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(54)  Multi-layer flexible printed wiring board
(57)  There is provided a multi-layer substrate whose
thickness is not increased, even if a semiconductor
package is mounted.

A semiconductor device 47 is housed inside a
housing section 57 of a container side laminated sub-
strate 10a, bonding pads 42 of the semiconductor
device 47 are made to contact on bumps 16a exposed
at the bottom of the housing section 57, an adhesive
layer on the housing section 57 is cause to melt by heat-
ing and pressing, and the semiconductor device is fas-
tened to the container side laminated substrate 10a,

and after that, a cover side laminated substrate 6b is
electrically and mechanically connected to the con-
tainer side laminated substrate 10a. A multi-layer sub-
strate 65 having the semiconductor device 47 buried
inside a multi-layer substrate is thus obtained. A shield
section having a large surface area is arranged close to
a circuit formation surface of the semiconductor device
47, and by connecting the shield section to a ground
potential noise is prevented from penetrating into the
semiconductor device 47.
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Description

BACKGROUND OF THE INVENTION
Technical Field

[0001] The present invention relates to multi-layer
substrates, and particularly to multi-layer substrates
suitable for mounting of semiconductor devices such as
integrated circuits.

Related Art

[0002] In the related art, multi-layer substrates hav-
ing high degree of freedom with respect to wiring are
used as a substrate for mounting semiconductor
devices such as integrated circuits. Reference numeral
106 in Fig. 9A is a multi-layer substrate, and is made up
of a plurality of laminated single layer substrates 101.
[0003] Each single layer substrate 101 comprises a
base film 122 formed of a polyimide film, a wiring film
115 disposed on the base film 122, and an adhesive film
121 arranged on the wiring film 115 and the base film
122. Conductive bumps 116 are formed on the wiring
film 115, and the tips of the bumps 116 project from the
top of the adhesive film 121. The base film 122 is sub-
jected to patterning a specified locations of a rear sur-
face of the wiring film 115 are partially exposed.

[0004] When a plurality of the single layer sub-
strates 101 are laminated on top of one another, bumps
116 of one single layer substrate 101 confront the rear
surface of the wiring film 115 of a single layer substrate
101 laminated on top of it, tips of the bumps 116 are
brought into contact with the rear surface of the wiring
film 115, and they are then stuck together using the
adhesive film 121, a multi-layer substrate 106 having a
desired number of films is obtained.

[0005] The surface of this multi-layer substrate 106
is covered by a protective film 120, and bumps repre-
sented by reference numeral 116a project from the sur-
face of the protective film 120.

[0006] Reference numeral 133 represents a semi-
conductor device, and has a plurality of circuits formed
inside. This circuit is connected to bonding pads 134
formed on the semiconductor device 133. The bonding
pads 134 confront the surface of the multi-layer sub-
strate 106, the bonding pads 134 are made to contact
the bumps 116a, as shown in Fig. 9B, thermo-compres-
sion bonding is carried out to melt a soldered film of the
surface of the bumps 116a, and the circuits inside the
semiconductor device 133 are connected to the wiring
films 115 inside the multi-layer substrate 106 via the
bonding pads 134 and the bumps 116a.

[0007] When a semiconductor device 133 in chip
form is mounted on a multi-layer substrate 106
described above, there is no need to package the sem-
iconductor device 133, contributing significantly to mini-
aturization of an electronic device.
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[0008] However, if the semiconductor device 133 is
mounted on the multi-layer substrate 106 of the related
art described above, the overall thickness of the multi-
layer substrate 106 is disadvantageously increased by
the thickness of the semiconductor device 133.

[0009] Also, with the multi-layer substrate 106 of the
related art, since it is necessary to protect the semicon-
ductor device 133, when the semiconductor device 133
is covered with resin 135, as shown in Fig. 9C, the over-
all thickness is further increased by the thickness of the
resin 135.

[0010] In recent years, in the field of portable tele-
phones and lap top and palm top personal computers,
there has been a demand for further miniaturization and
thinning of appliances, which has lead to the demand
for multi-layer substrates to be thin even when semicon-
ductor devices are mounted on them.

SUMMARY OF THE INVENTION

[0011] The present invention has been conceived in
view of the above described problems in the related art,
and the object of the present invention is to provide a
multi-layer substrate that does not suffer increased
thickness, even when semiconductors are mounted.
[0012] In order to solve the above described prob-
lems, a multi-layer substrate of the present invention
comprises a plurality of at least first single layer sub-
strates.

[0013] A first single layer substrate used in the
present invention has a first resin film, a first wiring film
arranged on the first resin film, and through holes pass-
ing through from a front surface to a rear surface.
[0014] In the present invention, at least two of the
first single-layer substrates are electrically connected
together, and the through holes are arranged so as to
be aligned, forming a housing section.

[0015] Generally, the surface area of a semiconduc-
tor chip is 1 mm? or more, which means that it is neces-
sary for the surface area of each of the through holes to
also be at least 1 mm 2, and the surface area of opening
of the housing section formed by laminating the through
holes also becomes at least 1 mm2. The depth of the
housing section is determined by the number of first sin-
gle layer substrates laminated on top of one another.
[0016] Also, the first single layer substrate of the
present invention has first bumps connected to the first
wiring film and first connection holes formed on the first
resin film, the first wiring film being located on the bot-
tom surface of the first connection holes.

[0017] In another aspect of the present invention, of
two adjacent first single layer substrates, first bumps of
one first single layer substrate are connected to posi-
tions of the first wiring film at bottoms of the first con-
necting holes of the other first single layer substrate.
[0018] Accordingly, the multi-layer substrate of the
present invention has desired first wiring films within
laminated first single layer substrates electrically con-
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nected.

[0019] In another aspect of the multi-layer substrate
of the present invention, a first adhesive film arranged
on the first wiring film and exhibiting adhesiveness upon
application of heat is provided on the first single layer
substrates, and tips of the first bumps project from the
surface of the first adhesive surface.

