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(57) ABSTRACT

In a stacking semiconductor device in which a first-layer and
a second-layer semiconductor devices are stacked and
bonded with a solder, warpage occurs due to a difference in
thermal expansion coeflicient of constituent members or a
difference in elastic modulus of individual members. There-
fore, between the first-layer and the second-layer semicon-
ductor devices are provided an external connection terminal
of solder and a thermosetting resin, and the stacking semi-
conductor device is heated at 150 to 180° C., which are the
temperatures of preheating for reflow of the solder, for 30 to
90 seconds. Thereby the warpage of the first-layer semicon-
ductor device is reduced and the thermosetting resin is cured
completely in this state. Then, the temperature is raised to a
reflow temperature of the solder and solder bonding using
the external connection terminal is performed. Thereby, the
bonding reliability of a solder-bonded portion of the stack-
ing semiconductor device is considerably improved.
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STACKING SEMICONDUCTOR DEVICE AND
PRODUCTION METHOD THEREOF

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a stacking semi-
conductor device, in which semiconductor devices each
having a semiconductor element provided thereon are
stacked in at least two or more layers and three-dimension-
ally mounted, and a production method of the stacking
semiconductor device.

[0003] 2. Description of the Related Art

[0004] Inrecent years, the miniaturization of digital equip-
ments, such as a digital still camera and a digital camcorder,
has advanced and three-dimensional mounting which
enables respective components to be mounted in a more
space-saving manner is drawing attention. As the three-
dimensional mounting, there have been known a stacked
chip type in which semiconductor elements are stacked in
two or more layers as a chip size package (CSP) and a ball
grid array (BGA) and a stacking semiconductor device in
which semiconductors are stacked in two or more layers.

1. Field of the Invention

[0005] FIG. 7 shows a stacked chip type semiconductor
package, and a large semiconductor element 52 and a small
semiconductor element 53 are provided on a wiring board 51
by sequential stacking. The wiring board 51 and the semi-
conductor elements 52, 53 are electrically connected to each
other by wire bonds 54. The semiconductor elements 52, 53
and the wire bonds 54 are encapsulated with an encapsulant
resin 55.

[0006] In recent years, stacking semiconductor devices
disclosed in Japanese Patent Application Laid-Open Nos.
2004-281919 and 2004-335603, and the like are attracting
lots of attention. A general stacking semiconductor device is
shown in FIG. 8. On a wiring board 121 is mounted a
semiconductor element 122 via an ACF resin 124. On a
semiconductor device 102 constituted by the wiring board
121 and the semiconductor element 122, there is stacked a
semiconductor device 103, in which a wiring board 131
having a semiconductor element 132 mounted thereon is
encapsulated with an encapsulant resin 133. A land 123 on
a front surface of the semiconductor device 102 and a land
133 on a rear surface of the semiconductor device 103 are
bonded to each other by an external connection terminal
(solder ball) 111. That is, the semiconductor device 102 and
the semiconductor device 103 are electrically connected to
each other by the solder ball 111. Further, on a rear surface
of'the wiring board 121 are provided a plurality of lands 125,
and an external connection terminal (solder ball) 112 is
attached to each of the lands 125.

[0007] FIGS. 9A, 9B and 9C are cross-sectional views
which show the bonding steps of the semiconductor device
102 and semiconductor device 103 which constitute the
stacking semiconductor device shown in FIG. 8. First, as
shown in FIG. 9A, a flux 123a is supplied onto the land 123
on the front surface of the semiconductor device 102. Next,
the semiconductor device 103 is mounted on the semicon-
ductor device 102 via the solder balls 111. Incidentally, the
solder balls 111 are bonded beforehand to the rear surface of
the semiconductor device 103. With the semiconductor
device 103 being mounted on the semiconductor device 102,

Mar. 1, 2007

the semiconductor device 102 and the semiconductor device
103 are subjected to a reflow process, whereby the solder
ball 111 and the land 123 are bonded to each other. Next, as
shown in FIG. 9B, solder balls 112 are bonded to the rear
surface of the semiconductor device 102. The stacking
semiconductor device thus completed is mounted on a
mother board 104 as shown in FIG. 9C.

