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1

SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2002-371538, filed Dec. 24, 2002, the entire contents of

which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
incorporating a chip-size semiconductor element and a
method of manufacturing the same.

2. Description of the Related Art

In recent years, semiconductor devices called CSP (chip
s1ze package) have been developed as portable electronic
devices represented by cellular phones decrease their sizes.
In a CSP, a passivation film (intermediate msulating film) 1s
formed on the upper surface of a bare semiconductor device
having a plurality of connection pads for external connec-
tion. Opening portions are formed 1n the passivation film in
correspondence with the connection pads. Wirings to be con-
nected to the connection pads are formed through the open-
ing portions. Columnar electrodes for external connection
are formed on the other-terminal sides of the wirings. The
space between the columnar electrodes for external connec-
tion 1s filled with a sealing material. According to this CSP,
when solder balls are formed on the columnar electrodes for
external connection, the device can be bonded to a circuit
board with connection terminals by the face-down method.
The mounting area can be almost the same as the size of the
bare semiconductor device. The CSP can therefore greatly
decrease the sizes of electronic devices as compared to the
conventional face-up bonding method using wire bonding. A
CSP capable of increasing the productivity 1s disclosed 1n,
e.g., U.S. Pat. No. 6,467,674. In this prior art, a passivation
film, wirings, external connection electrodes, and a sealing
material are formed on a semiconductor substrate in a water
state. After solder balls are formed on the upper surfaces of
the external connection electrodes that are exposed without
being covered with the sealing material, the wafer 1s cut
along dicing lines.

The conventional semiconductor device raises the follow-
ing problems when the number of external connection elec-
trodes 1ncreases as the degree of integration becomes higher.
As described above, a CSP normally has external connection
clectrodes arranged 1n a matrix on the upper surface of a bare
semiconductor device. In a semiconductor device having
many external connection electrodes, the size and pitch of
the external connection electrodes become extremely small.
Because of this disadvantage, the CSP technology cannot be
applied to devices that have a large number of external con-
nection electrodes relative to the size of the bare semicon-
ductor device. If the external connection electrodes have
extremely small size and pitch, alignment to the circuit
board 1s difficult. There are also many fatal problems such as
a low bonding strength, short circuit between electrodes 1n
bonding, and destruction of external connection electrodes
which 1s caused by stress generated due to the difference in
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coellicient of linear expansion between the circuit board and
the semiconductor substrate normally formed from a silicon
substrate.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a new
semiconductor device which can ensure necessary size and
pitch of external connection electrodes even when the num-
ber of electrodes increases.

According to one aspect of the present invention there 1s
provided a semiconductor device comprising: at least one
semiconductor structure having a plurality of external con-
nection portions on an upper surface; an insulating member
which 1s made of a resin containing reinforcing materials
and arranged on a side of the semiconductor structure; an
insulating film which 1s formed on the upper surface of the
semiconductor structure, except the external connection
portions, and on an upper surface of the msulating member;
and a plurality of upper wirings each of which has a connec-
tion pad portion which 1s located on an upper side of the
insulating film and electrically connected to a corresponding
one of the external connection portions of the semiconductor
structure, the connection pad portion of at least one of the
upper wirings being arranged above an upper surface of the
insulating member.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a sectional view of a finished semiconductor
device according to the first embodiment of the present
imnvention;

FIG. 2 1s a sectional view of an mmitially prepared pre-
device in an example of a method of manufacturing the
semiconductor device shown 1n FIG. 1;

FIG. 3 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 2;

FIG. 4 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 3;

FIG. 5 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 4;

FIG. 6 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 5;

FIG. 7 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 6;

FIG. 8 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 7;

FIG. 9 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 8;

FIG. 10 1s a sectional view of the pre-device in a manufac-
turing step following FI1G. 9;

FIG. 11 1s a sectional view of the pre-device in a manufac-
turing step following FI1G. 10;

FIG. 12 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 11;

FIG. 13 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 12;

FIG. 14 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 13;

FIG. 15 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 14;

FIG. 16 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 15;

FIG. 17 1s a sectional view of the pre-device 1n a manufac-
turing step following FI1G. 16;



US RE41,369 E

3

FIG. 18 15 a sectional view of an mmitially prepared base
plate according to the first modification of the method of
manufacturing the semiconductor device shown 1n FIG. 1;

FIG. 19 1s a sectional view of the pre-device 1n steps of
manufacturing main parts 1n the first modification shown in

F1G. 18;

FIG. 20 1s a sectional view of the pre-device 1n steps of
manufacturing main parts according to the second modifica-

tion of the method of manufacturing the semiconductor
device shown in FIG. 1;

FIG. 21 1s a sectional view of a manufacturing step fol-
lowing FI1G. 20;

FIG. 22 1s a sectional view of the pre-device 1n steps of
manufacturing main parts according to the third modifica-
tion of the method of manufacturing the semiconductor
device shown 1n FIG. 1;

FIG. 23 15 a sectional view of the pre-device 1n steps of
manufacturing main parts according to the fourth modifica-
tion of the method of manufacturing the semiconductor
device shown 1n FIG. 1;

FIG. 24 15 a sectional view of a manufacturing step fol-
lowing FI1G. 23;

FIG. 235 1s a sectional view of a semiconductor device
according to the second embodiment of the present mven-
tion;

FIG. 26 1s a sectional view of a semiconductor device
according to the third embodiment of the present invention;

FIG. 27 1s a sectional view of a semiconductor device
according to the fourth embodiment of the present invention;

FIG. 28 1s a sectional view of a semiconductor device
according to the fifth embodiment of the present invention;

FIG. 29 1s a sectional view of a semiconductor device
according to the sixth embodiment of the present invention;

FIG. 30 1s a sectional view showing a pre-device 1n steps
ol manufacturing main parts so as to explain a method of
manufacturing the semiconductor device shown 1n FIG. 29;

FIG. 31 1s a sectional view of a manufacturing step fol-
lowing FI1G. 30;

FIG. 32 1s a sectional view of a manufacturing step fol-
lowing FI1G. 31;

FIG. 33 15 a sectional view of a manufacturing step fol-
lowing F1G. 32;

FIG. 34 1s a sectional view of a semiconductor device
according to the seventh embodiment of the present mven-
tion;

FIG. 35 1s a sectional view of a semiconductor device
according to the eighth embodiment of the present invention;

FIG. 36 1s a sectional view of a semiconductor device
according to the ninth embodiment of the present invention;
and

FIG. 37 1s a sectional view showing a pre-device so as to
explain a method of manufacturing a semiconductor device
according to other embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
(First Embodiment)

FIG. 1 1s a sectional view of a semiconductor device
according to the first embodiment of the present invention.
This semiconductor device has a base plate 1 which has a
rectangular planar shape and 1s made of silicon, glass, or
ceramic. An adhesive layer 2 made of an adhesive agent,
adhesive sheet, or double-coated tape 1s formed on the upper
surface of the base plate 1.

A semiconductor structure 3 has a rectangular planar
shape and 1s slightly smaller than the base plate 1. The lower
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surface of the semiconductor structure 3 1s bonded to the
central portion of the upper surface of the adhesive layer 2.

