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WIRING SUBSTRATE, FILM CARRIER, SEMICONDUCTOR DEVICE
MADE BY USING THE FILM CARRIER, AND
MOUNTING STRUCTURE COMPRISING
THE SEMICONDUCTOR DEVICE

— -

FIELD OF THE INVENTION
The present invention relate_sl to a wiring substrate,
as well as a film carrier, and more particularly to a semi-
conductor device made by using the film carrier, as well as a
mounting structure comprising the semiconductor device.

BACKGROUND OF THE INVENTION

A conventional method foxr mountiné a sémiconductor
element on a substrate for a circuit by means of wireless
bonding includes a methéd in which a conductive bump is formed
on an electrode si:rface of the semiconductor element, and then

the bump is bonded to a bénding pad formed on the substrate;

- and a method .in which a conductive bump is formed on a bonding
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. fhét the semiconductor element will be contaminated and
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pad of the substrate, and then the bump is bonded to an
electrode surface of the semiconductor element. Such methods
are disclosed in JP-A-50-10476 and JP-A-50-160774 (The term

"JP-A" as used hereJ.n means an "unexamined published Japanese

'patent application).

However, ,the former method is poor in production
efficiency because it is necCessary to form the bump on the.

electrode surface of the semiconductor element in advance, so

.-.-;;;-'J'..njured. In addition, both methods require that alignment

L
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as|wel |- as a~filmcarrier, and nore particularly to a sem - conductor
deji ce made by using the filmcarrier, as well as a nounting structure
cormrising t he sem conduct or devi ce. BACKGROUND OF THE

| NVENTI ON A conventional nethod for nounting a sem conduct or

el gnent on a substrate for a circuit by means of wireless bonding includes
a nethod in which a conductive bunp is fornmed on an el ectrode surface of
the senmiconductor elenent, and then the bunp is bonded to bonding pad
forrred on the substrate; and a nethod in which a conductive bunp is forned

on a bonding pad of the substrate, and then the bunp is bonded to an
; accuracy be higher in the bonding step of the semiconductoxr

element.
Recently, with the development of the electronic
equipments which are thinned and-miniaturized, there has been
5 a growing demand for thinning the wiring substrate. In orxder
to form such a pagkage, there is adopted a TAB (i.e., tape .
automated bonding) method in which a film carrier is used.
Q There have been known a variety of inner lead bonding
methods in which a semiconductor element is bonded to.é finger~
10 like lead. Among these inner iead bonding methods, there has
been proposed a method in which a bump (i.e., a protruded
electrode) is formed on the electrode suxrface of a
semiconductor eleﬁent, and a lead provided on a film carrier is
boﬁded to the Semicondgctor element by way of the bump.
15 However, the method using the bump provided on the

electrode surface requires complex processes comprising forming

on an electrode a contact layer made of metals such as'titanium
or chromium and a barrier layer made of metals such as copper,
platinum, or palladium which prevents the bump metal from being
diffused, wusing sputter etching or evaporation, etc.,
respectively, followed by forming a bump using, e.g., plating
with gold. In addition, the . method is difficult to get rid of
contamination or damage of a semiconductor device. |

Also; there has been proposed a method in which a

bump is bonded to a lead provided on a film carrier, however,
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ﬂrbde surface of the sem conductor elenent. Such nethods are disclosed

JP—A—50 10476 and JP-A-50-160774 (The term "JP-A" as used herein neans

N "unexam ned published Japanese patent application). However,
he former method is poor in production efficiency because it is necessary

o formthe bunp on the electrode surface of the sem conductor elenment in
dvance, so that the sem conductor elenent will be contam nated and

Bnjured. In addition, both nmethods require that alignment

his is the replacenent sheet

it requires complex processes for forming the bump in the same
as the above method.

Recently a bumpless film carrier having an

anisotropic conductive film has been proposed as shown in
5 JP-A-63-4633. Such an anisotropic conductive film is
produced by a method in which conductive'pafticles'such as
carbon black, graphite, ﬁickel, copper, silver, etc. are
.dispersed in an insulating. resin film and the conductive
*- particles are made to be oriented in the dir_ectioh of the
10 thickness of the film. A complex manufacturing method is
necessary to obtain a homogeneous anisotropic conductive film.
Also, when the orientation of the conductive particles is
insufficient, inner lead bonding is insufficiently conducted so
that the reliability for connecting may be léwered.