[0008] However, in a semiconductor device, warpage will
occur readily due to a difference in coeflicient of thermal
expansion between a wiring board and a semiconductor
element, which are constituent members of the semiconduc-
tor device, or a difference in modulus of elasticity between
the respective constituent members. The mechanism of
occurrence of warpage is described below by taking a
general semiconductor device as an example. FIGS. 10A,
10B and 10C show a general semiconductor device in which
a semiconductor element 122 is mounted on a wiring board
121 via an AFC resin 124. Usually, a semiconductor device
warps in a convex manner with the semiconductor element
122 facing upward, as shown in FIG. 10A, due to differences
in coefficient of linear expansion of the wiring board 121, the
ACF resin 124 and the semiconductor element 122. The
warpage occurs due to differences in coefficient of thermal
expansion generated when the semiconductor device 102
goes through a heating step during the production process
thereof. The amount of the warpage depends on the speci-
fications of the respective constituent members. However,
for example in a case where the thickness of the wiring
board 121 is 0.4 to 0.5 mm, the thickness of the semicon-
ductor element 122 is 0.1 to 0.2 mm and the size of the
semiconductor device 102 is 10 to 15 mm, it has been
confirmed that the wiring board 121 warps by about 40 to 50
pm.

[0009] The amount and direction of warpage of the wiring
board 121 will vary depending on the heating temperature.
That is, in a case where the wiring board 121 warps by 40
to 50 um in the convex manner, as shown in FIG. 10A, at
room temperature (23° C.), the wiring board 121 will warp
by 20 to 30 um in the reverse direction, i.e., in a concave
manner as shown in FIG. 10C, at 220° C. which is a solder
melting temperature.

[0010] FIGS. 11A, 11B and 11C show the state of forma-
tion of a stacking semiconductor device 1 by bonding a

semiconductor device 103 onto such a semiconductor device
102.

[0011] First, as shown in FIG. 11A, the semiconductor
device 103 is mounted on the semiconductor device 102
which warps by 40 to 50 um in such a convex manner as to
protrude toward the semiconductor element 122 side. Next,
when heated up to 220° C. by a reflow process for melting
solder balls 111, the wiring board 121 warps by 20 to 30 um
in a concave manner as shown in FIG. 11B. Furthermore,
when the stacking semiconductor device 1 is cooled, the
wiring board 121 will return to the convex shape shown in
FIG. 11A. However, because the end portions restrained by
the solder balls 111 are not deformed, the wiring board 121
will come to have a shape of letter W as shown in FIG. 11C.
The stacking semiconductor device 1 having such a shape
will pose the problem of co-planarity in the step of mounting
on a mother board to generate bonding failures.

[0012] That is, as shown in FIG. 12, when the stacking
semiconductor device 1 is mounted on the mother board
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104, the solder balls 112 on the inner side of the wiring board
121 do not come into contact with the lands 141 of the
mother board 104. For this reason, even when the solder
melts, the balls 112 are not bonded to the mother board 104,
thereby generating a connection failure.

[0013] Further, when heat is applied to the wiring board
121 of the stacking semiconductor device 1 by a reflow
process or the like, the semiconductor device 102 is
deformed from the letter W shape to a concave shape. At this
time, if the amount of deformation of the wiring board 121
is large, the solder balls 112 just under the semiconductor
element 122 are crushed and adjacent solders may come into
contact with each other to cause short circuiting. Moreover,
in the peripheral portions, the distance between the wiring
board 121 and the mother board 104 increases and the solder
is stretched, with the result that a connection failure may
sometimes occur.

[0014] 1t has been ascertained that the amount of the
warpage of the wiring board 121 becomes approximately
double when the thickness of the wiring board becomes half.
Therefore, with the size of a semiconductor device becom-
ing smaller, the influence of the warpage of a wiring board
increases. Particularly, in a stacking semiconductor device,
miniaturization has advanced and the problem of warpage
has become prominent.