The semiconductor structure 3 1s a device called a CSP.
The semiconductor structure 3 has a silicon substrate
(semiconductor substrate) 4 bonded to the central portion of
the upper surface of the adhesive layer 2. An integrated cir-
cuit (not shown) 1s formed at the central portion of the upper
surface of the silicon substrate 4. A plurality of connection
pads 5 made of an aluminum-based metal are formed at the
peripheral portion of the upper surface of the silicon sub-
strate 4 and electrically connected to the integrated circuit or
circuits. The upper surfaces of the connection pads, except
the central portions, and the upper surface of the silicon
substrate 4 are covered with an insulating film 6 made of
s1licon oxide. The central portion of each connection pad 5 1s
exposed through an opening portion 7 formed 1n the mnsulat-
ing {ilm 6. The structure having the connection pads 5 and
insulating film 6 formed on the silicon substrate 4 1s nor-
mally obtained by dicing the silicon substrate 4 1n a waifer
state 1nto individual chips or devices. In this embodiment,
however, dicing 1s not yet performed when the connection
pads 5 and insulating film 6 are formed on the silicon sub-
strate 4 1n the water state. As will be described below, only
after the semiconductor structure 3 having wirings 10 and
columnar electrodes 11 1s obtained, the silicon substrate 4 in
the watfer state 1s diced into individual semiconductor
devices.

The structure of the semiconductor assembly 3 called a
CSP will be described next in more detail. A protective film
(insulating film) 8 made of epoxy resin or polyimide 1s
formed on the upper surface of the insulating film 6 formed
on the silicon substrate 4. The protective film 8 has opening
portions 9 at positions corresponding to the opening portions
7 of the insulating film 6. The wiring 10, which has a lower
or base metal layer 10a and an upper or cover metal layer
10b formed on it, extends from the upper surface of each
connection pad 3 exposed through the opening portions 7
and 9 to a predetermined part of the upper surface of the
protective film 8.

The columnar electrode 11 made of copper 1s formed on
the upper surface of each wiring 10 at a position separated
from the connection pad. A sealing film (insulating film) 12
made of epoxy resin or polyimide 1s formed on the upper
surfaces of the wirings 10 and protective film 8, between the
columnar electrodes 11. The upper surface of the sealing
film 12 1s flush with the upper surfaces of the colummnar
electrodes 11. As described above, the semiconductor struc-
ture 3 called a CSP includes the silicon substrate 4, connec-
tion pads 5, insulating {ilm 6, protective film 8, wirings 10,
columnar electrodes 11, and sealing film 12.

An 1sulating member 13 having a rectangular frame
shape 1s formed on the upper surface of the adhesive layer 2
around the semiconductor structures 3. The insulating mem-
ber 13 1s made of a thermosetting resin such as epoxy resin
or BT resin that contains a reinforcing material such as fibers
or fillers made of an 1norganic matter or matters. An example
of the fiber 1s glass fiber or aramid fiber. An example of the
filler 1s silica filler and ceramic filler. The insulating member
13 has almost the same thickness as that of the semiconduc-
tor structure 3.

The upper surfaces of the semiconductor structure 3 and
insulating member 13 are covered with a first upper isulat-
ing film 14 made of epoxy resin or polyimide. The first upper
insulating film 14 has an opening portion 15 at a position
corresponding to the central portion of the upper surface of
cach columnar electrode 11. A first upper wiring 16, which
has a first lower or base metal layer 16a and a first upper or
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cover metal layer 16b formed on it, extends from the upper
surface of each columnar electrode 11 exposed through the
opening portion 15 to a predetermined part of the upper
surface of the first upper insulating film 14. The {irst upper
wiring 16 on the upper mnsulating film 14 extends outward
from the opening portion 15.

A second upper insulating film 17 made of epoxy resin or
polyimide 1s formed on the upper surfaces of the first upper
wirings 16 and first upper insulating film 14. The second
upper msulating film 17 has an opening portion 18 at a posi-
tion corresponding to the connection pad portion (extended
end portion) of each first upper wiring 16. A second upper
wiring 19 which has a second lower or base metal layer 19a
and a second upper or cover metal layer 19b formed on 1it,
extends from the upper surface of the connection pad portion
ol each first upper wiring 16 exposed through the opening
portion 18 to a predetermined part of the upper surface of the
second upper insulating {ilm 17. The second upper wiring 19
on the second upper insulating film 17 extends outward from
the opening portion 18.

A third upper nsulating film 20 made of epoxy resin or
polyimide 1s formed on the upper surfaces of the second
upper wirings 19 and second upper mnsulating film 17. The
third upper insulating film 20 has an opening portion 21 at a
position corresponding to the connection pad portion
(extended end portion) of each second upper wiring 19. The
connection pad portions of the second upper wirings 19 are
arranged 1n a matrix. Solder balls 22 are electrically con-
nected to the connection pad portions of the second upper
wirings 19 through the opening portions 21. The solder balls
22 extend upward from the third upper msulating film 20 at
the opening portions 21. The solder balls 22 are arranged 1n a
matrix on the third upper msulating film 20.

As described above, the planar size of the base plate 1 1s
slightly larger than that of the semiconductor structure 3.
This 1s because the arrangement region of the solder balls 22
should become slightly larger than the planar size of the
semiconductor structure 3 as the number of connection pads
5 on the silicon substrate 4 increases. Accordingly, the size
and pitch of the connection pad portions (the portions in the

opening portions 21 of the third upper mnsulating film 20) of

the second upper wirings 19 become larger than those of the
columnar electrodes 11.

Hence, the connection pad portions of the second upper
wirings 19 arranged 1n a matrix are arranged not only on the
region corresponding to the semiconductor structure 3 but
also on the region corresponding to the msulating member
13 formed outside the side surfaces of the semiconductor
structure 3. That 1s, of the solder balls 22 arranged 1n a
matrix, at least the solder balls 22 at the outermost positions
are arranged around the semiconductor structure 3.

In this case, all the connection pad portions of the second
upper wirings 19 may be arranged around the semiconductor
structure 3. Alternatively, only the first upper wirings 16 may
be formed without forming the second upper wirings. The
connection pad portions of at least upper wirings 16 at the
outermost positions may be located around the semiconduc-
tor structure 3, and the solder balls 22 may be directly con-
nected to the connection pad portions of the upper wirings
16.

As described above, as a characteristic feature of this
semiconductor device, the semiconductor structure 3 1s con-
structed by forming not only the connection pads 3 and insu-
lating film 6 but also the protective film 8, wirings 10,
columnar electrodes 11, and sealing film 12 on the silicon
substrate 4, and the insulating member 13 1s formed around
the semiconductor structure 3. At least the first upper insulat-
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ing film 14 and the first upper wirings 16 connected to the
columnar electrodes 11 through the opening portions 15
formed 1n the first upper nsulating film 14 are arranged on
the upper surface of the semiconductor structure 3.

In this case, the mnsulating member 13 having a rectangu-
lar frame shape and arranged around the semiconductor
structures 3 1s made of a thermosetting resin containing a
reinforcing material such as a fiber or filler. As compared to a
structure made of only a thermosetting resin, stress due to
shrinkage 1n setting the thermosetting resin can be reduced.
This also prevents the base plate 1 from warping.
Furthermore, the insulating member 13 1s capable of flatten-
ing 1tsell and planarization with respect to the semiconduc-
tor structure 3. For this reason, the height positions of the
upper surfaces of the upper wirings 16 and 19 and solder
balls 22, which are formed in subsequent steps, can be
uniformed, and the reliability of bonding can be increased.
(Manufacturing Method)

An example of a method of manufacturing the semicon-
ductor device will be described next. First, an example of a
method of manufacturing the semiconductor structure 3 will
be described. As shown 1n FIG. 2, the connection pads 3
made of an aluminum-based metal and the insulating film 6
made of silicon oxide are formed on the silicon substrate
(semiconductor substrate) 4 in a wafer state. The protective
film 8 made of epoxy resin or polyimide 1s formed on the
resultant structure. A semiconductor structure pre-device (an
incomplete semiconductor structure that 1s still under
manufacture) 1s thus prepared 1n which the central portion of
cach connection pad 5 1s exposed through the opening por-
tions 7 and 9 formed 1n the msulating film 6 and protective
{ilm 8.

