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(57) Abstract: In a semiconductor device (1) according to the present invention, a solder resist (8) has a plurality of openings
(8a-8f) that expose electrodes (5a-51). Solder bumps (9a- 9f) are formed in the openings and each have a solder ball portion pro-
truding from the corresponding opening. The height of the openings is set to increase with increasing gap distance between the
electrodes of an interposer substrate (6) and board electrodes (10a- 101) of a printed wiring board (11) on which the semiconduc-
tor device (1) is mounted. Thus, the solder bumps that correspond to sections where the gap distance is large can be increased in
height, whereas the solder bumps that correspond to sections where the gap distance is small can be decreased in height, thereby
avoiding the occurrence of defective joints caused by a reduction in size and thickness of the interposer substrate, as well as ex-
tending the lifespan of solder joints.
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Description

Title of Invention: SEMICONDUCTOR DEVICE AND STACKED-

[0001]

[0002]

[0003]

[0004]

TYPE SEMICONDUCTOR DEVICE
Technical Field

The present invention relates to semiconductor devices and stacked-type semi-
conductor devices in which solder bumps serve as external connection terminals.
Background Art

In the related art, digital apparatuses, including mobile apparatuses, digital cameras,
and digital video cameras, have been reduced in size, and semiconductor devices that
allow for higher density packaging have been used for mounting components within a
smaller space. As examples of such semiconductor devices, chip scale packages
(CSPs) and ball grid array (BGA) packages have been widely used. Regarding CSPs
and BGA packages, solder bumps serving as external connection terminals are formed
at a lower surface of a package in place of lead terminals so that the mounting area can
be reduced. By using such CSPs and BGA packages to reduce the area of a printed
wiring board, the demands for size reduction of the aforementioned apparatuses can be
met. In order to meet the demands for further size reduction of such apparatuses in
recent years, there is a growing need for further reducing the size of CSPs and BGA
packages. However, reducing the thickness of a CSP or a BGA package to meet the
demands for size reduction of such apparatuses leads to reduced rigidity of the semi-
conductor device. This tends to increase the amount of warping of the CSP or the BGA
package due to heating during a solder joining process in a reflow step.

Warping of the CSP or the BGA package causes a gap to form between terminal
electrodes of the semiconductor device and board electrodes of the printed wiring
board when the semiconductor device and the printed wiring board are joined to each
other, causing defective solder joints to occur. If the connection terminals of the CSP
or the BGA package are to be arranged at a narrow pitch, it is necessary to reduce the
volume of the solder bumps to prevent the occurrence of bridging between the solder
bumps. This results in reduced height of the solder bumps. Furthermore, in order to
prevent the occurrence of bridging between the connection terminals arranged at a
narrow pitch, it is also necessary to reduce the amount of solder paste, which is to
serve as the board electrodes to be printed on the printed wiring board. As a result, the
gap formed between the solder bumps and the solder paste printed on the printed
wiring board becomes larger due to the warping of the CSP or the BGA package. This
leads to a problem in that defective solder joints tend to occur readily.

As a countermeasure against this problem, PTL 1 discusses a method that reduces the
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occurrence of defective joints by gradually increasing the height of the solder bumps
relative to the electrodes toward the periphery of the semiconductor device where the
semiconductor device is warped by a great amount. In detail, PTL 1 proposes two
methods, namely, a method in which the supply of solder bumps is uniform but the
diameter of openings in a resist is reduced toward the periphery of an interposer
substrate, and a method in which the supply of solder bumps is gradually increased

toward the periphery of the interposer substrate.
[0005] However, with the aforementioned method in which the diameter of the openings in

the resist is gradually reduced, the reduced diameter results in a reduced joint area
between the solder bumps and the electrodes. This results in increased load due to a
heating cycle occurring when the power of the semiconductor device is turned on and
off. Moreover, even if the diameter of the openings in the resist is reduced, since the
solder bumps formed on the electrodes of the interposer substrate are each formed by
surface tension into a spherical shape that is larger in size than the diameter of the cor-
responding opening in the resist, it is difficult to ensure sufficient height for the solder
bumps, resulting in a low effect for reducing the occurrence of defective solder joints
between the solder bumps and the board electrodes. Specifically, with this method,
because the solder joint area is small in sections where the warping amount of the in-
terposer substrate is large, the solder joint strength is reduced, and the lifespan of the
solder joints is shortened.