[0015] Japanese Patent Application Laid-Open No. 2004-
335603 discloses a stacking semiconductor device in which
an adhesive 125 is interposed between a semiconductor
device 102 and a semiconductor device 103, as shown in
FIGS. 14A to 14C. The purpose of the interposition of the
adhesive 125 is to accurately align the semiconductor device
102 and the semiconductor device 103 and to suppress
peeling between the semiconductor devices. For this reason,
the adhesive 125 needs to be cured after the solidification of
the solder balls 111. Therefore, as the adhesive 125, a
thermoplastic adhesive which does not cure during the
reflow process of the solder and cures after the reflow is
used.

[0016] However, in the stacking semiconductor device
disclosed in Japanese Patent Application Laid-Open No.
2004-335603, it is not possible to suppress the warpage of
a wiring board 121 which occurs during the reflow process
for melting the solder. That is, when the semiconductor
device 103 is mounted on the semiconductor device 102, the
semiconductor device 102 warps in a convex manner, with
the semiconductor element 122 facing upward. Further,
when heated and subjected to the reflow process, the wiring
board 121 warps in a concave manner as shown in FIG. 14A,
because the adhesive 125 is not yet cured at this time. Next,
the semiconductor device 102 is cooled and the adhesive
125 cures at a prescribed temperature. However, at this time,
the wiring board 121 has already been deformed to have a
shape of letter W as shown in FIG. 14B. Therefore, the
problems of connection failure and short circuiting
described above with reference to FIGS. 12 and 13 arise.

SUMMARY OF THE INVENTION

[0017] The present invention has been accomplished in
view of the unresolved problems with the above-described
prior art and provides a stacking semiconductor device
which can suppress the amount of warpage of semiconduc-
tor devices to be stacked and avoid connection failure of an
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external connection terminal such as a solder ball, and a
production method of the stacking semiconductor device.

[0018] To achieve the above object, the present invention
provides a stacking semiconductor device which comprises
a first-layer semiconductor device having a first semicon-
ductor element mounted on a surface thereof; and a second-
layer semiconductor device having a second semiconductor
element mounted on a surface thereof, the second-layer
semiconductor device being stacked via bonding means on
the surface of the first-layer semiconductor device, wherein
the bonding means comprises a solder joint in which the
first-layer semiconductor device and the second-layer semi-
conductor device are bonded to each other with a solder, and
an adhesion fixing portion in which the first-layer semicon-
ductor device and the second-layer semiconductor device
are adhered and fixed to each other with a thermosetting
resin having a curing temperature less than a melting tem-
perature of the solder.

[0019] Also, the present invention provides a method of
producing a stacking semiconductor device having a first-
layer semiconductor device and a second-layer semiconduc-
tor device disposed by stacking on each other, which com-
prises the steps of: providing, between a first-layer
semiconductor device and a second-layer semiconductor
device, a solder and a thermosetting resin for bonding the
two semiconductor devices; heating the first-layer semicon-
ductor device and the second-layer semiconductor device to
a first temperature to cure the thermosetting resin; heating
the first-layer semiconductor device and the second-layer
semiconductor device to a second temperature which is
more than the first temperature to melt the solder; and
cooling the first-layer semiconductor device and the second-
layer semiconductor device to solidify the solder.

[0020] The above and other objects of the invention will
become more apparent from the following description taken
in conjunction with the accompanying drawings.

[0021] Further features of the present invention will
become apparent from the following description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 is a cross-sectional view which shows a
stacking semiconductor device in accordance with an
example of the present invention.

[0023] FIG. 2 is a plan view which shows an applied shape
of a thermosetting resin in accordance with an example of
the present invention.

[0024] FIG. 3 is a plan view which shows an applied shape
of a thermosetting resin in accordance with an example of
the present invention.

[0025] FIGS. 4A and 4B are cross-sectional views which
show the production steps of a stacking semiconductor
device in accordance with an example of the present inven-
tion.

[0026] FIGS. 5A and 5B are cross-sectional views which
show the production steps of a stacking semiconductor
device in accordance with an example of the present inven-
tion.

[0027] FIG. 6 is a graphical representation which shows
the results of a simulation in accordance with an example of
the present invention.
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[0028] FIG. 7 is a cross-sectional view which shows a
semiconductor device of a prior art example.