As shown 1n FIG. 3, the lower metal layer 10a (properly
speaking, one metal layer before formation of a plurality of
lower metal layers which however have the same name and
same reference numeral for the descriptive convemence, and
this description method 1s also applied to other members to
be described later) 1s formed on the entire upper surface of
the protective film 8, including the upper surfaces of the
connection pads 5 exposed through the opening portions 7
and 9. In this case, the lower metal layer 10a may have only a
copper layer formed by electroless plating or only a copper
layer formed by sputtering. Alternatively, a copper layer may
be formed by sputtering on a thin titanium layer formed by
sputtering. This also applies to the lower metal layers 16a
and 19a of the upper wirings.

Next, a plating resist film 31 1s patterned on the upper
surface of the lower metal layer 10a. In this case, the plating
resist film 31 has an opening portion 32 at a position corre-
sponding to the formation region of each wiring 10. Copper
clectroplating 1s executed using the lower metal layer 10a as
a plating current path to form the upper metal layer 10b on
the upper surface of the lower metal layer 10a 1n each open-
ing portion 32 on the plating resist film 31. Then, the plating
resist film 31 1s removed.

As shown 1n FIG. 4, a plating resist film 33 1s formed and
then patterned on the upper surfaces of the upper metal layer
10b and lower metal layer 10a. In this case, the plating resist
film 33 has an opening portion 34 at a position correspond-
ing to the formation region of each columnar electrode 11.
Copper clectroplating 1s executed using the lower metal
layer 10a as a plating current path to form the colummnar
clectrode 11 on the upper surface of the connection pad por-
tion of the upper metal layer 10b 1n each opening portion 34
of the plating resist film 33.

The plating resist film 33 1s removed. Then, unnecessary
portions of the lower metal layer 10a are removed by etching
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using the columnar electrodes 11 and upper metal layers 10b
as a mask so that the lower metal layers 10a are left only
under the upper metal layers 10b, as shown in FIG. 5. Fach
left lower metal layer 10a and the upper metal layer 10b
formed on the entire upper surface of the lower metal layer
10a construct the wiring 10.

As shown 1n FIG. 6, the sealing film 12 made of epoxy
resin or polyimide 1s formed on the entire upper surfaces of
the columnar electrodes 11, wirings 10, and protective film 8
by screen printing or spin coating. The sealing film 12 has a
thickness more than the height of the columnar electrodes
11. Hence, 1n this state, the upper surfaces of the columnar
clectrodes 11 are covered with the sealing film 12.

The upper surface side of the sealing film 12 and colum-
nar electrodes 11 1s appropnately polished to expose the
upper surfaces of the columnar electrodes 11, as shown in
FIG. 7. The exposed upper surfaces of the columnar elec-
trodes 11 and the upper surface of the sealing film 12 are
planarized. As shown in FI1G. 8, finally the resultant structure
1s separated into 1individual semiconductor structures by the
dicing step, thereby obtaining a plurality of semiconductor
structures 3 shown in FIG. 1.

As described above, the reason why the upper surface side
of the columnar electrodes 11 1s appropriately polished 1s
that the heights of the columnar electrodes 11 formed by
clectroplating are uniformed by canceling a variation ther-
cbetween. To simultaneously polish the columnar electrodes
11 made of soit copper and the sealing film 12 made of
epoxy resin or the like, the polishing 1s executed by using a
grinder having a grindstone with an appropriate roughness.

An example will be described next, in which the semicon-
ductor device shown in FIG. 1 1s manufactured by using the
semiconductor structure 3 obtained 1n the above-described
way. As shown 1n FIG. 9, the adhesive layer 2 1s formed on
the entire upper surface of the base plate 1. The plate 1s so
large that a plurality of base plates 1 shown in FIG. 1 can be
sampled theretfrom. The base plate 1 has a rectangular planar
shape and, more preferably, an almost square planar shape,
though the shape 1s not limited. The lower surfaces of the
silicon substrates 4 of the semiconductor structures 3 are
bonded to a plurality of predetermined portions of the upper
surface of the adhesive layer 2 preferably in a matrix while
being separated from each other at a predetermined interval.

An 1nsulating material 13A made of a thermosetting resin
such as epoxy resin or BT resin that contains a reinforcing
materials such as fibers or fillers 1s placed on the upper sur-
face of the adhesive layer 2 between the semiconductor
structures 3 and outside those arranged at the outermost
positions so as to be formed slightly higher than the upper
surfaces of the semiconductor structures 3 1n a semi-set
state.

As shown 1 FIG. 10, the insulating material 13A 1s
heated and pressed by using a pair of heating/pressing plates
35 and 36. Accordingly, the insulating member 13 1s formed
on the upper surface of the adhesive layer 2 between the
semiconductor structures 3 and outside those arranged at the
outer-most positions to be almost tflush with the upper sur-
faces of the semiconductor structures 3. In this case, heating
and pressing are executed while causing the lower heating/
pressing plate 35 to abut against the lower surface of the base
plate 1 and the upper heating/pressing plate 36 to abut
against the upper surfaces of the semiconductor structures 3
and insulating material 13A.

As shown 1n FIG. 7, in the water state, the columnar elec-
trodes 11 1n each semiconductor structure 3 have a uniform
height. In addition, the upper surface of the sealing film 12,
including the upper surfaces of the columnar electrodes 11,
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1s planarized. For this reason, in the state shown in FIG. 10,
the plurality of semiconductor structures 3 have the same
thickness or height.

In the state shown 1n FIG. 10, when heating and pressing,
are performed while defining the upper surface of the semi-
conductor structure 3 as a press limit surface, the msulating
member 13 obtains almost the same thickness as that of the
semiconductor structure 3. When an open-ended flat press 1s
used as a press having the pair of heating/pressing plates 335
and 36, the excess thermosetting resin 1n the msulating mate-
rial 13 A 1s squeezed out of the pair of heating/pressing plates
35 and 36. When the thermosetting resin in the insulating
member 13 1s set completely 1n this state, the upper surtace
of the opening portion 15 becomes almost flush with the
upper surfaces of the semiconductor structures 3. In the
manufacturing step shown in FIG. 10, heating/pressing may
be executed by separate means. That 1s, for example, press-
ing 1s executed only from the upper surface while the lower
surface side of the semiconductor structures 3 is heated by a
heater through the base plate 1. Alternatively, heating and
pressing may be executed 1n separate steps.

In this way, since the thickness or height of the isulating
member 13 1s made almost equal to that of the semiconduc-
tor structure 3 by heating and pressing or only pressing, the
polishing step can be omitted. Hence, even when the planar
s1ze of the base plate 1 1s relatively as large as, e.g., about
500x500 mm, the msulating member 13 can easily be pla-
narized at once with respect to the plurality of semiconduc-
tor structures 3 arranged on the base plate 1.

In the heating/pressing step, even when the excess ther-
mosetting resin in the insulating material 13A overflows
onto the semiconductor structures 3, the thermosetting resin
layer formed by the overflow need not always be removed 1f
it has a negligible thickness. On the other hand, if the thick-
ness of the thermosetting resin layer formed by the overtlow
cannot be neglected, the layer 1s removed by builing.