[0006]  The lifespan of the solder joints of the solder bumps is evaluated on the basis of an
accumulation of distortion occurring in the solder bumps due to a mismatch between
linear coefficients of expansion of the semiconductor device and the printed wiring
board. Therefore, since distortion tends to occur when the contact area of the solder
joints is small, it is necessary to ensure sufficient height for the solder bumps by
forming the solder bumps with a maximum possible contact area in order to extend the
lifespan of the solder joints. Specifically, it is necessary to ensure flatness of the solder
bumps by increasing the height of the solder bumps from the electrodes so as to
compensate for the warping of the interposer substrate, so that the solder bumps can be
reliably soldered to the printed wiring board. However, with the method of the related
art in which the supply of solder is gradually increased, the amount of solder is simply
increased where the warping amount is large. Therefore, when the terminals are
arranged at a narrow pitch, bridging occurs between the solder bumps, which results in

a problem of defective joints different from the aforementioned defective joints.
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[0008]

[0009]

[0010]

[0011]

[0012]

[0013]

[0014]

Summary of Invention
The present invention provides a semiconductor device that avoids the occurrence of
defective solder joints caused by a reduction in size and thickness of an interposer

substrate and that allows for a longer lifespan of solder joints.

Solution to Problem

A semiconductor device mounted on a printed wiring board according to the present
invention includes an interposer substrate having a plurality of electrodes; a semi-
conductor element mounted on the interposer substrate; a solder resist provided on the
interposer substrate and having a plurality of openings that expose the electrodes; and a
plurality of solder bumps that protrude from the openings and connect the electrodes
with board electrodes of the printed wiring board. The solder resist that forms the
openings has a height that is set to increase with increasing gap distance between the
electrodes of the interposer substrate and the board electrodes of the printed wiring
board.

Further features of the present invention will become apparent from the following de-
scription of exemplary embodiments with reference to the attached drawings.
Brief Description of Drawings
[fig.1A-1B]Figs. 1A-1B are cross-sectional views illustrating a schematic con-
figuration of a semiconductor device according to a first embodiment of the present
invention.
[fig.2A-2G]Figs. 2A-2G illustrate steps for forming a solder resist.
[fig.3]Fig. 3 is a cross-sectional view illustrating a schematic configuration of a semi-
conductor device according to a second embodiment of the present invention.
[fig.4]Fig. 4 is a cross-sectional view illustrating a schematic configuration of a
stacked-type semiconductor device according to another embodiment of the present
invention.
Description of Embodiments

Embodiments of the present invention will be described in detail below with
reference to the drawings.
First Embodiment

Figs. 1A and 1B illustrate a schematic configuration of a semiconductor device
according to a first embodiment of the present invention. As shown in Fig. 1A, a semi-
conductor device 1 includes a semiconductor element 2 and an interposer substrate 6
with the semiconductor element 2 mounted thereon, and is mounted on a printed
wiring board 11, such as a motherboard, serving as a printed wiring board.

The surface of the interposer substrate 6 on which the semiconductor element 2 is

mounted will be defined as a top surface 6a. The top surface 6a is provided with a
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[0015]

[0016]

[0017]

[0018]

wire-bonding electrode 4. The semiconductor element 2 and the electrode 4 are
connected to each other via a wire 3. The semiconductor element 2, the wire 3, and the
electrode 4 are covered with molded resin 7. Although a wire-bonding technique is
used for the mounting of the semiconductor element 2 in the first embodiment, a flip-
chip technique may be used as an alternative. Furthermore, multiple semiconductor
elements may be mounted on the top surface 6a of the interposer substrate 6.

An undersurface 6b of the interposer substrate 6 is provided with a plurality of
electrodes Sa, 5b, 5c, 5d, Se, and 5f. Specifically, on the undersurface 6b of the in-
terposer substrate 6, the electrodes 5b and Se are respectively disposed at the outer side
of the electrodes 5c and 5d, and the electrodes 5a and 5f are respectively disposed at
the outer side of the electrodes 5b and 5e. The electrodes 5a to 5f are flat electrode
pads and are formed in, but not limited to, for example, a circular shape in plan view.

