stacked semiconductor
packages 2 to 5 and mother substrate 1 are bonded together.
Above the bonded portions between mother substrate 1 and
first semiconductor package 2, wirings 9 of first semiconduc-
tor package 2 and wirings 9 of second semiconductor package
3, which is disposed in a position one level higher than first
semiconductor package 2, are bonded together, whereby sec-
ond semiconductor package 3 is electrically connected to
mother substrate 1 via first semiconductor package 2 posi-
tioned at a level lower than second semiconductor package 3.

[0087] Similarly, above the bonded portions between
mother substrate 1 and first semiconductor package 2, wirings
9 of second semiconductor package 3 and wirings 9 of third
semiconductor package 4, which is disposed in a position one
level higher than second semiconductor package 3, are
bonded together, whereby third semiconductor package 4 is
electrically connected to mother substrate 1 via first and sec-
ond semiconductor packages 2, 3 positioned at levels lower
than third semiconductor package 4. Also, similarly, above
the bonded portions between mother substrate 1 and first
semiconductor package 2, wirings 9 of third semiconductor
package 4 and wirings 9 of fourth semiconductor package 5,
which is disposed in a position one level higher than third
semiconductor package 4, are bonded together, whereby
fourth semiconductor package 5 is electrically connected to
mother substrate 1 via first to third semiconductor packages 2
to 4 positioned at levels lower than fourth semiconductor
package 5. In the bonding performed using tool 16, it is
possible to perform the bonding of wirings 9 with good effi-
ciency by using a heating tool or an ultrasonic tool.

[0088] (4) Next, as shown in FIG. 5C, end portions of the
plurality of flexible substrates 7 on the other side extending
horizontally from semiconductor elements 6 are depressed as
a whole, whereby the other end portion of each of flexible
substrates 7 is bent and wirings 9 of first to fourth semicon-
ductor packages 2 to 5 and mother substrate 1 are bonded
together. As a result of the bending deformation of flexible
substrates 7 by use of tool 16, tension 17 is generated in
flexible substrates 7. Due to this tension 17, tensile stress 18
is generated in bonded portion 201 between flexible sub-
strates 7 and in bonded portion 201 between mother substrate
1 and flexible substrate 7 as shown in FIG. 5D.
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[0089] (5) Next, the pair of longitudinal members 21 is
removed from between flexible substrates 7. As a result of the
removal of longitudinal members 21, longitudinal members
21 no longer support flexible substrates 7 and, as shown in
FIG. SE, tension 17 generated in flexible substrates 7
decreases. As a result of this, tensile stress 18 generated in
bonded portion 201 between flexible substrates 7 is reduced
and it is possible to improve the reliability of bonded portion
201.

[0090] (6) Last, as shown in FIG. 5F, solder balls 11 are
provided on a surface of mother substrate 1 opposite to the
surface where first to fourth semiconductor packages 2 to 5
are disposed.

[0091] FIG. 7A is a diagram showing the stress distribution
at a bounding interface between flexible substrate 7 posi-
tioned at the highest level and flexible substrate 7 positioned
immediately thereunder in semiconductor packages fabri-
cated on the basis of the method of manufacturing the semi-
conductor device described in the first embodiment. FIG. 7A
shows, for comparison, also the stress distribution of a struc-
ture related to the present invention, which was fabricated by
the method of manufacturing a semiconductor device not
including the step of reducing the tension of flexible sub-
strates 7. The abscissa of FIG. 7A indicates the distance in the
direction of distance x from the interface end portion of
bonded portion 201 shown in FIG. 7B which is zero (origin).
The ordinate of FIG. 7A indicates the magnitude of the prin-
cipal stress.

[0092] As shown in FIG. 7A, in the structure of the semi-
conductor packages of this embodiment, the tensile stress
generated at the interface of bonded portion 201 decreases.
Therefore, in this embodiment, it is possible to improve the
reliability of bonded portions 201 of flexible substrates 7.

Third and Fourth Embodiments

[0093] FIG. 8 shows a sectional view of the essential part of
a semiconductor device of the third embodiment. FIG. 9
shows a plan view of a spacer of the semiconductor device of
the third embodiment shown in FIG. 8 provided on mother
substrate 1. FIG. 10 is a plan view showing a spacer of the
semiconductor device of the fourth embodiment, which is a
modification of the configuration shown in FIG. 9.

[0094] In this embodiment, resin members 101 as spacers
are provided between mother substrate 1 and first semicon-
ductor package 2. After the bonding of a plurality of flexible
substrates 7 in bonded portions 201, semiconductor elements
6 of fourth semiconductor package 5 positioned at the highest
level are depressed, whereby resin members 101 are
deformed so that the height of resin members 101 decreases.
A decrease in the height of resin members 1101 results in the
relief of the stress generated in bonded portions 201 of flex-
ible substrates 7.