As another example of polishing, an inexpensive and 1nac-
curate endless polishing belt 1s partially flattened. While
defining the upper surfaces of the semiconductor structures 3
as a press limit surface, the upper surfaces of the semicon-
ductor structures 3 and the thermosetting resin layer that
covers the upper surface of the insulating member 13 with a
desired thickness may be smoothened and polished by using
the flattened portion.

A polishing apparatus using a bull or endless polishing
belt can easily cope with a relatively large base plate 1 hav-
ing a size of, e.g., about 300x500 mm. In addition, since
only one cycle of polishing step sullices, polishing can easily
be executed in a short time. This polishing step 1s preferably
executed without causing sagging on the upper surface side
ol the columnar electrodes 11 from the viewpoint of
productivity, unlike polishing using a grindstone or the like.

The msulating member 13 having a rectangular frame
shape and arranged around the semiconductor structure 3 1s
made of a thermosetting resin containing reinforcing materi-
als such as fibers or fillers. For this reason, as compared to a
structure made of only a thermosetting resin, stress due to
shrinkage 1n setting the thermosetting resin can be reduced.
This also prevents the base plate 1 from warping. A sheet-
shaped member 1 which opening portions each having a
planar size almost equal to or slightly larger than that of the
semiconductor structure 3 are formed in advance at positions
corresponding to the semiconductor structures 3 may be
used as the insulating member 13. In the above embodiment,
aiter the plurality of semiconductor structures 3 are arranged
on the base plate 1, the insulating material 13A 1s arranged.
Instead, the semiconductor structures 3 may be arranged
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alter the insulating material 13A having opening portions
formed 1n correspondence with the semiconductor structures
3 1s arranged on the base plate 1.

After the step shown in FIG. 10, the first upper isulating
film 14 1s formed on the entire upper surfaces of the semi-
conductor structures 3 and insulating member 13, which are
almost flush with each other, as shown in FIG. 11. The first
upper insulating film 14 can be formed either by laminating
a resin sheet or by applying a liquid resin. When the {first
upper msulating film 14 1s formed using a photosensitive
resin such as epoxy resin or Cardo-type resin, the opening
portions 15 are formed by photolithography in the first upper
insulating film 14 at positions corresponding to the central
portions of the upper surfaces of the columnar electrodes 11.

When the first upper insulating film 14 1s formed using a
non-photosensitive resin such as epoxy resin or BT resin, the
opening portions 15 are formed in the first upper msulating
film 14 by laser machiming for irradiating the film with a
laser beam. In this case, even 11 the thermosetting resin layer
formed onto a surface of the semiconductor structure; when
the thermosetting resin 1n the mnsulating material 13A over-
flows thereto 1n the manufacturing step shown 1n FIG. 10 has
a thickness that cannot be neglected, the above-described
polishing step may be omitted as long as the layer 1s so thin
that opening portions can be formed by laser machining.

As shown 1n FIG. 12, the first lower metal layer 16a 1s
formed on the entire upper surface of the first upper insulat-
ing film 14, including the upper surfaces of the columnar
clectrodes 11 exposed through the opening portions 15. A
plating resist film 37 1s formed and patterned on the upper
surface of the first lower metal layer 16a. In this case, the
plating resist film 37 has an opening portion 38 at a position
corresponding to the formation region of each first upper
wiring 16. Copper electroplating 1s executed using the first
lower metal layer 16a as a plating current path to form the
first upper metal layer 16b on the upper surface of the first
lower metal layer 16a 1n each opening portion 38 of the
plating resist film 37.

The plating resist film 37 1s removed. Then, unnecessary
portions of the first lower metal layer 16a are removed by
ctching using the first upper metal layers 16b as a mask so
that the first lower metal layers 16a are left only under the
first upper metal layers 16b, as shown 1n FIG. 13. Each leit
first lower metal layer 16a and the first upper metal layer 16b
formed on the entire upper surface of the first lower metal
layer 16a construct the first upper wiring 16.

As shown 1n FIG. 14, the second upper insulating film 17
made of epoxy resin or polyimide 1s formed on the upper
surfaces of the first upper wirings 16 and first upper 1msulat-
ing {ilm 14 by screen printing or spin coating. In this case,
the second upper insulating film 17 has the opening portions
18 at positions corresponding to the connection pad portions
of the first upper wirings 16. The second lower metal layer
19a 1s formed on the entire upper surface of the second upper
insulating film 17 including the connection pad portions of
the first upper wirings 16 exposed through the opening por-
tions 18.

A plating resist film 39 1s patterned on the upper surface
of the second lower metal layer 19a. The plating resist film
39 has an opening portion 40 at a position corresponding to
the formation region of each second upper wiring 19. Cop-
per electroplating 1s executed using the second lower metal
layer 19a as a plating current path to form the second upper
metal layer 19b on the upper surface of the second lower
metal layer 19a 1n each opening portion 40 of the plating
resist film 39.

The plating resist film 39 1s removed. Then, unnecessary
portions of the second lower metal layers 19a are removed
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by etching using the second upper metal layers 19b as a
mask so that the second lower metal layers 19a are leit only
under the second upper metal layers 19b, as shown 1n FIG.
15. Each left second lower metal layer 19a and the second
upper metal layer 19b formed on the entire upper surface of
the second lower metal layer 19a construct the second upper
wiring 19.

As shown 1n FIG. 16, the third upper insulating film 20
made of epoxy resin or polyimide 1s formed on the upper
surfaces of the second upper wirings 19 and second upper
insulating film 17 by screen printing or spin coating. The
third upper insulating film 20 has the opening portions 21 at
positions corresponding to the connection pad portions of
the second upper wirings 19. The solder balls 22 are formed
in and above the opening portions 21 and connected to the
connection pad portions of the second upper wirings 19.

As shown 1n FIG. 17, the three insulating films 20, 17, 14,
the insulating member 13, the adhesive layer 2, and the base
plate 1 are cut between the adjacent semiconductor struc-
tures 3 to obtain a plurality of semiconductor devices shown

in FIG. 1.

In the semiconductor device thus manufactured, the first
lower metal layer 16a and first upper metal layer 16b con-
nected to each columnar electrode 11 of the semiconductor
structure 3 are formed by electroless plating (or sputtering)
and electroplating, respectively. The second lower metal
layer 19a and second upper metal layer 19b connected to the
connection pad portion of each first upper wiring 16 are
formed by electroless plating (or sputtering) and
clectroplating, respectively. For this reason, conductive con-
nection between each columnar electrode 11 and a corre-
sponding first upper wiring 16 and conductive connection
between each first upper wiring 16 and a corresponding sec-
ond upper wiring 19 1n the semiconductor structure 3 can
reliably be ensured.

In the above manufacturing method, the plurality of semi-
conductor structures 3 are arranged on the adhesive layer 2
of the base plate 1. For the plurality of semiconductor struc-
tures 3, the insulating member 13, the first to third upper
insulating films 14, 17, and 20, the first and second lower
metal layers 16a and 19a, the first and second upper metal
layers 16b and 19b, and the solder balls 22 are formed at
once. After that, the semiconductor structures 3 are sepa-
rated to obtain the plurality of semiconductor devices.
Hence, the manufacturing step can be simplified.

Additionally, the plurality of semiconductor structures 3
can be transported together with the base plate 1. This also
simplifies the manufacturing step. When the outer size of the
base plate 1 1s constant, a single transport system can com-
monly be used mdependently of the outer size of the semi-
conductor device to be manufactured.