The semiconductor device 1 includes a solder resist 8 formed at the undersurface 6b
of the interposer substrate 6. The solder resist 8 has a plurality of openings 8a, 8b, 8c,
8d, 8e, and 8f that are located at positions corresponding to the electrodes 5a to 51, re-
spectively, so as to expose the electrodes 5a to 5f. Specifically, in the interposer
substrate 6, the openings 8b and 8e are respectively formed at the outer side of the
openings 8c and 8d, and the openings 8a and 8f are respectively formed at the outer
side of the openings 8b and 8e. The openings 8a to 8f are set to have the same
diameter. The openings 8a to 8f are formed in, but not limited to, for example, a
circular shape in plan view. The printed wiring board 11 is provided with the same
number of board electrodes 10a, 10b, 10c, 10d, 10e, and 10f as the electrodes 5a to 5f
at positions corresponding to the electrodes 5a to 5f, respectively. The board electrodes
10a to 10f are flat electrode pads and are formed in, but not limited to, a circular shape
in plan view.

The semiconductor device 1 includes a plurality of solder bumps 9a, 9b, 9c, 9d, 9e,
and 9f that are respectively provided on the electrodes 5a to 5f. The solder bumps 9a to
Of are set to contain the same amount of solder. This condition in which the solder
bumps 9a to 9f contain the same amount of solder includes a case where the amount of
solder is within a tolerance range. As shown in Fig. 1B, the solder bumps 9a to 9f each
have a columnar portion 9A retained by a sidewall of the corresponding opening 8a to
8f, and a solder ball portion 9B protruding from the corresponding opening 8a to 8f
and not retained by the solder resist 8. The columnar portions 9A are connected to the
corresponding electrodes Sa to 5f, and the solder ball portions 9B are connected to the
corresponding board electrodes 10a to 10f. The solder resist 8 is composed of a solder
material with low wettability so that the solder ball portions 9B of the solder bumps 9a
to 9f form a protruding spherical shape without spreading over the solder resist 8.

When performing a solder-bump joining process by heating (210 to 240 degrees
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[0019]

[0020]

[0021]

(Celsius)) in a reflow step, the interposer substrate 6 of the semiconductor device 1 can
sometimes warp downward into a convex shape, as shown in Fig. 1A. The warping
direction and the warping amount of the interposer substrate 6 are known from a pre-
liminary experiment. In the first embodiment, the interposer substrate 6 is warped such
that the gap distance between the electrodes 5a to 5f of the interposer substrate 6 and
the board electrodes 10a to 10f of the printed wiring board 11 gradually increases from
the center of the interposer substrate 6 toward the periphery thereof.

In light of this, in the first embodiment, the thickness of the solder resist 8 is set such
that the height of the openings 8a to 8f from the respective electrodes 5a to 5f increases
with increasing gap distance between the electrodes Sa to 5t of the interposer substrate
6 and the board electrodes 10a to 10f of the printed wiring board 11. In detail, since the
gap distance between the electrodes Sa to 5f and the board electrodes 10a to 10f
increases with increasing distance from the center of the interposer substrate 6 toward
the periphery thereof, the thickness of the solder resist 8 is set to increase with in-
creasing distance from the center of the interposer substrate 6 toward the periphery
thereof so as to increase the height of the openings 8a to 8f. Specifically, if the heights
of the openings 8a, 8b, 8c, 8d, 8e, and 8f are defined as ha, hb, hc, hd, he, and hf, re-
spectively, the thickness of the solder resist 8 is set so as satisfy the following
conditions: hc<hb<ha and hd<he<hf.

In contrast to the height of the openings 8a to 8f being set to increase with increasing
gap distance, the diameter of the solder ball portions 9B decreases with increasing
height of the openings 8a to 8f. Therefore, in the first embodiment, the height of the
openings 8a to 8f is adjusted, and the diameter of the solder ball portions 9B de-
termined by the height of the openings 8a to 8f is adjusted, whereby the ends of the
solder ball portions 9B of the solder bumps 9a to 9f are aligned on the same plane.

By gradually increasing the height of the openings 8a to 8f with increasing gap
distance so as to ensure sufficient height for the openings 8a to 8f, the solder of each of
the solder bumps 9a to 9f is retained by the sidewall of the corresponding opening 8a
to 8f and is guided toward the corresponding board electrode 10a to 10f, thereby
forming the columnar portion 9A. Consequently, the height of the solder bumps 9a to
Of can be sufficiently ensured. By adjusting the height of the columnar portions 9A, the
solder ball portions 9B protruding from the openings 8a to 8f are brought close to the
board electrodes 10a to 10f, and the ends of the solder ball portions 9B are aligned on
the same plane. Therefore, there is no need to increase the amount of solder for
ensuring sufficient height of the solder bumps 9a to 91. Specifically, in the first em-
bodiment, the solder bumps 9a to 9f are set to contain the same amount of solder.
Therefore, bridging between the solder bumps 9a to 9f (for example, between the

solder bump 9a and the solder bump 9b) can be avoided.
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[0022]