[0020] In this case, a plurality of the first single layer
substrates are placed in adhered while heating, and the
first single layer substrates are stuck together by the
resultant adhesive force of the first adhesive layer.
[0021] In yet another aspect of the multi-layer sub-
strate of the present invention also has a second single
layer substrate.

[0022] In a still further aspect, the second single
layer substrate comprises a second resin film, and a
second wiring film arranged on the second resin film,
with no through holes at least at positions where the
housing section is formed.

[0023] This second single layer substrate is further
laminated on the laminated first single layer substrates,
and the second single layer substrate is located on the
bottom surface of the housing section.

[0024] Further, another aspect of the multi-layer
substrate of the present invention has the second wiring
film of the second single layer substrate electrically con-
nected to at least part of the first wiring film of the first
single layer substrate adjacent to the second single
layer substrate.

[0025] Also, the second single layer substrate of the
multi-layer substrate of the present invention has sec-
ond bumps connected to the second wiring film, the
second bumps being connected to the first wiring film
located in bottom sections of the first connection holes
of the first single layer substrate adjacent to the second
single layer substrate.

[0026] Also, the second single layer substrate of the
multi-layer substrate of the present invention has sec-
ond connection holes, arranged on the second resin
film, the second wiring film being located on a bottom
surface of the second connection holes, and first bumps
of the first single layer substrate adjacent to the second
single layer substrate are connected to positions of the
second wiring film at the bottoms of the second connec-
tion holes.

[0027] A still further aspect of the second single
layer substrate of the multi-layer substrate of the
present invention has a second adhesive layer,
arranged on the second wiring film, exhibiting adhesive-
ness upon application of heat, and tips of the second
bumps project from a surface of the second adhesive
film, the second single layer substrate laminated to the
first single layer substrate by adhesive force of the sec-
ond adhesive layer.

[0028] The multi-layer substrate of the present
invention has the second bumps arranged on a bottom
surface of the housing section.

[0029] On the other hand, the multi-layer substrate
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of the present invention has bonding pads formed on
the second adhesive layer of the second single layer
substrate using openings having the wiring film posi-
tioned on a lower surface, and the bonding pads are
arranged on the bottom surface of the housing section.
[0030] It is possible to arrange one or both of the
second bumps and the bonding pads on the bottom sur-
face of the housing section.

[0031] With the multi-layer substrate of the present
invention, the first bumps of the first single layer sub-
strate are connected to the second wiring film posi-
tioned inside the second connection holes of the second
single layer substrate, and the first single layer substrate
and the second single layer substrate are stuck together
using adhesive force of the first adhesive layer. The
multi-layer substrate of the present invention has an
electrical element disposed inside the housing section
formed by the through holes of the laminated first single
layer substrates.

[0032] The electrical element of the multi-layer sub-
strate of the present invention is electrically connected
to the second bumps arranged on the bottom surface of
the housing section.

[0033] In the case where the electric element is a
semiconductor device in a chip state, a metallic wiring
film of the semiconductor device is connected to the
second bumps.

[0034] On the other hand, inside another multi-layer
substrate of the present invention, the electrical element
is connected to the bonding pads of the second single
layer substrate arranged on the bottom surface of the
housing section.

[0035] In this case, when the electric element is a
semiconductor device in a chip state, bumps of the sem-
iconductor device are connected to the bonding pads.
[0036] With the multi-layer substrate of the present
invention, the housing section is covered by a covering
single layer substrate having at least a resin film.
[0037] The multi-layer substrate of the present
invention has a wiring film provided on the resin film of
the covering single layer substrate. It is possible to lam-
inate the first or second single layer substrates on the
covering single layer substrate. It is also possible for the
covering single layer substrate to use the second single
layer substrate.

[0038] The multi-layer substrate of the present
invention also has a wiring film of larger surface area
than the semiconductor device arranged at positions of
the housing section is likely to be elongated will hypo-
thetically be elongated in the laminating direction that is,
at positions of the housing section is likely to be elon-
gated will hypothetically be elongated in the laminating
direction that is. This large surface area wiring film can
be connected to a ground potential and used as a shield
layer.

[0039] The present invention has the above
described structure, and is a multi-layer substrate that
can house an electrical element such as s semiconduc-
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tor integrated circuit inside a housing section formed
using a multi-layer substrate, constructed by laminating
single layer substrates, and a cavity inside the multi-
layer substrate.

[0040] The multi-layer substrate of the present
invention is formed by laminating a plurality of single
layer substrates. For example, it is possible to construct
the multi-layer substrate by forming an adhesive layer
on respective single layer substrates and causing the
adhesive layers to come into contact with resin films to
connect each of the single layers to a substrate.

[0041] The first and second wiring films of the first
and second single layer substrates of the present inven-
tion are defined on first and second resin films by pat-
terning copper foil or aluminum foil etc.

[0042] It is possible to form first and second bumps
on the first and second wiring films. If openings are then
formed in the first and second resin films and the first
and second wiring films exposed to form connecting
sections at bottoms of the resin layers, then when the
first single layer substrate and the second single layer
substrate are laminated, bumps of one adjacent single
layer substrate are aligned with connecting sections of
the other adjacent single layer substrate, and tips of the
bumps are connected to the wiring film at the bottoms of
the connecting sections to electrically connect wiring
films of the respective single layer substrates using the
bumps.

[0043] A solder film is provided on the surface of the
bumps, and if the solder is melted while bring the bumps
into contact with the wiring film and fixing them together,
the bumps are mechanically and electrically connected
to the wiring film by the solder which means that the
connection between laminated wiring films is reliable.
[0044] The first single layer substrates of the
present invention have through holes, and if the through
holes of a plurality of first single layer substrates are
aligned and laminated, the housing section is formed by
the aligned through holes. If the second single layer
substrate is further laminated on the multi-layer sub-
strate of laminated first single layer substrates, the sec-
ond single layer substrate is located on the bottom
surface of the housing section.