In the above manufacturing method, as shown 1 FIG. 9,
the semiconductor structure 3 of CSP type, which has the
wirings 10 and columnar electrodes 11, 1s bonded to the
adhesive layer 2. The cost can be reduced as compared to a
case wherein, e.g., a normal semiconductor chip having the
connection pads 5 and insulating film 6 on the silicon sub-
strate 4 1s bonded to the adhesive layer 2, and wirings and
columnar electrodes are formed on a sealing film formed
around the semiconductor chip.

For example, assume that the base plate 1 before cutting
has an almost circular shape having a predetermined size,
like a silicon water. In this case, 1f wirings and columnar
clectrodes are formed on a sealing film formed around a
semiconductor chip bonded to the adhesive layer 2, the pro-
cess area increases. In other words, since a low-density pro-
cess 1s executed, the number of processed walers per cycle
decreases. This decreases the throughput and increases the
COST.
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To the contrary, in the manufacturing method described
above, the semiconductor structure 3 of CSP type, which has
the wirings 10 and columnar electrodes 11, 1s bonded to the
adhesive layer 2, and then, building-up 1s executed.
Although the number of processes increases, the efficiency
becomes high because a high-density process 1s executed
until formation of the columnar electrodes 11. For this
reason, the total cost can be decreased even in consideration
of the increase in number of processes.

In the above-described embodiment, the solder balls 22
are arrayed 1n an accurate or non accurate matrix pattern in
correspondence with the entire surfaces of the semiconduc-
tor structures 3 and insulating member 13. However, the
solder balls 22 may be arranged only on a region corre-
sponding to the insulating member 13 around the semicon-
ductor structure 3. Alternately, the solder balls 22 may be
formed not totally around the semiconductor structure 3 but
on only one to three sides of the four sides of the semicon-
ductor structure 3. In this case, the insulating member may

be arranged on only a side where the solder balls 22 are to be
formed.
(First Modification of Manufacturing Method)

The first modification of the method of manufacturing the
semiconductor device shown in FIG. 1 will be described
next. As shown in FIG. 18, an adhesive layer 42 formed of a
UV curing adhesive sheet 1s bonded to the entire upper sur-
face of a base plate 41 formed of a UV transmitting transpar-
ent resin plate or a glass plate. The above-described base
plate 1 and adhesive layer 2 are bonded to the upper surtace
of the adhesive layer 42.

After the manufacturing steps shown 1n FIGS. 9 to 16 are
executed, as shown in FIG. 19, the three insulating films 20,
17, and 14, the 1insulating member 13, the adhesive layer 2,
the base plate 1, and the adhesive layer 42 are cut while
leaving another base plate 41. The lower surface of another
base plate 41 1s irradiated with UV rays to cure the adhesive
layer 42 so that the adhesion of the adhesive layer 42 to the
lower surface of the cut base plate 1 decreases. The semicon-
ductor devices separated into chips on the adhesive layer 42
are removed and picked up one by one, thereby obtaining the
plurality of semiconductor devices shown 1n FIG. 1.

In this manufacturing method, 1n the state shown in FIG.
19, the semiconductor devices separated mto chips on the
adhesive layer 42 do not come apart. Hence, 1n mounting,
cach semiconductor device can be removed and picked up
onto a circuit board (not shown) without using any dedicated
semiconductor device mounting tray. In addition, when the
adhesive layer 42 which remains on the upper surface of
another base plate 41 and whose adhesion has decreased 1s
removed, the base plate 41 can be reused. Furthermore,
when another base plate 41 has a predetermined outer size, a
single transport system can commonly be used indepen-
dently of the outer size of the semiconductor device to be
manufactured.

A normal dicing tape which 1s expanded to detach semi-
conductor devices may be used as another base plate 41. In
this case, the adhesive layer need not be a UV curing layer.
Another base plate 41 may be removed by polishing or etch-
ing.

(Second Modification of Manufacturing Method)

The second modification of the method of manufacturing
the semiconductor device shown 1n FIG. 1 will be described
next. In this manufacturing method, after the manufacturing,
step shown 1n FIG. 11, the first lower metal layer 16a 1s
tormed by electroless plating on the entire upper surface of
the first upper insulating film 14 including the upper surfaces
of the columnar electrodes 11 exposed through the opening
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portions 15, as shown in FIG. 20. Next, copper electroplat-
ing 1s executed using the first lower metal layer 16a as a
plating current path to form a first upper metal formation
layer 16¢ on the entire upper surface of the first lower metal
layer 16a. A resist film 43 1s formed and patterned on the
upper surface of the first upper metal formation layer 16c¢ in
correspondence with the first upper wiring formation
regions.

Unnecessary portions of the first upper metal formation
layer 16c and first lower metal layer 16a are removed by
ctching using the resist film 43 as a mask so that the first
upper wirings 16 each formed of the first upper metal forma-
tion layer 16¢ and first lower metal layer 16a are left only
under the resist films 43, as shown 1n FIG. 21. After that, the
resist films 43 1s removed. The second upper wirings 19 may
be formed 1n accordance with the same forming method as
described above.

The base plate 1 shown 1n FIG. 9 or another base plate 41
shown 1 FIG. 19 may have a tray shape. That is, the base
plate 1s formed 1nto a saucer shape in which the region where
the semiconductor structures 3 are arrayed 1s recessed with
respect to the peripheral portion. A metal layer serving as a
plating current path 1s formed on the upper surface of the
peripheral portion that surrounds the array region of the
semiconductor structures 3 in the tray-shaped base plate.
Electroplating may be executed by connecting the metal
layer serving as a plating current path and the lower metal
layer (16a or 19a) serving as a plating current path by a
conductive member. In this case, when the outer size of the
tray 1s made constant, a single manufacturing apparatus can
be used, and the efficiency can be increased even when the
size of the semiconductor device to be manufactured
changes.

(Third Modification of Manufacturing Method)

The third modification of the method of manufacturing
the semiconductor device shown in FIG. 1 will be described
next. In this manufacturing method, as shown 1n FIG. 22, a
sheet-shaped insulating material 13B made of a thermoset-
ting resin such as epoxy resin or BT resin that contains a
reinforcing material such as a fiber or filler 1s arranged on the
plurality of semiconductor structures 3 formed on the adhe-
stve layer 2 on the base plate 1. In this state, a space 1s
formed between the semiconductor structures 3 1n a semi-set
state.

Next, heating and pressing are performed by using the
pair of heating/pressing plates 35 and 36 while setting the
upper surface of the semiconductor structure 3 as a press
limit surface. Accordingly, the thermosetting resin 1n the
sheet-shaped isulating material 13B 1s pushed into the
space between the semiconductor structures 3 and onto the
adhesive layer 2 outside the semiconductor structures 3
arranged at the outermost positions together with the rein-
forcing material. As 1n the case shown 1n FIG. 10, the 1nsu-
lating member 13 having an upper surface almost flush with
that of the semiconductor structure 3 1s formed.

(Fourth Modification of Manufacturing Method)

The fourth modification of the method of manufacturing
the semiconductor device shown 1n FIG. 1 will be described
next. In this manufacturing method, after the manufacturing
step shown 1n FIG. 9, a sheet-shaped first upper insulating
film material 14A made of a photosensitive resin such as
epoxy resin or Cardo-type resin 1s temporarily bonded to the
upper surtaces of the plurality of semiconductor structures 3
and the upper surface of the insulating material 13 A by using
a laminator, as shown 1n FIG. 23. In this case, the photosen-
sitive resin that forms the sheet-shaped first upper insulating
f1lm material 14A preferably has a relatively low tlowability.
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Next, the first upper insulating film material 14A 1s tem-
porarily cured by irradiating 1t with light. This temporary
curing 1s executed because the thermosetting resin in the
insulating material 13 A should not overflow onto the semi-
conductor structures 3, and the photosensitive resin 1n the
insulating material 13 A should not mix with the photosensi-
tive resin of the first upper insulating film material 14 A.