[0023]

[0024]

[0025]

[0026]

The solder ball portions 9B of the solder bumps 9a to 9f are brought close to the
board electrodes 10a to 10f of the printed wiring board 11 and are aligned on the same
plane so as to be connected to the board electrodes 10a to 10f. Therefore, a sufficient
solder joint area can be ensured between the solder bumps 9a to 9f and the board
electrodes 10a to 10f. In this case, since the openings 8a to 8f are set to have the same
diameter, a sufficient joint area can be ensured between the solder bumps 9a to 9f and
the electrodes 5a to 5f of the interposer substrate 6. Consequently, defective solder
joints in the solder bumps 9a to 91 can be avoided, thereby extending the lifespan of
solder joints.

Next, a process of forming the solder resist 8 will be described. Techniques for
forming the pattern of the solder resist 8 include a screen-printing technique using a
thermosetting or ultraviolet curable ink material and a photographic technique using a
photosensitive resin material. Because it is difficult to increase the positional accuracy
of the solder resist 8 using the screen-printing technique, it is preferable to use the pho-
tographic technique. When using the photographic technique, the pattern of the solder
resist 8 is formed by performing a series of steps including a solder-resist application
step, a pre-curing step, an exposure step, a developing step, and a main curing step.

Figs. 2A to 2G illustrate the steps for forming the solder resist 8 by the photographic
technique on the interposer substrate 6 provided with the electrodes 5a to 5f serving as
a conductor pattern. The solder resist 8 used in the photographic technique may be
formed by using either a photosensitive liquid solder resist or a dry-film solder resist. It
is easier to form the solder resist 8 to an accurate height by using a dry-film solder
resist having good flatness rather than using a photosensitive liquid solder resist.

As shown in Fig. 2A, the interposer substrate 6 provided with the electrodes 5a to 5f
serving as a conductor pattern is used. As shown in Fig. 2B, in an application step, the
solder resist 8 is applied onto the interposer substrate 6. Examples of methods for
applying a liquid solder resist onto the interposer substrate 6 include a one-face ap-
plication method and a double-face application method. The one-face application
method can be performed by, for example, spraying or curtain coating, and the double-
face application method can be performed by, for example, screening or roll coating.
However, the first solder-resist application step is preferably performed by using a
method by which the solder resist 8 can be simultaneously applied to both faces so as
to prevent the conductor pattern from being contaminated.

After the application step, the applied solder resist 8 is cured in a pre-curing step.
Then, an exposure step is performed by adhering a mask pattern film over the solder
resist 8 and projecting light thereon. Subsequently, a developing step is performed.
Consequently, as shown in Fig. 2C, openings are formed at positions corresponding to

the electrodes 5a to 5f, thereby exposing the electrodes 5a to 5f. Because the exposed
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[0027]

[0028]

[0029]

sections do not dissolve in a developing solution, these exposed sections remain after
the developing step. The photosensitive solder resist may either be of a negative type
in which the exposed sections do not dissolve in the developing solution, as described
above, or a positive type in which the exposed sections are removed as a result of
dissolving in the developing solution.

Next, as shown in Fig. 2D, an application step for applying the solder resist 8 to both
faces of the interposer substrate 6 is performed. For the second solder-resist application
step and onward, either the one-face application method or the double-face application
method may be used. Subsequently, an exposure step is performed only on the face to
be provided with different heights for the solder resist 8. Then, as shown in Fig. 2E, a
developing step is performed. Therefore, the face not to be provided with different
heights for the solder resist 8 has the same height as that in Fig. 2C.

Next, as shown in Fig. 2F, another application step for applying the solder resist 8 is
performed. Then, as shown in Fig. 2G, an exposure step is performed by adhering a
mask pattern film for only exposing sections of the solder resist 8 to be provided with
different heights. Subsequently, a developing step is performed. As a result of these
steps, the openings 8a to 8f having different heights ha to hf that gradually increase
from the inner periphery toward the outer periphery of the interposer substrate 6 are
formed in the solder resist 8. After these steps, the semiconductor element 2 is
mounted on the interposer substrate 6 and is sealed with resin, and the solder bumps 9a
to 9f with different heights are subsequently formed.