[0045] If the second bumps are caused to be
exposed at sections of the second single layer substrate
at the housing section bottom surface, then when an
electrical element such as a semiconductor integrated
circuit is housed inside the housing section of the multi-
layer substrate leads leading out from the electrical
component and a metallic wiring film formed on the sur-
face of the electrical element can be connected to the
bumps.

[0046] An anisotropy conductive film is arranged
between the bumps and the metallic wiring, and it is
possible to connect between the bumps and the metallic
wiring or the leads using the adhesive force and electri-
cal connectivity of the anisotropy conductive film, and it
is also possible to connect the metallic wiring of the
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electrical element and the leads using solder on the sur-
faces of the bumps.

[0047] Further, by causing the second wiring film of
the second single layer substrate to be exposed at the
housing section bottom surface it is possible to bring the
leads and bumps provided on the electrical element into
contact with each other and connect them. In this case,
it is preferable to form a solder film in advance on the
surfaces of the electrical element leads and bumps and
connect to the second wiring film using the solder, and
it is also possible to use an anisotropy conductive film.
[0048] It is also possible to cover the electrical ele-
ment using a single layer substrate or a multi-layer sub-
strate of laminated single layer substrate, after housing
the electrical element in the housing section and electri-
cally connecting to the second wiring film of the second
single layer substrate on the housing section bottom
surface. The surface of the multi-layer substrate after
covering becomes uniform.

[0049] The initial depth of the housing section hous-
ing the electrical element is shallower than the thick-
ness of the electrical element, and it is also possible to
form the housing section in a cover side single layer
substrate using a first single layer substrate and to
house an upper part of the electrical element inside the
cover side housing section. It is possible to electrically
connect first wiring films of first single layer substrates
forming two housing sections.

[0050] If a wiring film having a larger surface area
than the electrical element is provided on the multi-layer
substrate and this wiring film is connected to a ground
potential as a shield section, noise does not penetrate
to the electrical element contained inside the housing
section of the multi-layer substrate. It is possible to
arrange the shield section on both the front and rear
surfaces of the electrical element. In the event that the
electrical element is a semiconductor integrated circuit,
a surface of a semiconductor substrate inside the semi-
conductor integrated circuit opposite to a surface on
which microscopic electrical elements are formed is
grounded, so that it is possible to provide a shield sec-
tion only on the surface where the microscopic electrical
elements are formed.

DESCRIPTION OF THE DRAWINGS
[0051]

Fig. 1A - 1F show a manufacturing process for a
single layer substrate used in the present invention.
Fig. 1G - 1M shows a continuation of this manufac-
turing process.

Fig. 1N shows a first single layer substrate.

Fig. 2A shows a second single layer substrate.

Fig. 2B shows a third single layer substrate.

Fig. 2C shows a fourth single layer substrate.

Fig. 3A is an enlarged view of an example of a
bump section of a multi-layer substrate of the
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present invention.

Fig. 3B is a cross sectional drawing of a housing
section.

Fig. 3C is a perspective view showing the outline of
the housing section.

Fig. 4A - 4D show a manufacturing process for one
example of a multi-layer substrate of the present
invention.

Fig. 5 shows the end of the multi-layer substrate.
Fig. 6A-6D show another example of a multi-layer
substrate of the present invention.

Fig. 7 shows an example of a multi-layer substrate
of the present invention having a shield section.
Fig. 8 shows the shield section.

Fig. 9A-9C show a manufacturing process for a
multi-layer substrate of the related art.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0052] Figs. 1A - 1M show a manufacturing process
for a single layer substrate used in the multi-layer sub-
strate of the present invention.

[0053] Referring to Figs. 1A - 1F, first of all, a metal-
lic foil 11 (here, rolled copper foil having a thickness of
18 um is used) is prepared (Fig. 1A) a protective film 12
is bonded to a rear surface of the metallic foil 11 and a
mask film (dry film: SPG-152, manufactured by Asahi
Kasei Ltd.) 13 exposable to ultraviolet rays is bonded to
the front surface (Fig. 1B).

[0054] Next, using a glass mask formed into a spec-
ified pattern, the mask film 13 is exposed (exposure
light strength 100 mJ), and developed with chemicals to
form opening sections 14 at specified locations. (Fig.
1C). The formation precision of the opening section 14
at this time is such that the diameter of the opening sec-
tions is approximately £2.5 um for a circle whose mask
pattern diameter is 30 um - 50 um.

[0055] In this state, the entire assembly is sub-
merged in an electrolytic solution for copper plating, and
when electric current flows, copper is grown on the sur-
face of the metallic foil 11 that has been exposed at the
bottom surface of the opening sections 14, and conduc-
tive bumps 16 are formed (Fig. 1D).

[0056] Next, the mask film 13 and the protective film
12 are removed using alkali (Fig. 1E). In this state,
mushroom shaped conductive bumps 16 stand in per-
pendicular direction on the surface of the metallic foil 11.
[0057] A carrier film 17 is bonded to the rear surface
the metallic foils 11 (the surface opposite to the bumps
16), and a resin material formed from a polyimide pre-
cursor is applied and dried on the surface of the metallic
foil 11 to form a precursor coat 18 comprised of the
polyimide precursor (Fig. 1F). In this state, the precur-
sor coat 18 swells out in the vicinity of the bumps 16, but
at positions away from the bumps 16 it is uniform. The
thickness of the uniform sections of the precursor coat
18 is such that it is thinner than the height of the bumps
16. Reference numeral 19 in Fig. 1F represents a film in
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the state of having the precursor coat 18 formed.
[0058] Next, referring to Fig. 1G - Fig. 1J, this film
19 is rolled by rollers 314 and 31, (Fig. 1G), to make the
precursor coat 18 on the bumps 16 thin. Following that,
an alkali solution is sprayed onto the precursor coat 18
and the surface is etched to expose tips of the bumps 16
through the surface of the precursor coat 18 (Fig. 1H).
[0059] Next, after peeling off the carrier film 17 on
the rear surface, the precursor coat 18 is heated (at
280°C for 10 minutes) to turn it into a film, and an adhe-
sive layer 21 formed from polyimide resin is formed on
the surface of the metallic foil 11 (Fig. 11). This adhesive
film 21 is thermoplastic, and has zero or negligible
adhesive force at normal temperature but exhibits adhe-
sive force when heat is applied.