[0029] FIG. 8 is a cross-sectional view which shows a
stacking semiconductor device of a prior art example.

[0030] FIGS. 9A, 9B and 9C are cross-sectional views
which show the production steps of a stacking semiconduc-
tor device of a prior art example.

[0031] FIGS. 10A, 10B and 10C are cross-sectional views
which explain the warpage of a semiconductor device.

[0032] FIGS. 11A, 11B and 11C are cross-sectional views
which explain the warpage of a stacking semiconductor
device of a prior art example.

[0033] FIG. 12 is a cross-sectional view which explains a
problem with a stacking semiconductor device of a prior art
example.

[0034] FIG. 13 is a cross-sectional view which explains a
problem with a stacking semiconductor device of a prior art
example.

[0035] FIGS. 14A, 14B and 14C are cross-sectional views
which explain the warpage of a stacking semiconductor
device of a prior art example.

DESCRIPTION OF THE EMBODIMENTS

[0036] First, a basic concept of the present invention is
described. As described above with reference to FIGS. 10A,
10B and 10C, a general semiconductor device warps in a
upwardly convex manner at room temperature (23°C ) as
shown in FIG. 10A. When the semiconductor device is
heated to 220° C. at which the solder melts, the semicon-
ductor device warps in a concave manner (i.e., in a down-
wardly convex manner) as shown in FIG. 10C. Therefore, in
the course of the heating from room temperature to 220° C.,
the semiconductor device inevitably goes through a non-
warped state as shown in FIG. 10B. Usually, within the
temperature range of 150° C. to 180° C., almost all semi-
conductor devices come into the non-warped state. In the
present invention, attention is paid to this non-warped state,
and at such temperatures the semiconductor device 103 is
fixed and mounted to the semiconductor device 102.

[0037] Next, the best mode for carrying out the present
invention will be described with reference to the attached
drawings.

EXAMPLES

[0038] As shown in FIG. 1, a stacking semiconductor
device 1 of the present example is constituted by stacking a
semiconductor device as a first layer (hereinafter, simply
referred to as “first-layer semiconductor device™) 2 and a
semiconductor device as a second layer (hereinafter, simply
referred to as “second-layer semiconductor device™) 3. In the
first-layer semiconductor device 2, lands 20a formed on a
wiring board 20 and bumps 22a of a semiconductor element
22 are bonded to each other by means of an ACF (aniso-
tropic conductive adhesive film) resin 23.

[0039] In the second-layer semiconductor device 3, a
semiconductor package 3a and a semiconductor package 35
are mounted on a wiring board 10. On a rear surface of a
semiconductor element 32q is formed a wiring layer 31a,
and lands 34a provided on the wiring layer 31a are bonded
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to lands 105 provided on a front surface of the wiring board
10 via solder balls 12a. On a rear surface of a semiconductor
element 325 are formed a buffer material 335 and a wiring
layer 314, and lands 345 provided on the wiring layer 315
are bonded to the lands 105 provided on the front surface of
the wiring board 10 via solder balls 125. On a rear surface
of the wiring board 10 are formed lands 10a, and the lands
10a are bonded to lands 2056 on the front surface of the
wiring board 20 by solder balls 11.

[0040] The wiring board 10 and the wiring board 20 may
be bonded to each other by pouring an encapsulant resin
after thermocompression bonding and then curing the resin,
or by applying ultrasonic waves or the like thereto. The
solder balls 11, 12a, 125, which function as external con-
nection terminals, may be made of a metal as with PGA and
LGA.

[0041] Between the semiconductor element 22 and the
wiring board 10 is disposed a thermosetting resin 25 which
cures completely at curing temperatures of 150° C. to 180°
C. for 30 seconds to 90 seconds. That is, it follows that the
first-layer semiconductor device 2 and the second-layer
semiconductor device 3 are bonded to each other by the
thermosetting resin 25 and the balls 11. As the thermosetting
resin 25, there is used a thermosetting resin which has a
curing temperature less than the reflow process temperature
01'220° C. at which the solder melts. As a result, it is possible
to perform the curing of the thermosetting resin 25 in a
preheating step for the reflow process.