15 On the othér hand, when the semiconductor device

obtained by-éénducting the .inner lead bonding is connected to
an outer substrafe such as a package substrate or a case using
aﬁ outer lead bonding method, there are problems similar to
those described above.

Namely, when a semiconductor device is mounted on an
outer subsfrate by means of an outer lead bonding method, there
is used a linear connecting lead made of conductive metals such
as copper formed on a film carrier constituting the
semiconductor device, and the connecting lead is.connected to

"a metal wiring (i.e., a land portion).
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..-- accuracy be higher in the bonding step of the sem conductor
ment .
i prents which are thinned and mniaturized, there has been

Recently, with the devel opnent of the electronic

However, such a mounting method requires that cutting
or bending is conducted with respect to a connecting lead, so
that operating efficiency is poor and.connection is not easy.
Since the connecting lead is made- to be protrudeci from the film
carrier, it is poor in mechanical strength as well as operating
efficiency. Thermal connecting methods such as a reflow
soldering method are adopted for connecting the lead to the
land portion. For example, when a semiconductor device is
mounted on a transparént electrode made of metal oxides such as
a liquid crystal panel, it is necessary tb metalize the upper
surface of the transparent electrode in advance sé that
soldering can be carried out.

Recently, there have been proposed methods in which
a film carrier is connected to an outer substrate using an
anisotropic conductive film or paint as shown in JP-A-63-34936.
However, sucﬁ meﬁhods require ﬁigh alignment accuracy and lead
to high costs.

| SUMMARY OF THE INVENTION

The present invention is intended to overcome the
above noted problems inherent in the prior art.

An object of the present invention is therefore to
provide a technique for a wiring substrate, specifically a
wiring substrate andla film carrier, and a semiconductor device

made by using the film carrier, and a mounting structure

provided with the semiconductor device, wherein a bump can be
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il #8iand for thinning the wiring substrate. In order to form such

kagesthere is adopted a TAB (i.e., tape automated bonding) nethod in

@ch a filmcarrier is used. There have been known a variety of

er | ead bonding nethods in which a sem conductor elenent i.s bonded- to a

iger- |ike lead. Among these inner |ead bonding nmethods, there has been

Bposed a method in which a bunp (i.e., a protruded electrode) is fornmed

8t he el ectrode surface of a sem conductor elenent, and a | ead provided

ffa filmcarrier is bonded to the sem conductor elenent by way of the

0. féfmed at high Precision and at a low cost, and the

: miniaturization of such products can be easily achieved.
The above and other objects of the present invention
Qill pe more apparent from the fgilowing descriéfion.

5 N The present inventors have attempted to overcome_the
abo;e problems and have consegquently found that whep an
insulating support, preferably an insulating film, comprising

¥ minute through-holes penetrating through the upper and lower

K- surfaces of the film and a bump-like metal prot;usionfwhich is

10 formed in the through-holes and is protruded'from"oﬁe surface

of the film is used, a wiring substrate as well as a film
carrier which can attain the above-noted objects can be
obtained. Also, a semiconductor device made by using the film
carrier,. and a mounting structure provided with the

15 .semiconductor device can be obtained so as to attain the above-

noted objectg.

;1 According to one aspect of the present invention,

| therxe is'provided a wiring substrate comprising:

| a conductor pattern which has a bonding pad and is

i'20 formed on the rear surface of an insulating support;
at least one of minute through-holes which are
provided in a region of the insulating .support where the
bonding pad is in contact therewith, oxr which are provided in

a region of the insulating support where the bonding pad is in

5’25 cbntact therewith and the vicinity of the region, the through-~
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wever, the nethod using the bunp provided on the electrode surface
equi res conpl ex processes conprising formng on an electrode a contact

-ayer made of netals such as titanium or chromumand a barrier |ayer nade

f metals such as copper, platinum or palladiumwhich prevents the bunp

tal frombeing diffused, using sputter etching or evaporation, etc.,
espectively, followed by form ng a bunp using, e.g., plating wth gold.

n addition, the method is difficult to get rid of contam nation or danage

f a sem conduct or devi ce. Al so, there has been proposed a

thod in which a bunp is bonded to a | ead provided on a filmcarrier,

owever , holes running in the direction of the thickness of the
insulating support;

a conductive passage which is made of a metal

material ‘and which is formed in the through-holes that are

5 provided in a region of the insulating support where the

bonding pad is in contact therewith; and
a bump-like metal protrusion which is formed on the

R conductive passage and which -is protruded from the front

‘ surface of the insulating support. -

10 According to another aspect of the present inventi'on,
there is provided a method for manufacturing a wiring substrate
comprising:

(a) forming a conductor pattern having a bonding pad
on at least one surface of an insulating support;.