[0060] Next, a resist film is formed on the rear sur-
face of the copper foil 11 and subjected to patterning.
Reference numeral 22 in Fig, 1J represents a patterned
resist film. The metallic film 11 is exposed at the bottom
surface of opening sections 32 in this resist film 22, and
etching is carried out in this state to transcribe the pat-
tern of the resist film 22 onto the metallic foil and form a
wiring film.

[0061] Fig. 1K shows the state with the resist film 22
removed, and reference numeral 15 represents the wir-
ing film that has been subjected to patterning. In the wir-
ing film 15 sections where the bumps 16 are formed are
subjected to slightly wide patterning. At this time, a
shield section, which will be described later, is formed
together with the wiring film 15 by patterning the metal-
lic foil 11.

[0062] Reference numeral 33 in Fig. 1K represents
parts of a region of removed metallic foil 11 where
through holes, that will be described later, will be
formed.

[0063] Next, a polyimide precursor is applied on a
rear surface side (a surface where the bumps 16 are not
formed) of the wiring film 11, and a precursor coat 23 is
formed (Fig. 1L). The precursor coat 23 contacts the
wiring film 15 at sections where the wiring film 15 exists,
and at sections where there is no wiring film 15 the pre-
cursor coat 23 contacts the adhesive layer 21.

[0064] Next, a resist film is formed on the surface of
the precursor coat 23 and subjected to patterning. Ref-
erence numeral 24 in Fig. 1M represents the resist film
24 that has been subjected to patterning, and defines
openings 34. These openings 34 are made up of open-
ings 34a provided at sections where the precursor coat
23 is adhered to the adhesive layer 21, and openings
34b provided at sections where the precursor coat 23
contacts the wiring film 15.

[0065] The precursor coat 23 exposed at bottoms of
the openings 34a and 34b is removed with the resist film
24 as a mask, and patterning is carried out. At this time,
the adhesive layer 21 is also removed together with the
precursor coat 23 at sections where the precursor coat
23 adheres the adhesive layer 21.

[0066] After the resist film 24 has been removed,
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heat treatment and hardening of the precursor coat 23
are carried out to obtain a first single layer substrate as
shown by reference numeral 1 in Fig. 1N. Reference
numeral 25 represents a resin film formed of polyimide
film by hardening of the precursor coat 23 that has been
subjected to patterning. The resin film 25, the wiring film
15 and the adhesive layer 21 are flexible, which means
that the first single layer substrate 1 is also flexible and
can be bent.

[0067] Openings 35 are partially formed in the resin
film 25 and the adhesive layer 21. Among these open-
ings 35, through holes 35a are formed passing through
from the front surface of the first single layer substrate 1
to the rear surface at sections where the wiring film 15
is not provided and the adhesive layer 21 and the resin
film 25 have both been removed. At sections where
there is the wiring film 15, the wiring film 15 and the
adhesive layer 21 remain and only the resin film 25 is
removed to form openings as connecting holes 35b.
These connecting holes 35b do not penetrate through
the substrate, and are exposed to the wiring film 15 at
the bottom.

[0068] The through holes 35a have sections where
they form a housing section that will be described later
when a plurality of first single layer substrates 1 are lam-
inated, and the size of through holes 35a of the respec-
tive laminated first single layer substrates 1 is almost
the same size of a chip-mounted semiconductor device.
For example, the size of one edge of the through holes
35a is greater than 1 mm and less than a few tens of
mm. Inside the through holes 35a an end section of the
wiring film 15 is not exposed, and when the chip-state
semiconductor device is contained inside the housing
section formed by the through holes 35a, the side sur-
faces of the semiconductor device do not come into
contact with the wiring film 15.

[0069] On the other hand, the size of the connecting
holes 35b is the same as the size of the bumps 16 (50-
500 um) and tips of the bumps 16 can be brought into
contact with the surface of the wiring film 15 exposed at
the bottoms of the connecting holes 35b.

[0070] Reference numeral 2 in Fig. 2A represents a
second single layer substrate without through holes
34a. Except that it has no openings 34a of the resist film
24 formed at sections where the adhesive layer 21 and
the precursor coat 23 are adhered together, this second
single layer substrate 2 is formed using the same proc-
esses as the first single layer substrate 1. Accordingly,
the second single layer substrate 2 is also flexible, simi-
larly to the first single layer substrate 1.

[0071] This second single layer substrate 2 is
arranged below the laminated first single layer sub-
strates 1, and constitutes a bottom of the housing sec-
tion and a cover for the housing section.

[0072] Reference numeral 3 in Fig. 2B represents a
third single layer substrate arranged highest up in a
multi-layer substrate when the multi-layer substrate is
formed by laminating the single layer substrates. A wir-
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ing film 15 of this third single layer substrate 3 is also
comprised of copper foil subjected to patterning. A pro-
tective film 21 of the same material as the resin film 25
of the first single layer substrate 1 is formed on the sur-
face of the wiring film 15 of the third single layer sub-
strate 3. With the third single layer substrate 3, there are
cases where the substrate has bumps 16 and cases
where there are no bumps 16. Also, there are cases
where through holes 35 are formed and cases where
they are not formed.