As shown 1n FIG. 24, heating and pressing are performed
by using the pair of heating/pressing plates 35 and 36 while
setting the upper surface of the upper insulating film material
14A as a press limit surface. Accordingly, the insulating
member 13 having an upper surface almost flush with that of
the semiconductor structure 3 1s formed on the upper surtace
of the adhesive layer 2 between the semiconductor structures
3 and outside those arranged at the outermost positions. In
addition, the first upper insulating film 14 1s formed on the
entire upper surfaces of the semiconductor structures 3 and
insulating member 13 which are almost flush with each
other.

In the heating/pressing process of this case, the semicon-
ductor structures 3 are pressed via the first upper isulating
film material 14A made of a photosensitive resin. For this
reason, stress applied to the semiconductor structures 3 can
be reduced. The first upper msulating film 14 made of a
photosensitive resin has already been irradiated with light
for temporary curing. Hence, the opening portions 15 (FIG.
11) are formed 1n the first upper insulating film 14 at posi-
tions corresponding to the central portions of the upper sur-
faces of the columnar electrodes 11 not by photolithography
but by laser machining.

(Second Embodiment)

In the manufacturing step shown i FIG. 9, mstead of
arranging, under a silicon substrate 4, an adhesive layer 2
common to a plurality of semiconductor structures 3, a plu-
rality of adhesive layers 2 are arranged in correspondence
with the semiconductor structures 3. When the adhesive lay-
ers 2 are bonded to predetermined portions on the upper
surface of a base plate 1, the lower surface of an insulating
member 13 1s directly bonded to the upper surface of the
base plate 1, in the manufacturing step shown i FIG. 10.
Hence, a semiconductor device according to the second
embodiment of the present invention shown in FIG. 25 1s
obtained.

In a semiconductor device thus obtained, for example, the
lower surface of the silicon substrate 4 1s bonded to the upper
surface of the base plate 1 via the adhesive layer 2, and
additionally, the side surfaces of the silicon substrate 4 are
connected to the upper surface of the base plate 1 via the
insulating member 13. For these reasons, the bonding
strength of the semiconductor structure 3 to the base plate 1
can be increased to some extend.

(Third Embodiment)

FIG. 26 1s a sectional view of a semiconductor device
according to the third embodiment of the present invention.
This semiconductor device 1s different from that shown 1n
FIG. 1 1n that 1t has neither a base plate 1 nor an adhesive
layer 2.

When the semiconductor device according to the third
embodiment 1s to be manufactured, as shown 1n, e.g., FIG.
16, after solder balls 22 are formed, the base plate 1 and
adhesive layer 2 are removed by etching and/or polishing.
Next, three msulating films 20, 17, and 14 and an 1nsulating
member 13 are cut between semiconductor structures 3 adja-
cent to each other to obtain a plurality of semiconductor
devices shown 1n FIG. 26. Since the semiconductor device
thus manufactured has neither the base plate 1 nor the adhe-
stve layer 2, the device can be thin.
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(Fourth Embodiment)

After a base plate 1 and adhesive layer 2 are removed by
polishing or etching, the lower surface sides of a silicon
substrate 4 and insulating member 13 are polished by an
approprate thickness. Three 1msulating films 20, 17, and 14
and an msulating member 13 are cut between semiconductor
structures 3 adjacent to each other to obtain a plurality of
semiconductor devices according to the fourth embodiment
of the present invention shown 1n FIG. 27. The semiconduc-
tor device thus manufactured can be made thinner.

Betfore formation of solder balls 22, the base plate 1 and
adhesive layer 2 may be removed by polishing or etching
(the lower surface side of the silicon substrate 4 and 1nsulat-
ing member 13 1s appropriately polished, as needed). Next,
the solder balls 22 are formed. Then, the three insulating
films 20, 17, and 14 and the insulating member 13 may be
cut between the semiconductor structures 3 adjacent to each
other.

(Fifth Embodiment)

FIG. 28 1s a sectional view of a semiconductor device
according to the fifth embodiment of the present invention.
This semiconductor device 1s different from that shown 1n
FIG. 1 1n that a heat dissipation metal layer 44 1s bonded to
the lower surface of an adhesive layer 2. The metal layer 44
1s made of copper fo1l having a thickness of several ten um.

When the semiconductor device according to the fifth
embodiment 1s to be manufactured, as shown 1n, e.g., FIG.
16, after solder balls 22 are formed, a base plate 1 1s removed
by polishing or etching. Next, the metal layer 44 1s bonded to
the entire lower surface of an adhesive layer 2. Three msulat-
ing {ilms 20, 17, and 14, an insulating member 13, the adhe-
stve layer 2, and the metal layer 44 are cut between semicon-
ductor structures 3 adjacent to each other to obtain a
plurality of semiconductor devices shown 1n FIG. 28.

In this embodiment, the adhesive layer 2 may also be
removed by polishing or etching (the lower surface side of a
s1licon substrate 4 and the insulating member 13 1s appropri-
ately polished, as needed). Then, the metal layer 44 may be
bonded to the lower surfaces of the silicon substrate 4 and
insulating member 13 via a new adhesive layer.

(Sixth Embodiment)

FIG. 29 1s a sectional view of a semiconductor device
according to the sixth embodiment of the present invention.
This semiconductor device 1s largely different from that
shown 1n FIG. 1 1n that a first upper insulating film 14 1s
made of the same material as that of an 1nsulating member
13, a gap 23 1s formed between a semiconductor structure 3
and the insulating member 13, and an insulating film 24
made of a resin 1s formed 1n the gap 23.

An example of a method of manufacturing the semicon-
ductor device will be described next. First, as shown in FIG.
30, the lower surface of the msulating member 13 having a
matrix or lattice shape 1s bonded to predetermined portions
of the upper surface of an adhesive layer 2 bonded to the
upper surface of a base plate 1. The insulating member 13 1s
obtained by forming a plurality of rectangular opening por-
tions 25 by die cutting or etching 1n a sheet-shaped msulat-
ing material (e.g., a prepreg) made of a thermosetting resin
containing a remnforcing material such as a fiber or filler
made of an 1mnorganic matter. The planar size of each opening
portion 25 1s slightly larger than that of a semiconductor
structure 3.

The lower surface of a silicon substrate 4 of each semi-
conductor structure 3 i1s bonded to the central portion of the
upper surface of the adhesive layer 2 in each opening portion
235 of the mnsulating member 13. The insulating member 13 1s
slightly thinner than the semiconductor structure 3. For this
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reason, the upper surface of the msulating member 13 1s
located on a shightly lower side of the that of the semicon-
ductor structure 3. In addition, since the planar size of the
opening portion 25 1s slightly larger than that of the semi-
conductor structure 3, the gap or interval 23 1s formed
between the mnsulating member 13 and the semiconductor
structure 3.

As shown in FIG. 31, a sheet-shaped first upper insulating
film material or member (e.g., a prepreg) 14B made of a
thermosetting resin containing a reinforcing material such as
a fiber or filler 1s simply placed on the upper surfaces of the
plurality of semiconductor structures 3 1n a semi-set state.
The interval 23 between the insulating member 13 and the
semiconductor structure 3 1s smaller than the diameter of the
reinforcing material such as a fiber or filler 1n the first upper
insulating film material 14B.