[0042] Ttis preferred that the thermosetting resin 25 firmly
fix only the wiring board 10 and the semiconductor element
22 mounted on the first-layer semiconductor device 2 to
each other. That is, if the thermosetting resin 25 is disposed
on the whole area of the first-layer semiconductor device 2
and the second-layer semiconductor device 3 is adhered
thereto, there is a possibility that the stresses of the wiring
boards 10, 20 cannot be relieved because the thermosetting
resin 25 is highly resistant to thermal stresses. Moreover,
there is also a possibility that the thermosetting resin 25 may
intrude between the solder ball 11 and the lands 10a, 205 to
cause a bonding failure.

[0043] As will be described later, the thermosetting resin
25 is used to fix the wiring board 10 and the semiconductor
element 22, with the amount of warpage of the first-layer
semiconductor device 2 being reduced. Therefore, it is
necessary to use a thermosetting resin having a relatively
high rigidity. If a low-rigidity thermosetting resin is used, the
thermosetting resin will follow the warpage of the first-layer
semiconductor device 2, so that it becomes difficult to
suppress the warpage.

[0044] Because, in general, stresses generated by warpage
are large in the end portions or the center part of the
semiconductor element 22, it is preferred that the thermo-
setting resin 25 is not applied to the whole area of the surface
of the semiconductor element 22 but is rather disposed in a
dispersed manner on the surface of the semiconductor
element 22. FIG. 2 is a schematic view when the first-layer
semiconductor device 2 is viewed from above in FIG. 1. In
FIG. 2, the thermosetting resin 25 is disposed at the four end
portions and the central part on the upper surface of the
semiconductor element 22, i.e., at the five positions in total.
Alternatively, as shown in FIG. 3, the thermosetting resin 25
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may be disposed in the shape of a cross ranging from the
central part to the end portions on the upper surface of the
semiconductor element 22.

[0045] That is, when the thermosetting resin is disposed in
a dispersed manner such as shown in FIGS. 2 and 3,
expansion and contraction is less suppressed than in the case
where the thermosetting resin is applied to the whole area.
Therefore, stress concentration become less likely to occur,
and defects such as connection failure become likely to be
caused. By adopting such shapes it becomes possible to
control stresses in the wiring boards 10, 20 which are
generated by the thermosetting resin 25. Particularly, when
a high-rigidity thermosetting resin is used as described
above, the effect of stresses is remarkable. Therefore, it is
preferred that the shapes such as shown in FIGS. 2 and 3 be
adopted.

[0046] Next, a production method of the stacking semi-
conductor device 1 will be described with reference to FIGS.
4A and 4B and FIGS. 5A and 5B.

[0047] First, as shown in FIG. 4A, a solder paste 10c is
printed on the lands 105 of the wiring board 10, and the
solder balls 12a, 126 of the second-layer semiconductor
devices 3a, 3b are bonded thereto by a reflow process or the
like. After that, the solder balls 11 on the front surface of the
first-layer semiconductor device 2 and the lands 10a of the
wiring board 10 are aligned to each other, followed by
mounting. Then, heat is applied on the basis of a profile
which requires preheating and main heating as a conven-
tional reflow process for a solder, so that the solder balls 11
and the lands 10qa are bonded to each other. The thermoset-
ting resin 25 cures completely during the preheating, which
is a thermal profile of the reflow process, whereby the
first-layer semiconductor device 2 is bonded to the wiring
board 10.

[0048] Specifically, the thermosetting resin 25 cures at
150° C. to 180° C., which are the preheating temperatures
for a conventional reflow process, for 30 seconds to 90
seconds, thereby adhering the first-layer semiconductor
device 2 to the wiring board 10. Here, the warpage behavior
of the first-layer semiconductor device 2 during the reflow
process and the role of the thermosetting resin 25 will be
described.