15 (b) forming, in a region of the insulating support
where the borfding pad is in contact therewith, or in a region
of the insulating support where the bonding pad is in contact

c therewith and the vicinity of the region, at least one of
minute through-holes being apart from each other with a

20 distance smaller than the width of the bonding pad and running
in the direction of the't_hickn_ess of the insulating suppoft;
and -

(c) conducting electroplating using the conductor

pattern as an electrode after masking the surface of the

25 insulating support on which the conductor pattern is formed,

-
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-S%J'q_it requires conplex processes for formng the bunp in the sane as
t he:Jabove met hod. Recently a bunpless film.carrier having
an [ani sotropic conductive filmhas been proposed as shown in

thereby depositing and growing a metal material in the
through-holes that are formed in a region of the insulating
support where the bonding pad is in contact therewith, so that
a conductive passage is formed in the through-holes, and
5 subsequently forming a bump-like metal protrusion on the
conductive passage.
According to.still another aspect of the present
invention, there is provided a film carrier comprising:
*- - an insulatiﬁg film having a lead on one; surface
10 thereof;
at least one of minute through—holeé" which are
provided in a region of the insulating f£ilm where the lead is
in contact therewith, or which are provided in a region of the
insulating film where the lead is in contact therewith and
15 which are providéd in the vicinity of that region, the through-
hoies running in the direction of the thickness of the
insulating film;
'! " a conductive passage which is made of a metal
| material which is formed in the through-hcles that are provided
20 in a region of the insulating film where the lead is in contact
therewith; and
a bump-like metal protrusion which is formed on the
conductive passage and which™ is protruded from the opposite
side of the surface of the insulating film on which the lead

25 is formed.
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633. Such an ani sotropic conductive filmis produced by a nmethod
conductive particles such as carbon bl ack, graphite, nickel,
r, silver, etc. are dispersed in an insulating resin filmand the
Hucti ve partlcles are made to be oriented in the direction of the
kness of the film A conpl ex manufacturing nethod is necessary to
ob®hi n a honogeneous ani sotropi c conductive film Al so, when the
orgentation of the conductive particles is insufficient, inner |ead
@i ng is insufficiently conducted so that the reliability for connecting

be | ower ed. Accordin@n tbe \ihenhandr Wagpetite 6€M epadustesentevi ce

invention, there is provided a semiconductor device made by
connecting a semiconductor element to the above film carrier.
According to further aspect of the present invention,
5 there is provided a mounting structure of a semiconductor
device comprising an outer substrate and the above
semiconductor device.obtained by connecting a semiconductor
element to a film carrier comprising an insulating film having
a lead on one surface thereof, the mounting ‘structure
10 comprising: |
at least one of mninute through—holég which are
provided in a bbnding region of the insulating film where a
land portion of the outer substrate is in contact therewith, or
which are provided in a bonding region of the insulating film
15 where a land portion of the outer substrate is in contact
therewith and the vicinity of the bonding region;
a metal material which is charged into the through-
hoies that are provided'in the bonding region; and
a bump-like metal protrusion formed on the metal
20 material- the lead being connected to the land portion through
the bump—llke protruSLOn.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs.l and 2 each are a cross sectional view showing

one embodiment of a wiring substrate according to the present

25 invention;
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5y conducting the inner |ead bonding is connected to an outer

such as a package substrate or a case using an outer |ead

Ub -Lng nmet hod, there are problens simlar to those described above.
Natt Bl y, when a sem conductor device is nmounted on an outer substrate by

mezghs of an outer |ead bonding nethod, there is used a |linear connecting

| el nmade of conductive netals such as copper formed on a filmcarrier
tituting the sem conductor device, and the connecting lead is

Aect ed to a nEtfailgéMfwr('J')g tlo €3(cH 200 RUHRPic views embodying
manufacturing steps to obtain one embodiment of a wiring

- gubstrate of the present invention;

Fig.4 is a cross sectional view showing another

embod:.ment of a wiring substrate according to the present

g5 =
E,_* invention;
3 o Fig.5 1s a cross sectional view showing one
f embodiment of a semiconductor device manufactured by using a
b félim carrier according to the present invention; :

10 - Figs.6(a) to 6(e) are views showing .a sequence of

e

... process steps to manufacture a semiconductor devite according

to the present invention;

.