First Practical Example

Referring to Figs. 1A and 1B, the openings 8c and 8d of the solder resist 8 that re-
spectively correspond to the electrodes Sc and 5d are given a height of 20 micrometers
from the electrodes 5c¢ and 5d. The openings 8b and 8e of the solder resist 8 that re-
spectively correspond to the electrodes 5b and Se are given a height of 40 micrometers
from the electrodes 5b and Se. The openings 8a and 8f of the solder resist 8 that re-
spectively correspond to the electrodes 5a and 5f are given a height of 60 micrometers
from the electrodes 5a and 5f. The solder bumps 9a to 9f formed on the respective
electrodes Sa to 5f have a diameter of 300 micrometers. In this case, the height from
the surface of each electrode Sa to 5f to the end of the corresponding solder bump 9a to
Of is varied as follows. Specifically, the openings 8c and 8d have a height of 20 mi-
crometers and the solder bumps 9c¢ and 9d have a height of 235 micrometers, the
openings 8b and 8e have a height of 40 micrometers and the solder bumps 9b and 9e
have a height of 240 micrometers, and the openings 8a and 8f have a height of 60 mi-
crometers and the solder bumps 9a and 91 have a height of 245 micrometers. As a
result, the differences in the gap between the printed wiring board 11 and the in-

terposer substrate 6 are complemented, and the ends of the solder bumps 9a to 9f are
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[0030]

[0031]

[0032]

[0033]

[0034]

aligned on the same plane, thereby avoiding the occurrence of defective joints during
the solder joining process.

When the heights ha, hb, and hc (hf, he, and hd) of the solder resist 8 are varied in a
stepwise manner to 40 micrometers, 20 micrometers, and 20 micrometers, respectively,
the occurrence of defective joints during the solder joining process can be similarly
avoided.

Second Embodiment

Next, a semiconductor device according to a second embodiment of the present
invention will be described with reference to Fig. 3. In Fig. 3, components that are the
same as those in Figs. 1A and 1B are given the same reference numerals, and de-
scriptions thereof will be omitted. An interposer substrate 6 of a semiconductor device
1A according to the present invention shown in Fig. 3 differs from that in the first em-
bodiment in that the interposer substrate 6 warps upward into a convex shape during a
solder joining process (210 to 240 degrees (Celsius)) of the solder bumps 9a to 9f.

In the semiconductor device 1A, the height of the openings 8a to 8f of the solder
resist 8 that respectively correspond to the electrodes 5a to 5f increases with increasing
gap distance between the electrodes Sa to 5f and the board electrodes 10a to 10f. In
detail, the height of the solder resist 8 is set such that the height of the openings 8a to
8f increases from the periphery of the interposer substrate 6 toward the center thereof.
Specifically, if the heights of the openings 8a, 8b, 8c, 8d, 8e, and 8f are defined as ha,
hb, hc, hd, he, and hf, respectively, the thickness of the solder resist 8 is set so as
satisfy the following conditions: ha<hb<hc and hf<he<hd. Consequently, the height of
the openings 8a to 8f is adjusted, and the diameter of the solder ball portions 9B de-
termined by the height of the openings 8a to 8f is adjusted, whereby the ends of the
solder ball portions 9B of the solder bumps 9a to 9f are aligned on the same plane.

Even with the interposer substrate 6 that warps upward into a convex shape in this
manner, the advantages similar to those in the first embodiment can be achieved.
Specifically, by varying the height of the solder resist 8 from the electrodes 5a to 5f in
accordance with the warping amount of the semiconductor device 1A, the differences
in the gap between the printed wiring board 11 and the interposer substrate 6 are com-
plemented, thereby avoiding the occurrence of defective joints during the solder
joining process.

Although the embodiments of the semiconductor device according to the present
invention have been described above, the semiconductor device according to the
present invention is not limited to the above-described embodiments, and design modi-
fications are permissible so long as they are within the scope that satisfies the con-
figuration of the invention. Although the height of the openings 8a to 8f in the solder

resist 8 is gradually varied in the above-described embodiments, the height thereof
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may alternatively be varied in a stepwise manner.

Although the printed wiring board is described as being a motherboard served by a
printed wiring board in the above-described embodiments, the invention is not limited
to this example. The invention is applicable to a case where the printed wiring board is
served by another interposer substrate, as shown in Fig. 4.