[0049] At the time of mounting, as shown in FIG. 4B, the
wiring board 20 of the first-layer semiconductor device 2
warps in an upward convex manner as is the case with FIG.
10A. However, when heat is applied by the reflow process
to raise the temperature up to 150-180° C., the wiring board
20 becomes almost flat as shown in FIG. 5A as is the case
with FIG. 10B. In the present invention, attention is paid to
the fact that the wiring board 20 once becomes flat at
temperatures of from 150° C. to 180° C., and the wiring
board 20 in the flat state is fixed to the wiring board 10,
whereby the warpage of the wiring board 20 into a concave
manner is suppressed.

[0050] After that, the external connection terminals 11
melt at 220° C. which is the solder melting temperature, and
are bonded to the lands 10qa of the wiring board 10 by means
of the solder. Because the thermosetting resin 25 cures
thermally, it does not soften even when the temperature rises
up to 240° C., which is a peak temperature of a conventional
lead-free reflow process. Therefore, the first-layer semicon-
ductor 2 and the wiring board 10 are fixed to each other with
their flat shapes being maintained.

[0051] Furthermore, as shown in FIG. 5B, the stacking
semiconductor device 1 is mounted on the mother board 4.
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Also in this step, the first-layer semiconductor device 2 fixed
and adhered to the wiring board 10 by the thermosetting
resin 25 is in a flat state and does not warp in a concave
manner. Therefore, it is possible to prevent defects such as
short circuiting between adjacent terminals, lowering of the
bonding strength and lowering of the reliability resulting
from an unusual solder shape, and the like.

[0052] (Simulation)

[0053] Next, a simulation was carried out in order to
confirm the effects of the present invention. An analytical
model for the simulation and the results of the analysis will
be described below.

[0054] A modeling of the stacking semiconductor device 1
shown in FIG. 1 was performed. The physical property
values of the materials of the analytical model are shown in
Tables 1 to 6 below. Table 1 shows the physical property
values of the thermosetting resin 25. Table 2 shows the
physical property values of the solder balls 11, 12a, 125, 13
and the wiring board 10. Table 3 shows the physical property
values of the wiring board 20, the AFC resin 23 and the
semiconductor element 22 which form the first-layer semi-
conductor device 2. Table 4 shows the physical property
values of the wiring layer 31a and the semiconductor
element 32a which form the semiconductor package 3a.
Table 5 shows the physical property values of the wiring
layer 314, the semiconductor element 325 and the buffer
material 336 which form the semiconductor package 3b.
Table 6 shows the values which indicate the shapes of the
solder balls 11, 12a, 1254, 13. Incidentally, the analytical
model was carried out as a Full model. The solder was cubes
in all of the semiconductor devices and carried out by a
simple modeling.

[0055] The meshing of the wiring board 10, the mother
board 4, the first-layer semiconductor device 2, and the
second-layer semiconductor devices 3a, 3b was performed
in their individual mesh sizes.

[0056] The physical property values of the wiring board
20, the mother board 4 and the wiring board 10 were
obtained by averaging the physical property values of a core
material, a built-up material and a solder resist and the
physical property values shown in the tables were used. The
physical property values at 23° C. were used because a linear
analysis was performed.

[0057] The thermosetting resin 25 was provided on the
semiconductor element 22 of the first-layer semiconductor
device 2 as shown in FIG. 2. The thermosetting resin 25 was
adhered to the semiconductor device 22 at the four corners
and the center thereof with the size of each thermosetting
resin 25 being 2.16x2.16x0.12 mm.

TABLE 1
Material Thermosetting resin
Shape mm 2.16 x 2.16 x 0.12
Young’s modulus MPa 1.5 x 10*
Poisson’s ratio 0.3
Coeflicient of linear 1/° C. 5.5 x 107
expansion
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[0058] stacking semiconductor device having no thermosetting

resin 25 provided therein were analyzed. In the both stacking
TABLE 2 semiconductor devices, the amounts of warpage of the

Material Solder Witing board wiring board 20 at room temperature (23° C.) and at 220° C.

o ST — at which the solder solidified were calculated. The results of

Yoiﬁ’;,s modulus ;}ga 4368 f 184 35 xx104' T the calculation are shown in FIG. 6. The term “stacking