P U

Fig.7 is a view similar to that of Fig.6(d);

2 o Fig.8 is a sectional view showing one embodiment of

fisalia mounting structure accordlng to the present invention;

o
R

Figs.9(a) and S(b) are respectively partially
-2seé£ional Views,of an insulating film according to the présent
inventién; |

Fig.l0 is a sectional view showing a state in which
a éemlconductor device is mounted on a land portlon by way of

w-.’,-

:the bump-llke metal protruSLOn shown in Fig.9(a);
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A “However, such a mounti'ng nethod requires that cutting or
endlng I s conducted Mﬁth respect to a connecting |lead, so that operating
fficiency is poor and connection is not easy. Since t he connecting | ead
s made to be protruded fromthe film carrier, it is poor in mechanica
trength as well as operating

‘ Figs.1l3(a) and 13(b) are respectively partially

sectional views showing in a magnified fashion a method for
obtaining the mounting structure shown in Fig.12;

Fig.l4 is a sectional™ view showing still another
embodiment of a mounting structure according to the present
invention; ’

Fig.l15(a), Fig.l1l5(b), Fig.l6(a), and Fig.1l6(b) are
respective;y'enlarged sectional views showing a method in which

the film carrier shown in Fig.14 is connected to the land

portion of an outer substrate; and
Figs.l7(a) to Fig.20(b) are sectional views showing
a connecting lead having openings or recesses.

DETAILED DESCRIPTION OF THE INVENTION

The present.;nvention can be more fully understood
from the following detaiied description when taken in
conjunction with the accompanying drawings.

Figs.i and 2 each are a cross sectional view showing
one embodiment of a wiring substrate according to the presenf
invention. 'In Fig.l, a bump-like metal protrusion (i.e., a
bump) 6 is formed in a through-hole 4 into which metal material
5 is packed. In Fig.2, a bump 6 is formed so that a plurality
of through-holes 4 packed with metal material 5 can be clogged
simultaneously:

Each of the above drawings shows a wiring substrate

in which a semiconductor element 1 is mounted thereon and is
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f‘lClency Ther mal connecting nethods such as a reflow soldering
megghod are adopted for connecting the lead to the land portion. For
gnpl e, when a sem conductor device is nounted on a transparent electrode
made of metal oxides such as a liquid crystal panel, it is necessary to
pfal i ze the upper surface of the transparent el ectrode in advance so that
dering can be carried out. Recently, there have been proposed
4 hods in which a filmcarrier is connected to an outer substrate using

ani soaRbecaNSHELLYS, fLh O RRLAL 2R 30eYR EBndBefifd :Whrode

to be formed on a conﬂecting surface of the semiconductor

element 1 is omitted from the illustration.
In Fig.l, a materia;__constituting an insulating
5 support 2 is not restricted to particular one if it has
insulating property, and can be used irrespectivg of
thermosetting resins or theimoplastic resins. Examples qf such
a material include polyester resins, epoxy resins, urethane
resins, polystyrene resins, polyethylene resins, .bblyamide
10 resins, polyimide resins, ABS'resins, polycarbonate resins, and
silicone resins.

A conductor pattern comprising a bonding pad 3 is
made of metals such as gold, silver, copper, iron, nickel or
cobalt; dr'allgys containing these metals as a major component.

15 Thé conductor patfern can be formed on the insulating support
2 by the following mgthods. That is, (1) the conductor pattern
may be formed on the insulatihg support by various evapoiation
methods, various plaing methods, etc.; (2) using a laminate of
the insulating support and a metal layer, a part of the metal

20 layer is removed by sputtering to form a conductor pattern on
the insulatiné support; and (3) a solution of a material for
the insulating support tsuch as a polyimide solution) is coated
on a metal layer for a conductor pattern. The method (3) can

also be used for producing the laminate used in the method (2).
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‘_Such met hods require high alignment accuracy and |ead to high

_ SUMVARY OF THE | NVENTI ON The present
ention is intended to overcone the above noted problens inherent in the
of art. An object of the present invention is therefore to

Vi de a technique for a wiring substrate, specifically a wring
sastrate and a filmcarrier, and a sem conductor device nade by using the
mcarrier, and a nmounting structure provided with the sem conductor

| ce, wherein a'PYSP-g?Q)tK%O 3(c) are schematic views embodying
manufacturing steps to obtain the wiring substrate of the
present invention.