[0073] Reference numeral 4 in Fig. 2C represents a
fourth single layer substrate arranged at the bottom of
the multi-layer substrate. This fourth single layer sub-
strate 4 has the same structure as the second single
layer substrate 2 and the wiring film and the resin film
use the same material. Accordingly, the fourth single
layer substrate 4 is also flexible. With the fourth single
layer substrate 4, it is possible to either have connection
holes 35b or not have them.

[0074] When the multi-layer substrate of the
present invention is constructed by laminating the
above described first to fourth single layer substrates 1
- 4, with the single layer substrates laminated on top of
one another, positions of the connection holes 35b and
the bumps 16 are arranged so that bumps 16 of one sin-
gle layer substrate come into contact with connection
holes 35b of another single layer substrate. By bringing
the bumps 16 into contact with the wiring film 15
exposed at the bottom of the connecting holes 35b and
crimping them together while heating, the adhesive
layer 21 is softened and the adhesive layer 21 exhibits
adhesive force to fasten the substrates together.

[0075] When a solder coat is formed on the surface
of the bumps 16, the wiring film 15 and the bumps 16
are electrically and physically connected by melting the
solder. In this case, it is possible to form a gold coating
on the surface of the solder coat. The bumps 16 and the
wiring film 15 can also be electrically connected without
providing the solder coating.

[0076] Fig. 3A shows an enlarged view of a con-
nected section of the wiring film 15 and the bumps 16 in
the case where a plurality of single layer substrates are
laminated on top of one another.

[0077] Reference numeral 6a in Fig. 3B is a cross
section of a multi-layer substrate having a fourth single
layer substrate 4, two second single layer substrates 2,
and 2,, and three first single layer substrates 14 - 15
laminated in that order. Through holes 35a; - 35a3 of
the same size are formed at the same positions in each
of the first single layer substrates 14 - 13. The second
single layer substrate 2, is connected to the lowermost
first single layer substrate 14, which means that this sec-
ond single layer substrate 2 is positioned on the bottom
of the housing section 26. Accordingly, the housing sec-
tion 26 having a bottom is formed by the through holes
35a4 - 35a5 of the first single layer substrates 14 - 13 and
the second single layer substrate 2 arranged at the bot-
tom of the through holes.
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[0078] Reference numeral 16a in Fig. 3B repre-
sents bumps, among the bumps 16 provided on the sec-
ond single layer substrate 2, exposed at the bottom of
the housing section 26.

[0079] Reference numeral 16b in Fig. 3B repre-
sents bumps of the first single layer substrate 13 posi-
tioned on the surface of the multi-layer substrate 6a,
and reference numeral 16¢ represents bumps posi-
tioned inside the multi-layer substrate 6a and connect-
ing to the wiring film 15.

[0080] Fig. 3C is a perspective schematic drawing
of a section forming the housing section 26 of the multi-
layer substrate 6a. Bumps 16 of the second single layer
substrate 2, are exposed at the bottom of the housing
section 26, but these are omitted from this perspective
drawing.

[0081] Next, processing for mounting an electrical
element on this multi-layer substrate 6a will be
described.

[0082] Reference numeral 41 in Fig. 4A represents
a semiconductor device such as a semiconductor inte-
grated circuit, and is one example of an electrical ele-
ment that can be mounted. The semiconductor device is
provided with microscopic electrical elements on one
surface, and forms an electrical circuit. Bonding pads 42
formed from a metallic thin film are formed on the sur-
face on which this electrical circuit is formed.

[0083] In the case where a semiconductor device
41 is mounted on the multi-layer substrate 6a, the sem-
iconductor device is inserted into the housing section 26
with the bonding pads 42 facing towards the bottom of
the housing section 26.

[0084] The bumps 16a Inside the housing section
26 are arranged corresponding to the bonding pads 42,
and when they are aligned, the bonding pads 42 are
mounted on the bumps 16a.

[0085] With the bonding pads 42 mounted on the
bumps 16a, when the semiconductor device 41 is
pressed against the multi-layer substrate 6a while heat-
ing, the surface of the semiconductor device 41 comes
into contact with the surface of the adhesive layer 21 on
the bottom of the housing section 26, and the semicon-
ductor device 41 is adhered to the multi-layer substrate
6a by the softened adhesive layer 21 (Fig. 4B).

[0086] In addition to the multi-layer substrate 6a
having the housing section 26 as described above, a
multi-layer substrate as shown by reference numeral 6b
in Fig. 4C is also prepared.

[0087] This multi-layer substrate 6b is comprised of
two second single layer substrates 25 and 24 and a third
single layer substrate 3 laminated in this order. This
multi-layer substrate 6b act as a cover, and the multi-
layer substrate 6a forming the housing section 26 acts
as a container, and after housing the semiconductor
device 41 inside the housing section 26, the cover side
multi-layer substrate 6b is placed on the top of the con-
tainer side multi-layer substrate 6a.

[0088] Connection holes 35b of the second single
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layer substrate 23 are arranged on the bottom of the
cover side multi-layer substrate 6b, and these connect-
ing holes 35b and bumps 16b exposed on the container
side multi-layer substrate 6a are arranged at positions
corresponding to each other.

[0089] As a result, when covering is carried out by
aligning the cover side multi-layer substrate 6b and the
container side multi-layer substrate 6a, the bumps 16b
of the container side multi-layer substrate 6a come into
contact with the surface of the wiring film 15 exposed on
the bottom of the connection holes 35b of the cover side
multi-layer substrate 6b.

[0090] If heating and pressing are carried out in this
state, the container side multi-layer substrate 6a and the
cover side multi-layer substrate 6b are adhered by the
adhesive layer 21, and the wiring film 15 inside the
cover side multi-layer substrate 6b and the wiring film 15
inside the housing 26 side multi-layer substrate 6a are
electrically connected using the bumps 16b to form an
integrated multi-layer substrate 6. A semiconductor
device 41 is housed inside this multi-layer substrate 6,
and the housing section 27 is formed utilizing an airtight
cavity.