Poisson’s ratio 033 014 semiconductor device at room temperature” herein

ﬁs;ffcelzg;;sﬁon Ve 213 %10 15 %10 employed refers to the stacking semiconductor device
shown in FIG. 5A which is not yet mounted on the mother
board 4. The term “stacking semiconductor device at 220°

[0059] C.” herein employed refers to the stacking semiconductor

TABLE 3
ACF Semiconductor

Material Wiring board resin element

Shape mm 125 x 12.5 x 0.45 Tx7x%x003 7x7x0.15

Young’s modulus ~ MPa 2.5 x 10% 9 x 10° 1.7 x 10°

Poisson’s ratio 0.27 0.4 0.28

Coefficient of °C. 15x107 3.2x 107 35x 1076

linear expansion

[0060] device which is mounted on the mother board 4 as shown in
FIG. 5B and in which the solder balls 13 are melted during

TABLE 4 the reflow process.

. N Semiconductor [0064] For the amount of warpage, the relative values of
Material Wiring layer clement amounts of warpage at positions in the diagonal direction of
Shape mm 451 % 57x 007 451 x57x%x0.5 the wiring board 20 are plotted with the value of amount of
Young’s modulus  MPa 12 x 10* 17 x 10° warpage at the center of the wiring board 20 being defined
Poisson’s ratio 0.33 0.28 . T .

Coefficient of 1 C 12 % 10-5 35 % 106 as zero. In FIG. 6 the abscissa indicates the distance from the

linear expansion center of the wiring board 20. For the wiring board 20
having the thermosetting resin 25, the values of amounts of
warpage at 23° C., which is the temperature before the

[0061] reflow process, are indicated by o and those at 220° C.,

TABLE 5
Buffer Semiconductor

Material material Wiring layer element

Shape mm 6.74 x 11 x 0.17  7.24 x 11.6 x 0.062 6.7 x 10.7 x 0.19

Young’s modulus MPa 7.5 x 102 9.0 x 103 1.7 x 10°

Poisson’s ratio 0.35 0.2 0.28

Coefficient of v°Cc. 60x107° 1.6 x 107 3.5%x 107

linear expansion

[0062] which is the temperature during the reflow process, are
indicated by . Similarly, in the case of the wiring board 20

TABLE 6 having no thermosetting resin, the values of amounts of
warpage at 23° C. are indicated by ¢, and those at 220° C. are
Pitch Shape (mm)

First-layer 0.65 Wiring board side 0.325 x 0.325 x 0.3

semiconductor device 0.5 Mother board side 0.25 x 0.25 x 0.2
Semiconductor device 0.5 — 0.25x 0.25 x 0.1
package (3a)

Semiconductor device 0.65 — 0.325 x 0325 x 0.3

package (3b)

[0063] With the above-described analytical model, both
the stacking semiconductor device 1 having the thermoset-
ting resin 25 provided therein and a conventional-type

indicated by H.

[0065] As shown in FIG. 6, for the wiring board 20 having
no thermosetting resin, the warpage at 23° C. is 42 um in a
convex manner and the warpage at 220° C. is 23 um in a
concave manner. In contrast, in the case of the wiring board
20 having the thermosetting resin 25 adhered thereto, the
warpage at 23° C. is 21 um in a convex manner and the
warpage at 220° C. is 11 um in a concave manner. That is,
it can be seen that the amount of warpage of the wiring board
is reduced by half by the provision of the thermosetting
resin.
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TABLE 7

Amount of Warpage

23° C. 220° C.
No resin 42 pm 23 um
Resin provided 21 um 11 pm

50% decrease 52% decrease

[0066] Here, a description will be made of the effect of
warpage when the stacking semiconductor device 1 shown
in FIG. 5A is mounted on the mother board 4 by use of the
solder balls 13. As shown in FIG. 5B, on the lands formed
on the surface of the mother board 4, there is applied a solder
paste 26 beforehand in order to facilitate the bonding to the
solder balls. The application of the solder paste 26 enables
a variation in spacing between the stacking semiconductor
device 1 and the mother board 4 to be absorbed. The height
of'the solder paste 26 transferred onto the mother board 4 by
printing is about 90 pum on the average. However, the
variation is large and there may be a case where the height
is 50 um or so. Therefore, when the amount of warpage of
the wiring board 121 becomes 40 pm or more, at the time of
mounting shown in FIG. 12, there is a possibility that the
solder balls 112 formed around the center of the wiring
board do not come into contact with the solder paste 126
provided on the lands 141 of the mother board 104, thereby
causing a bonding failure.