Fig.3(a) shows that the_conductor pattern comprising

5 the_bonding pad 3 is formed on one surface of the insulating
support 2.

Fig.3(b) shows that in a region of the insulating
support 2 where the bonding pad 3 is connected thereto and in
the vicinity of that region, there are formed at leeet one of

10 minute through-holes 4 which are apart from each other with a
distance smaller than the width of the bondiné pad;'and run in
the direction of the thickness of the insulating support.

The through-holes 4 can be formed by means of
machining, laser, 1ight, chemical etching, etc. It is

15 preferred that the size of the through-holes 4 is made as large
as possible to such an extent that the adjacent through- holes

4 are not connected to each other in order to decrease an

electric resistance of a metal material to be deposited in the

through-holes of the following step.
20 The though-holes 4 may be provided only in a region
of the insulating support 2 where the bonding pad 3.is in

contact therewith, but they may be provided in both the region

of the insulating support 2 where the bonding pad 3 is in

pPo———

contact therewith and the vicinity of that region.
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‘at high precision and at a |ow cost, and the niniaturization-of
‘é +products can be easily achieved. The above and ot her objects
‘the present invention

Fig.3(c) shows that the surface of the perforated
insulating support 2 on which the conductor pattern is formed
(i.e.r the lower surface of the insulating support) is masked,
and then electroplating is carried out by using the conductor

pattern including the bonding pad 3 as an electrode, thereby

5
depositing the metal material 5 in the through-holes 4 which is
in contact with the bonding pad 3, féllowed by forming on the
metal material 5 a bﬁmp-like metal protrusion 6 protruded from
- the upper surface of the insulating support 2. ’
1 10 In addition, the step shown in Fig.3(c) may be

carried out as follows. Namely, charging the meta;“material 5

is stopped when the thickness of the metal material becomes a

predetermined value (generally from about 8 to 50 um but

depending on the thickness of the insulating support), while

15 the insulating support 2 is kept.maskea, the insulating support

is immersed in'a_solder bath; Ehereby charging tﬁe solder into

the through-ﬁbles'4 which is partly filled with the metal

material, followéd by forming the bump-like metal protrusion by

electroplating or applying ultrasonic vibration in a soldex

?‘20 -bath, for exaﬁple. Also, soldex ma§ be applied to
electroplating.

The metal material charged in the through-holes 4 and

the bump-like metal protrusion_are formed into é multi-~layered

structure of a plurality of metal materials. For example, as

§ 25 shown in Fig.4, the first layer which is formed in the through-
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apparent fromthe follow ng description. - The pr esent
T ve attenpted to overcone the above problens and have
aEcnt |y found that when an insulating support, preferably an
i ng film conprising mnute through-holes penetrating through the
a2 nd | oner surfaces of the filmand a bunp-like nmetal protrusion
SR s formed in the through-holes and is protruded from one surface
S filmis used, a wiring substrate as well as a film carrier which

B o n (he abave 08t ed GBLESLE 8En e P i3Rfl pafl 30cad BRThEGACYE! OF

mad®® by usi ng the film carrier, and a no I'ng structure provi
he a cheap metal material 5a such as copper, and the third layer

which is in contact with the semiconducfor element 1 can be
made of a metal material 5c~ such as gold having high
reliability for connection, and the Qecond layer interposed
petween the first layer and the third layer can be made of a
metal material 5b such as nickel acting as a barrier which
prevents reaction between the metal materials 5a and Sbl '

The manufacturing steps for the wiring ;ubstraté
shown in Figs.3(a) to 3(c) will be illustrated with reference
to the following embodiments.

A conductor pattern consisting of copper layer of 35
pum thick was formed on one surface of a polyimide support of
20 pm thick. -The width of a. bonding pad included in the
conductor pattexrn waé 90 pm.

Excimer laser beam was irradiated on the surface
other than that_;f the supbort on which the conductor pattern
was forﬁed through a shielding screen made of nickel having
minute holes of 25 pm in diameter and of 45 um in hole "
intervals, thereby forming through-holes reaching the conductor
pattern. At this time, the region of the shielding screen in
which the minute holes.was formed was confined to the fegion of
the support where the bonding pad was in contact therewith and

confined to the vicinity of that support region so that the

through-holes were formed as shown in Fig;3(b).