The first upper msulating film material 14B 1s heated and
pressed by using a pair of heating/pressing plates 35 and 36.
As a result, only the thermosetting resin 1n the first upper
insulating film material 14B 1s pushed into the gap 23
between the insulating member 13 and the semiconductor
structure 3 to form the insulating film 24, as shown 1n FIG.
32, because the diameter of the reinforcing material such as
a fiber or filler 1n the first upper insulating film material 148
1s larger than the interval between the insulating member 13
and the semiconductor structure 3. In addition, the first
upper insulating film 14 made of the thermosetting resin
containing the reinforcing matenal 1s formed on the upper
surfaces of the insulating film 24, insulating member 13, and
semiconductor structure 3.

In this case, when a virtual plane higher than the upper
surface of the semiconductor structure 3 by an amount equal
to the diameter of the remnforcing material 1 the first upper
insulating film material 14B 1s defined as a press limait
surface, the thickness of the first upper insulating film 14 on
the semiconductor structure 3 becomes equal to the diameter
of the reinforcing material 1n the first upper msulating film
14. The upper surface of the msulating member 13 1s
arranged on a slightly lower side of that of the semiconduc-
tor structure 3 because a virtual plane higher than the upper
surface of the insulating member 13 by an amount equal to
the diameter of the reinforcing material in the first upper
insulating film material 14B should not be defined as a press
limit surface. The upper surtace of the first upper insulating
film material 14B 1s pressed by the lower surface of the
heating/pressing plate 36 on the upper side and therefore
becomes a flat surface. Hence, the polishing step of planariz-
ing the upper surface of the first upper msulating film 14 can
be omatted.

As shown 1n FIG. 33, since the first upper msulating film
14 contains the reinforcing materials, opening portions 15
are formed 1n the first upper insulating film 14 1n correspon-
dence with the central portions of the upper surfaces of
columnar electrodes 11 by laser machining. The manufactur-
ing steps shown 1in, e.g., FIGS. 12 to 17 are executed to
obtain a plurality of semiconductor devices shown i FIG.
29.

(Seventh Embodiment)

For example, 1n the device shown in FIG. 1, the solder
balls 22 are arranged even on the third upper msulating film
20 above the semiconductor structure 3. However, the
present invention 1s not limited to this. For example, as in the
seventh embodiment of the present invention shown in FIG.
34, solder balls 22 may be arranged only on a third upper
insulating film 20 above an insulating member 13. A light
shielding film 26 which 1s made of a light shielding metal to
prevent light incidence on the integrated circuit on a silicon
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substrate 4 may be formed on the third upper msulating film
20 above the semiconductor structure 3. The light shielding
film 26 may be a metal sheet or may be formed by sputtering
or electroless plating.
(Eighth Embodiment)

FIG. 35 1s a sectional view of a semiconductor device
according to the eighth embodiment of the present invention.
This semiconductor device uses a semiconductor structure 3

having neither columnar electrodes 11 nor a sealing film 12,
unlike the semiconductor structure 3 shown 1n FIG. 1. In this

case, for example, when the manufacturing steps shown 1n
FIGS. 23 and 24 are executed, an insulating member 13
having a rectangular frame shape 1s formed on the upper
surface of an adhesive layer 2 around the semiconductor
structure 3. In addition, a first upper sulating film 14 1s
formed on the upper surfaces of a protective film 8 and the
insulating member 13, including wirings 10. Opening por-
tions 15 are formed 1n the first upper msulating film 14 1n
correspondence with the connection pad portions of the wir-
ings 10 by laser machining. First upper wirings 16 are con-
nected to the connection pad portions of the wirings 10
through the opening portions 15.

The semiconductor structure 3 has neither the columnar
clectrodes 11 nor the sealing film 12. This will be described
with referenced to, e.g., FIG. 23. In heating/pressing, the
semiconductor structure 3 1s pressed via a first upper mnsulat-
ing film material 14A made of a photosensitive resin. Hence,
stress applied to the semiconductor structure 3 1s reduced,
and no problem 1s posed.

(Ninth Embodiment)

For example, in FIG. 17, the resultant structure is cut
between the semiconductor structures 3 adjacent to each
other. However, the present invention 1s not limited to this.
The resultant structure may be cut for every two or more
semiconductor structures 3. For example, as in the ninth
embodiment of the present invention shown 1n FIG. 36, the
resultant structure may be cut for every three semiconductor
structures 3 to obtain a multi-chip module type semiconduc-
tor device. In this case, the three semiconductor structures 3
can be either of the same type or of different types.

(Other Embodiments)

In the above-described embodiments, the insulating mem-
ber 13 1s made of a thermosetting resin containing a reinforc-
ing material. However, the present invention 1s not limited to
this. The msulating member 13 may be made of only a ther-
mosetting resin. Alternatively, the insulating member 13
may be made of only a thermoplastic resin such as liquid
crystal polymer or PEET (polyetherketone).

When the msulating member 13 1s to be formed by using
only a thermoplastic resin, a liquid thermoplastic resin may
be printed by screen printing, as indicated by, e.g., 13A
FIG. 9. Alternatively, as indicated by, e.g., 13C 1n FIG. 37, a
liquid thermoplastic resin may be applied by a coating
method to cover the semiconductor structures 3. Then, the
insulating member 13 may be formed between the semicon-
ductor structures 3 by executing heating and pressing while
defining the upper surfaces of the semiconductor structures 3
as a press limit surface.

For example, 1n the device shown 1in FIG. 1, the first upper
wirings 16 are formed on the upper surface of the first upper
insulating film 14 formed on the upper surfaces of the semi-
conductor structures 3 and insulating member 13. However,
the present 1nvention 1s not limited to this. The first upper
wirings 16 may be formed on the upper surfaces of the semi-
conductor structures 3 and insulating member 13 without
forming the first upper insulating film 14.

As described above, according to the present mvention,
the connection pad portions of at least some of the upper-
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most wirings are arranged on the insulating member formed
on a side of the semiconductor structure. For this reason,
even when the number of connection pad portions of the
uppermost wirings increases, the necessary size and pitch
can be ensured.

What 1s claimed 1s:

1. A semiconductor device comprising:

at least one semiconductor structure having a plurality of
external connection portions on an upper surface;

an 1nsulating member which 1s made of a resin containing,
reinforcing materials and arranged on a side of the
semiconductor structure;

an 1nsulating film which 1s formed on the upper surface of
the semiconductor structure, except for at least a por-
tion of each of the external connection portions, and on
an upper surface of the msulating member; and

a plurality of upper wirings, each of which has a connec-
tion pad portion which is located Jon an upper side of]
above the insulating film, and each of which is electr-
cally connected to a corresponding one of the external
connection portions of the semiconductor structure, the
connection pad portion of at least one of the upper wir-
ings being arranged above [an] #2e upper surface of the
insulating member.

2. A device according to claim 1, wherein said at least one
semiconductor structure includes a plurality of semiconduc-
tor structures.

3. A device according to claim 1, wherein the upper sur-
face of the insulating member 1s substantially flush with
[that] the upper surface of the semiconductor structure.

4. A device according to claim 1, wherein the upper sur-
face of the insulating member is located Jon a lower side of
that] below the upper surface of the semiconductor struc-
ture.

5. A device according to claim 1, wherein the mnsulating
f1lm includes a resin and remnforcing materials contained 1n
the resin.

6. A device according to claim 3, wherein another insulat-
ing film made of the same resin as [that of] the insulating
film 1s formed between the semiconductor structure and the
insulating member.