[0091] In this way, the semiconductor device 41 is
integrated in a housed state. When one multi-layer sub-
strate 6 is formed, a chip-mounted multi-layer substrate
62 is constructed of the multi-layer substrate 6 and the
semiconductor device 41 buried inside the airtight hous-
ing section 27 (Fig. 4D).

[0092] A circuit inside the semiconductor device 41
is respectively connected to wiring films 15 of each of
the single layer substrates 1 - 4 constituting the multi-
layer substrate 6 via the bonding pads 42 and the
bumps 16.

[0093] An end section of this chip-mounted state
multi-layer substrate 62 is constructed so that it is pos-
sible to electrically connect wiring films 15 inside the
multi-layer substrate 6 to other circuit substrates etc.
using bumps 36 exposed on the surface or connecting
holes 37 formed on the bottom, as shown in Fig. 5.
Accordingly, the semiconductor device 41 inside the
multi-layer substrate 62 can be electrically connected to
other circuit substrates using the bumps 36 or the con-
necting holes 37.

[0094] Also, a wiring film 15 having a comparatively
large surface area is exposed at the bottom surface of
an end section to form a connection terminal 38, and it
is possible to connect to other electrical substrates
using this connection terminal.

[0095] In this way, with the above described multi-
layer substrate 62, since the semiconductor device 41 is
buried inside the multi-layer substrate 6, the overall
thickness is not increased by the extent of the semicon-
ductor device 41.

[0096] Also, since the first to fourth single layer sub-
strates 1 - 4 constituting the multi-layer substrate 62 are
flexible, this multi-layer substrate 62 is flexible except at
parts where the semiconductor device 41 is mounted.
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[0097] In this embodiment, a multi-layer substrate
has been constructed having only one semiconductor
device 41 buried inside the multi-layer substrate 6, but it
is also possible to construct a multi-layer substrate hav-
ing a plurality of semiconductor devices buried inside. In
this case, electrical connection among buried semicon-
ductor substrates can be ensured by the wiring film 15
and the bumps 16 inside the multi-layer substrate 6.
[0098] Next, another embodiment of the present
invention will be described. Reference numeral 7a in
Fig. 6A represents a multi-layer substrate having the
same structure as the above described container side
multi-layer substrate 6a. A cover side multi-layer sub-
strate 7b is formed opposite this container side multi-
layer substrate 7a by further laminating a second single
layer substrate 2 and a third single layer substrate 3 in
that order on a plurality of laminated first single layer
substrates 1.

[0099] A housing section 53 having a bottom is
formed on the container side multi-layer substrate 7a
using through holes 35a of the laminated first single
layer substrates 1, and similarly, a housing section 54
having a bottom is formed on the cover side multi-layer
substrate 7b using through holes 35a.

[0100] The above described semiconductor device
41 is housed inside the housing section 53 of the con-
tainer side multi-layer substrate 7a and adhered to this
multi-layer substrate 7a. Also, when an integrated multi-
layer substrate 7 is formed by electrically connecting to
the wiring film 15 and further adhering the cover side
multi-layer substrate 7b onto the multi-layer substrate
7a and electrically and mechanically connecting
between the multi-layer substrates 7a and 7b, the semi-
conductor device 41 is housed inside a cavity formed by
the two housing sections 53 and 54.

[0101] This multi-layer substrate 7 has the same
structure as the multi-layer substrate 6 shown in Fig. 4D,
and similarly can mount electrical elements.

[0102] Next, reference numeral 43 in Fig. 6B repre-
sents a semiconductor device having bumps 44 formed
on the surface. When this semiconductor device 43 is
used, it is preferable to partially expose the surface of
the wiring film 15 at the bottom of the housing section
55 of a container side multi-layer substrate 8a so as to
come into contact with the bumps 44 formed on the
semiconductor device 43.

[0103] An integrated multi-layer substrate 8 is
obtained by bonding together this multi-layer substrate
8a and cover side multi-layer substrates 6b and 7b
shown in Fig. 4C and Fig. 6A. A chip-mounted multi-
layer substrate of the present invention is obtained
using this multi-layer substrate 8 and the semiconductor
device 43 embedded inside the multi-layer substrate 8.
[0104] Reference numeral 9 in Fig. 6C represents a
multi-layer substrate having a third single layer sub-
strate 3' provided with through holes.

[0105] This multi-layer substrate 9 is formed by lam-
inating a fourth single layer substrate 4, a plurality of first
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single layer substrates 1 and the third single layer sub-
strate 3' in that order. A resin film constituting a protec-
tive film is formed on the surface of the third single layer
substrate 3'.

[0106] Through holes of the third single layer sub-
strate 3' are arranged at the same positions as the
through holes 35a of the first single layer substrates 1,
and semiconductor device 41 is contained inside a
housing section 56 formed by these through holes in an
electrically and mechanically connected state.

[0107] A rear surface of the semiconductor device
41 is exposed on a surface of the multi-layer substrate
9. Also, the rear surface of the semiconductor device 41
and the surface of the multi-layer substrate 9 have
approximately same hight, and substantially flush. With
the chip-mounted multi-layer substrate 63 comprising
this multi-layer substrate 9 and the semiconductor
device 41, the rear surface of the semiconductor device
41 is exposed, which means that heat dissipation is
excellent.

[0108] Reference numeral 64 in Fig. 6D represents
a multi-layer substrate having a protective film 29
bonded on the above described multi-layer substrate
63. This multi-layer substrate 64 has its surface covered
by the protective film 29, which means that moisture
resistance etc. is excellent.