—~ 14 ~ - This Sheet Has Been Replaced -




i conduct or device can be obtained so as to attain the above- noted

S

objgect s. According to one aspect of the present invention, there
| SEprovided a wiring substrate conpri sing: a conductor pattern
whgch has a bonding pad and is forned on the rear surface of an insulating

su@port; at | east one of m nute through-holes which are provided
i nfa region of the insulating support where the bonding pad is in contact
th@grewi th, or which are provided in a region of the insulating support

whgre the bonding Bﬁe :eraglatlon with excimer laser beam was conducted
undex the conditions of a wave length of 248 nm, a pulse energy
of 250 mJ, a repetition rate of 100 Hz, and an ablation rate of
0.1 to 0.5 ym per oné shot. _

5 ) The surface of the conductor pattern was masked with
a mas]'cing tape and electroplating with copper was carried out
.using the conductor pattern as an electrode, thereby depositing
a copper layer in the through-holes. Finally, electroplating

* with gold was carrxied out to form the bump-like gold p;:otrusion

10 protruded from the support, thereby obtaining the wiring

substrate accorxding to the present invéntion.‘ |

It has turned out that when the wiring substrate thus
obtained was electroplated, the metal layer was grown to form.
the bump-like protrusion which clogs the through-holes formed

15 in a region of the suppbrt where the bonding pad was in contact

therewith as .shown in Fig.2.

In the same manner as the above embodiment, when

copper w‘as charged into the through-hole, charging the copper
was stopped when the copper layer reached the surface of the
insulating support, and the support was then immersed in a
solder bath, applying ultrasonic vibration thereto to form the
bump-like metal protrusibn as shown in Fig.4, thereby obtaining
the wiring substrate according to the present invention.
Bonding was carried out to connect a semiconductor

element to the wiring substrate thus obtained, thereby
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contact therewith and the vici nity of the region, the through-

This is the replacenent sheet : _ - 6-

hol es running in the direction of the thickness of the

—

10

20

25

15

obtaining a semiconductor device excellent in electrical and
mechanical connections.

In the present invention, it is preferred that an
insulating support is used in a shape of an insulating film in
ordexr that the wiring substrate be made thinner so as to apply
to the TAB method as packaging of semiconductor devices.
Namely, a flexible film carrier can be used as a wiring
substrate on which a semiconductor element is mounted. The
present invention can advantageously be applied to such a
flexible film carrier and semiconductor device.

Fig.5 is a cross sectional view “éhowing one
embodiment of a semiconductor device manufactured by using a
film carrier according to the present invention.

As shown in Fig.5, in the same manner as Fig.l, a
plurality of through-holes 4 are formed in a region of a
insulating film 2’ where a lead 3’ is in contact therewith as
well as in the vicinity of the region. Only the through-holes
4 that are formed in a region of the insulating f£ilm where the
lJead 3’ is in contact therewith are filled with a metal
material 5, and a bump-like metal protrusion 6 is provided
thereon.

‘The bump-like metal protrusion 6 is connected to an
outer connecéing electrode 3 such as -an aluminum electrode
formed on one surface of the semiconductor element 1, thereby

obtaining a semiconductor device.

e
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" conductive passage which is made of a netal nmaterial and which is forned
in the through-holes that are provided in a region of the |nsulat|ng
support where the bonding pad is in contact therewith; and a
bunp-1ike nmetal protrusion which is forned on the conduct i ve passage and
which is protruded fromthe front surface of the insulating support.
According to anot her aspect of the present invention, there is provided a
nmet hod for manufacturing a wiring substrate conprising:

In Fig.5, material constituting insulating film 2°,
as in the case of the insuiating support 2, is not restricted
to éarticular one if it has insulating pxoperty, and can be
used irrespective of thermoseﬁting  resins or thermoplastic

S5 ‘resins. Examples of such material include polyestexr resins,
epoxy resins, urethane resins, polystyrene resins, polyethylene
resins, polyamide resins, 'polyimide resins, ABS resins,
polycarbonate resins, and silicone resins. Among these, a film
made of polyimide resins is particularly preferred froﬁ the

10 standpoints of heat-resistant.property'and.chhénical strength.