[0067] Therefore, as is seen from Table 7, the use of the
thermosetting resin 122 enables the amount of warpage of
the wiring board 121 to be reduced to 40 um or less, so that
it is possible to improve the reliability of solder bonding.

[0068] Incidentally, in the present invention, the number
of semiconductor elements mounted on a single wiring
board and the number of layers of semiconductor devices
stacked are not limited to those of the above described
examples. Further, the type of mounting of semiconductor
elements may be the flip chip mounting, the stacked package
or the single package.

[0069] As described above, in the present invention, in
order to reduce the warpage of at least two stacking semi-
conductor devices due to thermal stress, an adhesion fixing
portion is provided which uses a thermosetting resin having
a curing temperature less than a solder melting temperature.
This enables the amount of warpage of the stacking semi-
conductor devices to be suppressed and connection failure or
short circuiting of external connection terminals such as
solder balls to be avoided, thereby remarkably improving
the connection reliability.

[0070] While the present invention has been described
with reference to exemplary embodiments, it is to be under-
stood 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 encom-
pass all such modifications and equivalent structures and
functions.

[0071] This application claims the benefit of Japanese
Patent Laid-Open No. 2005-250511, filed Aug. 31, 2005,
and No. 2006-224310, filed Aug. 21, 2006, which are hereby
incorporated by reference herein in their entirety.
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What is claimed is:

1. A stacking semiconductor device, comprising:

a first-layer semiconductor device having a first semicon-
ductor element mounted on a surface thereof; and

a second-layer semiconductor device having a second
semiconductor element mounted on a surface thereof,
the second-layer semiconductor device being stacked
via bonding means on the surface of the first-layer
semiconductor device,

wherein the bonding means comprises a solder joint in
which the first-layer semiconductor device and the
second-layer semiconductor device are bonded to each
other with a solder, and an adhesion fixing portion in
which the first-layer semiconductor device and the
second-layer semiconductor device are adhered and
fixed to each other with a thermosetting resin having a
curing temperature less than a melting temperature of
the solder.

2. The stacking semiconductor device according to claim
1, wherein the thermosetting resin cures completely by
heating at a temperature of not less than 150° C. but no more
than 180° C. for not less than 30 seconds but no more than
90 seconds.

3. The stacking semiconductor device according to claim
1, wherein the thermosetting resin is disposed only on a
surface of the first semiconductor element.

4. The stacking semiconductor device according to claim
1, wherein the thermosetting resin is disposed at a plurality
of positions on a surface of the first semiconductor element.

5. The stacking semiconductor device according to claim
1, wherein the thermosetting resin is disposed at a central
part on a surface of the first semiconductor element.

6. A method of producing a stacking semiconductor
device having a first-layer semiconductor device and a
second-layer semiconductor device disposed by stacking on
each other, comprising the steps of:

providing, between a first-layer semiconductor device and
a second-layer semiconductor device, a solder and a
thermosetting resin for bonding the two semiconductor
devices;

heating the first-layer semiconductor device and the sec-
ond-layer semiconductor device to a first temperature
to cure the thermosetting resin;

heating the first-layer semiconductor device and the sec-
ond-layer semiconductor device to a second tempera-
ture which is more than the first temperature to melt the
solder; and

cooling the first-layer semiconductor device and the sec-
ond-layer semiconductor device to solidify the solder.
7. The method according to claim 6, wherein the curing
temperature of the thermosetting resin is a temperature at
which the first-layer semiconductor device has a flat shape.
8. The method according to claim 6, wherein the curing
temperature of the thermosetting resin is 150 to 180° C. and
the heating time is 30 to 90 seconds.