[0109] Next, the multi-layer substrate 65 shown in
Fig. 7 has a container side multi-layer substrate 10a
formed of a fourth single layer substrate 4, a plurality of
second single layer substrates 5, 2 laminated on the
fourth single layer substrate 4, a plurality of first single
layer substrates 1 further laminated on the second sin-
gle layer substrates, and a third single layer substrate
constituting an uppermost layer.

[0110] A second single layer substrate 5 adjacent to
a second single layer substrate 2 on which a semicon-
ductor device 47 is mounted has a shield section 28
formed from a wiring film 15 having a comparatively
large surface area, as shown in Fig. 8. Here, the second
single layer substrate 5 having the shield section 28 is
connected to the fourth single layer substrate 4.

[0111] This multi-layer substrate 65 is formed of the
multi-layer substrate 10a constituting a container and
the multi-layer substrate 6b constituting a cover. The
container side multi-layer substrate 10a has laminated
first single layer substrates 1, and a housing section 57
is formed by the through holes 35a in each of the first
single layer substrates. The cover side multi-layer sub-
strate 6b is then placed on the housing section 57 with
the semiconductor device 47 being contained inside the
housing section 57, and the housing section 57 is made
airtight. This semiconductor device 47 is a chip-
mounted semiconductor integrated circuit.

[0112] The shield section 28 is formed at the same
time as the wiring film 15 when a narrow wiring film 15
is formed by patterning a metallic foil 11, and has either
substantially the same surface area as the bottom of the
housing section 57 or a larger surface area than the bot-
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tom of the housing section 57. Accordingly, the shield
section 28 has a larger surface area than the semicon-
ductor device 47. This shield section 28 is arranged par-
allel to the bottom, so as to cover the bottom of the
housing section 57.

[0113] The semiconductor device 47 is housed
inside the housing section 57. A circuit made up of
microscopic electrical elements are formed on a surface
49 of the semiconductor device 47. Bonding pads 42
are provided on the surface 49 using a metallic wiring
film for connecting among the microscopic electrical
elements, and mechanically connected to the second
single layer substrate 2 of the container side multi-layer
substrate 10a using an adhesive film positioned on the
bottom of the housing section 57. Also, Electrical cir-
cuits in side the semiconductor device 47 and the wiring
film 15 are electrically connected using bumps 16a of
the second single layer substrate 2 contacting the bond-
ing pads 42. In this state the cover side multi-layer sub-
strate 6b is electrically and mechanically connected to
the container side multi-layer substrate 10a.

[0114] Accordingly, with the semiconductor device
47 buried inside the housing section 57, the circuit for-
mation surface 49 of the semiconductor device 47 faces
the shield section 28 and is covered by the shield sec-
tion 28.

[0115] Generally, with a semiconductor integrated
circuit, a metallic film 48 is formed on a rear surface side
opposite to a surface where the bonding pads 42 are
formed, and this metallic film 48 is connected to a
ground potential.

[0116] Accordingly, when the wiring film 15 con-
nected to the shield section 28 is connected to the
ground potential, electromagnetic noise that would nor-
mally infiltrate into the semiconductor device 47 from
outside the multi-layer substrate 65 is absorbed by the
shield section 28 and the rear surface side metallic film
48 and therefore does not penetrate into the semicon-
ductor device 47.

[0117] Although in Fig. 7, the shield section 28 is
arranged on the circuit formation surface 49 side of the
semiconductor device 47, it is more effective to arrange
the shield sections1 28 on both side of the semiconduc-
tor device 47.

[0118] In this way, the multi-layer substrate 65 of
Fig. 7 is comprised of the multi-layer substrate 10 hav-
ing the shield section 28 and the semiconductor device
47 buried inside the multi-layer substrate 10, which has
strong noise resistance.

[0119] In the above description, a solder coating is
provided on the bump surfaces, and the bumps and the
wiring films connected by melting the solder, but it is
also possible to electrically connect by bringing the
bumps and the wiring films into contact with each other.
In this case, it is possible to form a gold coating on the
bumps instead of a solder coating.

[0120] When a gold coating is provided, it is possi-
ble to apply ultrasonic waves to make the bumps and
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the wiring film adhered, and to electrically and mechan-
ically connect the bumps and the wiring films.

[0121] Also, the above description has centered
around an example where an example of the circuit ele-
ment is a semiconductor integrated circuit, but the
present invention is not thus limited to an integrated cir-
cuit and can also apply to discrete transistor compo-
nents or diode elements. Also, in the present invention,
electrical element that can be housed in the housing
section are not limited to a semiconductor device, and
can include electrical elements other than semiconduc-
tor devices such as capacitors, inductive elements, and
resistive elements. The semiconductor device is not lim-
ited to a chip-mounted device, and it is also possible to
house a component that can be housed in a resin or
ceramics package in the housing section.

[0122] In the case of housing a chip-mounted sem-
iconductor element in the housing section, metallic wir-
ing films or bumps of the semiconductor element, and
bumps or bonding lands on the bottom of the housing
section are preferable connected.

[0123] Electrical elements that can be received
inside a package preferable have leads drawn out from
the package connected to bumps or bonding lands on
the bottom of the housing section.

[0124] According to the present invention, the thick-
ness of a multi-layer substrate is not increased, even if
a semiconductor device is mounted, and because of the
shield section, noise does not penetrate inside the
device.

Claims

1. A multi-layer substrate with a housing section
formed therein, the multi-layer substrate comprising
a plurality of first single layer substrates having a
first resin film, a first wiring film arranged on said
first resin film, and through holes passing through
from a front surface to a rear surface, wherein at
least two of said first single-layer substrates are
electrically connected together by said first wiring
film, and said through holes are arranged so as to
be aligned.