[0095] Either thermoplastic resins or thermosetting resins
may be used as the material for resin members 101. When
thermoplastic resins are used, it is desirable to use polyimide
resins, polypropylene resins, polyethylene resins and the like.
Semiconductor elements 6 are deformed by being depressed,
with resin members 101 softened in a heated atmosphere.
When thermoplastic resins are used, it is desirable to use
epoxy resins, phenol resins, melamine resins, urea resins,
unsaturated polyester resins, alkyd resins, polyurethane, ther-
mosetting polyimide and the like. Semiconductor elements 6
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are deformed by being depressed at temperatures below the
setting temperatures, and the thermosetting resin is thereafter
caused to set by being heated.

[0096] For the shape of resin member 101, as shown in
FIGS. 9 and 10, it is preferred that resin member 101 have a
shape partly covering the space between mother substrate 1
and semiconductor element 6 of first semiconductor package,
and not covering the entire space. This is because it is neces-
sary to leave gap 110 into which resin member 101 spreads
when resin member 101 is depressed. Incidentally, the shape
of resin member 101 is not limited to the shapes shown in
FIGS. 9 and 10, but any shape can be adopted so long as the
shape has gap 110. That is, it is preferred that resin member
101 be provided in a part of a region present between the front
surface of mother substrate 1 and semiconductor element 6 of
first semiconductor package 2.

Fifth Embodiment

[0097] FIG. 11 is a sectional view showing the essential
part of a semiconductor device of the fifth embodiment.
[0098] In this embodiment, as shown in FIG. 11, resin
members 101 are disposed between flexible substrate 7 of
third semiconductor package 4 and flexible substrate 7 of
fourth semiconductor package 5. After the bonding of a plu-
rality of flexible substrates 7 in bonded portions 201, the
positions of flexible substrates 7 corresponding to the resin
members are depressed, whereby resin members 101 are
deformed so that the height of resin members 101 decreases.
A decrease in the height of resin members 101 results in the
relief of stress generated in bonded portions 201 of flexible
substrates 7.
[0099] In addition, the installation position of resin mem-
bers 101 is not limited to between flexible substrate 7 of third
semiconductor package 4 and flexible substrate 7 of fourth
semiconductor package 5. Resin members may be provided
in any position between two semiconductor packages which
are adjacent to each other in semiconductor packages 2 to 4.
That is, it is necessary only that resin members 101 be pro-
vided in a part of a region between two semiconductor pack-
ages which are adjacent to each other.
[0100] Itis apparent that the present invention is not limited
to the above embodiments, but may be modified and changed
without departing from the scope and spirit of the invention.
What is claimed is:
1. A semiconductor device comprising:
aplurality of semiconductor packages each having a semi-
conductor element and a flexible substrate in which the
semiconductor element is provided with an overlap and
is electrically connected, an end portion of the flexible
substrate that extends from side surfaces of the semicon-
ductor element, and that has wirings on both surfaces;
and
a mother substrate on a front surface of which the plurality
of semiconductor packages are stacked,
wherein the semiconductor device includes a stacked semi-
conductor package in which the end portions of the
plurality of flexible substrates have bonded portions
which are bonded together by the wirings, and the plu-
rality of semiconductor packages are electrically con-
nected to the mother substrate via the bonded portions,
wherein, in at least a part of a portion where regions of the
plurality of flexible substrates are present between the
side surfaces of each of the semiconductor elements and
the bonded portions of the flexible substrates, and in
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which the plurality of flexible substrates extend from the
side surfaces of each of the semiconductor elements, the
plurality of flexible substrates have a curved portion and

wherein the shape of the curved portion of at least one of
the flexible substrates is different from the shape of a
curved portion of another flexible substrate adjacent to
the flexible substrate.

2. The semiconductor device according to claim 1, wherein

the curvature of the curved portion of the flexible substrate
in a portion where the curved portion intersects a normal
line of the front surface of the mother substrate is differ-
ent, in at least a part of a region, from the curvature of a
curved portion of another flexible substrate adjacent to
the flexible substrate in a position where the curved
portion intersects the normal line.

3 The semiconductor device according to claim 1, wherein

the curved portion of the flexible substrate in at least the
part of the region is such that, in a section formed by a
direction which heads away from the semiconductor
elements to the bonded portions and formed by a normal
line direction of the front surface of the mother substrate,
the inclination of the front surface of the curved portion
is positive with respect to a direction which is parallel to
the front surface of the mother substrate and which heads
from the semiconductor elements to the bonded por-
tions.

4. The semiconductor device according to claim 1, wherein

the curved portion of the flexible substrate in at least a part
of the region is such that, in a section formed by a
direction which heads away from the semiconductor
elements to the bonded portions and formed by a normal
line direction on the front surface of the mother sub-
strate, the front surface of the curved portion has an apex
with respect to the direction which is parallel to the front
surface of the mother substrate.

5. The semiconductor device according to claim 1, further

comprising:

a resin member which reduces stress generated in the
bonded portion of the flexible substrate, and which is
provided between the semiconductor package and the
mother substrate or between two adjacent semiconduc-
tor packages.