7. A device according to claim 1, wherein the msulating
member has a frame shape having at least one opening
portion, and the semiconductor structure 1s arranged in the
opening portion.

8. A device according to claim 1, wherein the semicon-
ductor structure comprises.

a semiconductor substrate which has a plurality of con-
nection pads on [the] an upper surface thereof,

[the] anrother insulating film, which has openings [to]
through which the connection pads of the semiconduc-
tor substrate are exposed, and [is formed to cover]
which covers the upper surface of the semiconductor
substrate,

a plurality of wirings, each of which has a connection pad
portion that 1s located above said another insulating
film and is electrically connected to a corresponding
one of the connection [pad portions] pads of the semi-
conductor substrate through ore of the [opening] open-
ings of [the] said another insulating film,Jand located
on the insulating film, }

a plurality of columnar electrodes, each of which 1is
formed on ore of the connection pad [portion] portions
of the [wiring] wirings and [constructs] forms one of
the external connection [portion] portions of the semi-
conductor structure, and
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a sealing film which 1s formed around each columnar
electrode Jon the semiconductor substrate] and the wir-
ings of the semiconductor structure.

9. A device according to claim 1, wherein a solder ball 1s
formed on the connection pad portion of the at least one of
the upper [wiring located] wirings arranged above the upper
surface of the insulating member.

10. A device according to claim 9, wherein [said plurality]
each of the upper wirings [include] includes at least one
upper side wiring [located on an upper side] and at least one
lower side wiring located [on a lower side] below the at least
one upper side wiring, and the upper side wiring comprises
the connection pad portion on which the solder ball 1s
formed. Jon the connection pad portion of the upper side
wiring located on the upper side.]

11. A semiconductor device comprising:

a semiconductor structure including: (i) a semiconductor
substrate, (ii) a plurality of connection pads provided
on the semiconductor substrate, (iii) an insulating layer
which covers a surface of the semiconductor substrate
and which has openings to expose at least portions of
the connection pads on the semiconductor substrate,
(iv) a protective laver which is provided above the insu-
lating laver, and which has openings corresponding to
the openings in the insulating layer to expose at least
portions of the commnection pads, (v) a plurality of
wirings, each of which includes a connection pad por-
tion that is located above the protective laver and that
is electrically connected to a corresponding one of the
connection pads on the semiconductor substrate
through one of the openings of the insulating layver and
one of the openings in protective layer, (vi) a plurality
of external electrodes, each of which is provided on a
corresponding one of the connection pad portions, and
(vii) a sealing film which is provided above the protec-
tive laver and around each of the external electrodes
and the wirings;

an insulating member which is made of a vesin containing

reinforcing materials and arranged on a side of the
semiconductor structure;

an insulating film which is provided on an upper surface
of the semiconductor structure and on an upper surface
of the insulating member, and which exposes at least a
portion of each of the external electrodes; and

a plurality of upper wirings, each of which has a connec-
tion pad portion which is located above the insulating
film, and each of which is electrically connected to a
corresponding one of the external electrodes of the
semiconductor structure.

12. A device according to claim 11, wherein the insulating

50 film includes a vesin and reinforcing materials contained in
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the resin.

13. A device according to claim 12, wherein the insulating
member has a frame shape having at least one opening
portion, and the semiconductor structure is arranged in the
opening portion.

14. A device according to claim 13, wherein the upper
surface of the insulating member is substantially flush with
the upper surface of the semiconductor structurve, and a
lower surface of the insulating member is substantially flush
with a lower surface of the semiconductor structure.

15. A device according to claim 11, further comprising a
base plate having a vectangular planarv shape so as to carry
the semiconductor structuve and the insulating member.

16. A device according to claim 15, further comprising an
adhesive layer for coupling the semiconductor structure and
the base plate, wherein the adhesive layer is intervened
between the semiconductor structuve and the base plate.
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17. A semiconductor device comprising:

a semiconductor structure including: (i) a semiconductor
substrate, (ii) a plurality of connection pads provided
on the semiconductor substrate, (iii) an insulating layer
which covers a surface of the semiconductor substrate
and which has openings to expose at least portions of
the comnection pads on the semiconductor substrate,
(iv) a plurality of wirings, each of which includes a
connection pad portion that is located above the insu-
lating layer and that is electrically connected to a cor-
responding one of the connection pads on the semicon-
ductor substrate through one of the openings of the
insulating laver, (v) a plurality of external electrodes,
each of which is provided on a corresponding one of the
connection pad portions, and (vi) a sealing film whickh
is provided above the insulating layer and around each
of the external electrode and the wirings, the sealing
film having a periphery that is the same size as a
periphery of the semiconductor substrate and that has a
planar shape that is coincident with a planar shape of
the periphery of the semiconductor substrate,

an insulating member which is made of a vesin containing
reinforcing materials and arranged on a side of the
semiconductor structure;

an insulating film which is provided on an upper surface
of the semiconductor structure and on an upper surface
of the insulating member, and which exposes at least a
portion of each of the external electrodes; and

a plurality of upper wirings, each of which has a connec-
tion pad portion which is located above the insulating
film, and each of which is electrically connected to a
corresponding one of the external electrodes of the
semiconductor structure.

18. A device according to claim 17, wherein the upper
surface of the insulating member is substantially flush with
the upper surface of the semiconductor structure.

19. A device according to claim 17, wherein the insulating
film includes a vesin and reinforcing materials contained in
the resin.

20. A device according to claim 19, wherein the insulating
member has a frame shape having at least one opening
portion, and the semiconductor structuve is arranged in the
opening portion.

21. A device according to claim 20, whervein the upper
surface of the insulating member is substantially flush with
the upper surface of the semiconductor structure, and a
lower surface of the insulating member is substantially flush
with a lower surface of the semiconductor structure.
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22. A device according to claim 17, further comprising a
base plate having a rectangular planar shape so as to carry
the semiconductor structurve and the insulating member.

23. A device according to claim 22, further comprising an
adhesive layver for coupling the semiconductor structure and
the base plate, wherein the adhesive layer is intervened
between the semiconductor structurve and the base plate.

24. A device according to claim 22, further comprising an
adhesive layer for coupling the insulating member and the
base plate, wherein the adhesive layer is intervened between
the insulating member and the base plate.

25. A semiconductor device comprising:

a base plate having a rvectangular planar shape;

a semiconductor structurve which is provided above the
base plate and which includes: (i) a semiconductor
substrate, (ii) a plurality of external electrodes, which
are mounted above the semiconductor substrate, and
each of which has an upper surface, and (iii) a sealing
film having a periphery that is the same size as a
periphery of the semiconductor substrate and that has a
planar shape that is coincident with a planar shape of
the periphery of the semiconductor substrate;

an insulating member which is arranged above the base
plate beside the semiconductor structuve, and which
has a vectangular frame shape which includes an open-
ing portion in which the semiconductor structure is
positioned, an upper surface of the insulating member
being substantially flush with an upper surface of the
semiconductor structure, and a lower surface of the
insulating member being substantially flush with a
lower surface of the semiconductor structuve;

an insulating film which is provided on the upper surface
of the semiconductor structure and on the insulating
member, and which exposes at least a portion of the
upper surface of each of the external electrodes; and

a plurality of upper wirings, each of which has a connec-
tion pad portion which is located above the insulating
film, and each of which is electrically connected to a
corresponding one of the external electrodes of the
semiconductor structure.

26. A device according to claim 25, whevrein the insulating

member is made of a thermosetting vesin containing a rvein-

forcing material.

27. A device according to claim 26, wherein an upper

surface of the sealing film is flush with the upper surface of

each of the external electrodes.
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