Fig. 4 illustrates a stacked-type semiconductor device 100 in which a first semi-
conductor device with a first semiconductor element mounted thereon is stacked on a
second semiconductor device with a second semiconductor element mounted thereon.
In Fig. 4, components that are the same as those in Figs. 1A and 1B are given the same
reference numerals, and descriptions thereof will be omitted. The stacked-type semi-
conductor device 100 has a configuration in which the semiconductor device 1
according to the first embodiment is electrically connected to an interposer substrate 26
via the solder bumps 9a to 91f. The interposer substrate 26 has a semiconductor element
22 mounted thereon and sends and receives a signal via at least one of the solder
bumps 9a to 9f. A surface of the interposer substrate 26 opposite the semiconductor
device 1 is provided with a plurality of solder bumps 19a to 19k that are to serve as
external electrodes and to be mounted on a motherboard (not shown).

The stacked-type semiconductor device 100 in Fig. 4 is equivalent to a configuration
formed by mounting the semiconductor device 1 according to the first embodiment on
the interposer substrate 26. However, this embodiment is not limited to such a con-
figuration. For example, the stacked-type semiconductor device 100 may alternatively
be equivalent to a configuration formed by mounting the semiconductor device 1A
according to the second embodiment on the interposer substrate 26.

Although the above description is directed to a case where the interposer substrate
warps upward or downward into a convex shape, the warping shape is not limited
thereto. The present invention is applicable to a case where the interposer substrate
warps into various complex shapes. For example, with regard to an interposer substrate
that warps into the shape of the character W or M, the occurrence of defective joints
can be avoided by forming the solder resist with appropriate heights in accordance the
aforementioned shape. Regarding such an interposer substrate that bends into the
complex shape of the character W or M, the height of solder bumps that are separated
from the printed wiring board by a large distance can be increased by adjusting the
exposed sections of the interposer substrate in accordance with the bent shape.

According to the present invention, the height of the openings of the solder resist is
set to increase with increasing gap distance between the electrodes of the interposer
substrate and the board electrodes of the printed wiring board. Therefore, sufficient
height is ensured for the openings so that the solder of each of the solder bumps is

retained by the corresponding opening and is guided toward the corresponding board



10

WO 2011/102100 PCT/JP2011/000742

[0040]

[0041]

electrode, thereby ensuring sufficient height for the solder bump. Since the solder ball
portions protruding from the openings can be brought close to the board electrodes of
the printed wiring board, there is no need to increase the size of the solder ball portions
more than necessary by increasing the amount of solder to ensure sufficient height for
the solder bumps. Therefore, bridging between the solder bumps can be avoided. Fur-
thermore, since the solder ball portions are brought close to the board electrodes of the
printed wiring board so as to be connected to the board electrodes of the printed wiring
board, the solder joint area is increased. Consequently, defective solder joints in the
solder bumps can be avoided, thereby extending the lifespan of solder joints.

While the present invention has been described with reference to exemplary em-
bodiments, it is to be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims is to be accorded the
broadest interpretation so as to encompass all such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2010-032321,
filed February 17, 2010, which is hereby incorporated by reference herein in its

entirety.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]
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Claims

A semiconductor device mounted on a printed wiring board,
comprising:

an interposer substrate having a plurality of electrodes;

a semiconductor element mounted on the interposer substrate;

a solder resist provided on the interposer substrate and having a
plurality of openings that expose the electrodes; and

a plurality of solder bumps that protrude from the openings and connect
the electrodes with board electrodes of the printed wiring board,
wherein the solder resist that forms the openings has a height that is set
to increase with increasing gap distance between the electrodes of the
interposer substrate and the board electrodes of the printed wiring
board.

The semiconductor device according to Claim 1, wherein the height of
the solder resist that forms the openings gradually increases or
decreases from a center of the interposer substrate toward a periphery
thereof.

The semiconductor device according to Claim 1, wherein the solder
bumps each include a columnar portion that corresponds to the height
of the solder resist and a solder ball portion that is not retained by the
solder resist.

The semiconductor device according to Claim 1, wherein the openings
have the same diameter, and the solder bumps have the same amount of
solder.

A stacked-type semiconductor device comprising:

a first interposer substrate having a plurality of electrodes;

a first semiconductor element mounted on the first interposer substrate;
a solder resist provided on the first interposer substrate and having a
plurality of openings that expose the electrodes;

a plurality of solder bumps each having a solder ball portion protruding
from the corresponding opening;

a second interposer substrate connected to the solder bumps and having
a plurality of electrodes;

a second semiconductor element mounted on the second interposer
substrate; and

a plurality of external electrodes provided at a surface of the second in-

terposer substrate different from a surface thereof provided with the
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plurality of electrodes,

wherein the solder resist that forms the openings has a height that is set
to increase with increasing gap distance between the electrodes of the
first interposer substrate and the electrodes of the second interposer

substrate.
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