6. The semiconductor device according to claim 5, wherein

the resin member is provided in a part of a region between
the semiconductor package and the mother substrate or
in a part of a region between two adjacent semiconductor
packages.

7. A semiconductor device, comprising:

a plurality of semiconductor packages each having a plate-
like semiconductor element and a flexible substrate in
which the semiconductor element is provided with an
overlap and is electrically connected, an end portion of
the flexible substrate that extends from side surfaces of
the semiconductor element, and that has wirings on both
surfaces; and

a mother substrate on a front surface of which the plurality
of semiconductor packages are stacked,

wherein the semiconductor device includes a stacked semi-
conductor package in which the end portions of the
plurality of flexible substrates have bonded portions
which are bonded together by the wirings, and the plu-
rality of semiconductor packages are electrically con-
nected to the mother substrate via the bonded portions,
and
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wherein both end portions of at least one of the flexible
substrates are bonded to the bonded portions, with a
region between the side surfaces of the semiconductor
element and the bonded portions kept in a loose condi-
tion.

8. The semiconductor device according to claim 7, wherein

at least a part of a region present between the side surfaces
of'the semiconductor element and the bonded portions in
both end portions of the semiconductor package, which
is disposed adjacent to the front surface of the mother
substrate, has a gap between the flexible substrate and
the front surface of the mother substrate.

9. A method of manufacturing a semiconductor device
comprising: a plurality of semiconductor packages each hav-
ing a semiconductor element and a flexible substrate in which
the semiconductor element is provided with an overlap and is
electrically connected, an end portion of the flexible substrate
that extends from side surfaces of the semiconductor element,
and that has wirings on both surfaces; and a mother substrate
on a front surface of which the plurality of semiconductor
packages are stacked, and the semiconductor device that
includes a stacked semiconductor package in which the end
portions of the plurality of flexible substrates have bonded
portions which are bonded together by the wirings, and the
plurality of semiconductor packages are electrically con-
nected to the mother substrate via the bonded portions, the
method having:

a first step of disposing the plurality of semiconductor
packages and a spacer for spacing the semiconductor
element or the flexible substrate from the mother sub-
strate by stacking them on the front surface of the mother
substrate;

asecond step of forming the bonded portions by depressing
the end portions of the plurality of flexible substrates;

a third step of removing the spacer from the stacked semi-
conductor package; and

a fourth step of bringing the plurality of semiconductor
packages into intimate contact with the mother substrate
by depressing the semiconductor elements of the semi-
conductor packages which are stacked on the mother
substrate.

10. The method of manufacturing a semiconductor device

according to claim 9, wherein

in the first step the spacer is provided by being brought into
contact with the mother substrate.

11. The method of manufacturing a semiconductor device

according to claim 9, wherein

in the first step the spacer is provided between the flexible
substrate and the flexible substrate.

12. The method of manufacturing a semiconductor device

according to claim 9, wherein

in the first step the spacer is disposed in both end portions
of the flexible substrate.
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13. The method of manufacturing a semiconductor device
according to claim 9, wherein

in the second step bonding is performed by depressing the
bonded portions of the flexible substrates by use of an
ultrasonic tool.

14. The method of manufacturing a semiconductor device

according to claim 9, wherein

in the second step bonding is performed by depressing the
bonded portions of the flexible substrates by use of a
heating tool.

15. A method of manufacturing a semiconductor device
comprising: a plurality of semiconductor packages each hav-
ing a semiconductor element and a flexible substrate in which
the semiconductor element is provided with an overlap and is
electrically connected, an end portion of the flexible substrate
that extends from side surfaces of each of the semiconductor
elements, and that has wirings on both surfaces; and a mother
substrate on a front surface of which the plurality of semicon-
ductor packages are stacked, and the semiconductor device
that includes a stacked semiconductor package in which the
end portions of the plurality of flexible substrates have
bonded portions which are bonded together by the wirings,
and the plurality of semiconductor packages are electrically
connected to the mother substrate via the bonded portions, the
method having:

a first step of disposing the plurality of semiconductor
packages and a spacer for spacing the semiconductor
element or the flexible substrate from the mother sub-
strate by stacking them on the front surface of the mother
substrate;

a second step of forming the bonded portions by depressing
the end portions of the plurality of flexible substrates;
and

a third step of deforming the spacer by depressing the
semiconductor elements or flexible substrates of the
semiconductor packages which are stacked on the
mother substrate.

16. The method of manufacturing a semiconductor device

according to claim 15, wherein

in the third step the spacer is formed of a resin material.

17. The method of manufacturing a semiconductor device
according to claim 15, wherein

in the third step the spacer is provided by being brought
into contact with the mother substrate.

18. The method of manufacturing a semiconductor device

according to claim 15, wherein

in the third step the spacer is provided between the flexible
substrate and the flexible substrate.

19. The method of manufacturing a semiconductor device

according to claim 15, wherein

in the third step the space is formed to have a shape having
a gap which widens when the spacer is deformed.
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