2. The multi-layer substrate of claim 1, wherein said
opening area of said housing sections is 1 mm? or
more.

3. The multi-layer substrate of claim 1, wherein

said first single layer substrates comprise first
bumps connected to said first wiring film, and
first connection holes, formed in said first resin
film, said first wiring film being located on a bot-
tom surface of said first connection holes,

two adjacent first single layer substrates are
connected through said first bumps of one of
said first single layer substrates, and positions
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of said first wiring film at bottoms of said first
connection holes of the other first single layer
substrate.

The multi-layer substrate of claim 3, wherein said
first single layer substrates has a first adhesive
layer, arranged on said first wiring film, exhibiting
adhesiveness upon application of heat, and tips of
said first bumps project from a surface of said first
adhesive film, first single layer substrates being
stuck together by adhesive force of said first adhe-
sive layer.

The multi-layer substrate of claim 1, further com-
prising a second resin film and a second wiring film
arranged on said second resin film, a second single
layer substrate not having through holes being lam-
inated at least at positioned where said housing
section is formed, and said second single layer sub-
strate being located on bottoms of said housing
section.

The multi-layer substrate of claim 5, wherein at
least part of said second wiring film of said second
single layer substrate and said first wiring film of
said first single layer substrate adjacent to said sec-
ond single layer substrate are electrically con-
nected together.

The multi-layer substrate of claim 3, further com-
prising a second resin film and a second wiring film
arranged on said second resin film, a second single
layer substrate not having through holes being lam-
inated at least at positions where said housing sec-
tion is formed, and said second single layer
substrate being located on a bottom surface of said
housing section.

The multi-layer substrate of claim 7, wherein said
second single layer substrate has second bumps
connected to said second wiring film, and said sec-
ond bumps are connected to said first wiring film
located in bottom sections of said first connection
holes of said first single layer substrate adjacent to
said second single layer substrate.

The multi-layer substrate of claim 8, wherein said
second bumps are arranged on said bottom surface
of said housing section.

The multi-layer substrate of claim 7, wherein said
second single layer substrate has second connec-
tion holes, formed on said second resin film, said
second wiring film being located on a bottom sur-
face of said second connection holes, and first
bumps of said first single layer substrate adjacent to
said second single layer substrate are connected to
positions of said second wiring film at the bottoms
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of said second connection holes.

A multi-layer substrate of claim 4, further compris-
ing a second resin film and a second wiring film
arranged on said second resin film, a second single
layer substrate not having through holes being lam-
inated at least at positions where said housing sec-
tion is formed, and said second single layer
substrate being located on a bottom surface of said
housing section, wherein

said second single layer substrate comprises
second bumps connected to said second wir-
ing film, and a second adhesive layer arranged
on said second wiring film and exhibiting adhe-
siveness upon application of heat, tips of said
second bumps projecting from the surface of
said second adhesive layer,

said second bumps being connected to said
first wiring film positioned in bottom sections of
said first connection holes of said first single
layer substrate adjacent to said second single
layer substrate, and

said first single layer substrate and said second
single layer substrate are stuck together using
adhesive force of said second adhesive layer.

The multi-layer substrate of claim 11, wherein said
second bumps are arranged on a bottom surface of
said housing section.

The multi-layer substrate of claim 11, wherein
bonding pads are formed on said second adhesive
layer of said second single layer substrate using
openings, said bonding pads are arranged on a bot-
tom surface of said housing section.

A multi-layer substrate of claim 4, further compris-
ing a second resin film and a second wiring film
arranged on said second resin film, a second single
layer substrate not having through holes being lam-
inated at least at positions where said housing sec-
tion is formed, and said second single layer
substrate being located on a bottom surface of said
housing section, wherein

said second single layer substrate is formed on
said second resin film, and has second con-
nection holes, said second wiring film being
located on bottoms of said second connection
holes,

said first bumps of said first single layer sub-
strate adjacent to said second single layer sub-
strate are connected to positions of said
second wiring film at the bottoms of said sec-
ond connection holes, and

said first single layer substrate and said second
single layer substrate are stuck together by the
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adhesive force of said first adhesive layer.

The multi-layer substrate of claim 1, wherein an
electrical element is arranged inside said housing
section, and at least part of said first wiring film is
electrically connected to said electrical element.

The multi-layer substrate of claim 12, wherein an
electrical element is arranged inside said housing
section, and said second bumps of the bottom sur-
face of said housing section are electrically con-
nected to said electrical element.

The multi-layer substrate of claim 12, wherein a
semiconductor in chip form is arranged inside said
housing section, and a metallic wiring film of said
semiconductor device is connected to said second
bumps of the bottom surface of said housing sec-
tion.

The multi-layer substrate of claim 17, wherein said
housing section is covered by a covering single
layer substrate having at least a resin film.

The multi-layer substrate of claim 18, wherein a wir-
ing film is provided on said resin film of said cover-
ing single layer substrate.

The multi-layer substrate of claim 18, wherein a wir-
ing film having a larger surface area than said sem-
iconductor device is arranged at positions where
said housing section inside said multi-layer sub-
strate is likely to be elongated in a laminating direc-
tion.

The multi-layer substrate of claim 13, wherein an
electrical element is arranged inside said housing
section, and said bonding pads of the bottom sur-
face of said housing section are electrically con-
nected to said electrical element.

The multi-layer substrate of claim 13, wherein a
semiconductor In chip form is arranged inside said
housing section, and bumps of said semiconductor
device are connected to said bonding pads of the
bottom surface of said housing section.

The multi-layer substrate of claim 22, wherein said
housing section is covered by a covering single
layer substrate having at least a resin film.

The multi-layer substrate of claim 23, wherein a wir-
ing film is provided on said resin film of said cover-
ing single layer substrate.

The multi-layer substrate of claim 23, wherein a wir-
ing film having a larger surface area than said sem-
iconductor device is arranged at positions where

20

25

30

35

40

45

50

55

11

said housing section inside said multi-layer sub-
strate is likely to be elongated in a laminating direc-
tion.
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