The lead 3° to be provided on one-s&rface of the
insulating film 2’ is made of a insulating material including
metals such as gold, éilver,- copper, nickel or cobalt; or
alloys containing these metals as a m;jor component énd is

15 electrically connected to the semiconductor element 1. The

lead 3’ is &also formed into a desired linear pattern so that

the semiconductor element 1 can function properly.
‘L | The through-holes 4 to be formed in the insulating
‘ fllm 2’ are important in ordexr to connect the lead 3’ to the
20 outer connecting electrode 7. Therefore, in a region of the

insulating film 2‘ where the lead 3’ is connected thereto and

"in the vicinity of that region, there are formed at least one
of minute through-holes 4 which are apart from each other with
a distance smaller than the width of the lead 3’ and which run

in the direction of the thickness of the insulating film 2°‘.

I
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(a) form ng a conductor pattern having a bonding pad on at |east one
surface of an insulating support; (b) formng, in a region of

t he insulating support where the bonding pad is in contact therewith, or
in a‘region of the insulating support where the bonding pad is in contact
therewith and the vicinity of the region, at |east one of mnute

hr ough- hol es bei ng apart fromeach other wwth a distance snmaller than the
M dt h of the bonding pad and running in the direction of the thickness of
he insul ati ng support; and (c) conducting el ectroplating using
{t he conduct or

The through-holes 4 are formed by means of machining

processing, laser processing, light processing, chemical

‘etching, etc., so that a desired hole size and a desired

distance between holes can be ogiained. Irradiation with an
5 excimer laser beam is preferably used for -forming the
through-holes. It is preferred that in order to decrease an
electric resistance of a metal material to bé deposited in the
.ﬂi through-holes of the following step, .the size of the
i through-holes 4 is made as large as possible to such an extent
10 that the adjacent through-holes 4 are not connected to each
othex, and the distance between holes is made as small as
possible to increase the number of the through-holes 4 which

are in contact with the lead.
Among such through-holes 4 thus obtained,’ in the.
15 through-holes that are formed in a région of the iﬁsulating

film where the lead 3’ is in contact therewith, there is formed

a cpnductive passage by charging the metal material 5 therein.

?' A bump-like metal protrusion having a height of several

micrometers to tens of micrometers (for example, from about 0.5

20 to 100 pm, preferably from about 10 to 80 pum, but depending on

the intended use) is formed on the metal material 5, thereby
obtaining the.film carrier of the present invention.

The conductive passage made of the metal mé.terial 5

and the bump-like metal protrusion are formed only in the

U
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pattern as an el ectrode after masking the surface of the insulating
support on which the conductor pattern is forned,

-7- t hereby depositing and growing a netal material in the

t hrough-holes that are forned in a region of the insulating

through-holes that are in contact with the lead 3’ by
conducting electroplating using the lead 3’ as an electrode.
'J:‘he metal material charged in the through-holes 4 and
the bump-like metal protrusion, which are provided in_ the f£ilm
5 carrier of the present invention, may be formed into a
multi-layered structure as in Fig.4 made of a plurality of
metal materials as in .the case of the wiring substrate of the
present invention.
‘ The bump-—iike metal prof.rusion 6, which constitutes
10 the film caxrrier, is connected to an outer connecting electrode
7 formed on one surface of the semiconductor elemc-;fxt 1, thereby
obtaining the desired semiconductor device.
Figs.6(a) to 6(e) are views showing a sequence of
process steps to manufacture a semiconductoxr device in which
15 the semiconductor element 1 is connected to a film carrier made
by providing-a ‘thermal adhesiv.e resin layer 8 on a surface of
the ihsulating film 2" on which tfxe bump-like metal protrusion

s : is formed.

1 Fig.6(a) is a sectional view wherein the

20 through-holes 4 is provided in the insulating film 2’ with the

lead 3’ in the same manner as in Fig.3(b).

Fig.6(b) is a sectional view wherein in order to
change the through-holes contacting the 1lead 3’ into a
conductive passage, the through-holes is filled with the metal

material 5 on which the bump-like metal protrusion 6 is formed.
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support where the bonding pad is in contact therewith, so that a
conductive passage is fornmed in the through-holes, and subsequently
forming a bunp-like nmetal protrusion on the conductive passage.

According to still another aspect of the present invention, there is
provided a filmcarrier conprising: an insulating filmhaving a
| ead on one surface thereof; at | east one of mnute

t hrough- hol es which are provided in a region of the insulating filmwhere
the lead is

Fig.6(c) is a perspective view of Fig.6(b)

Fig.6(d) is a sectional view wherein the thermal
adhesive resin layer 8 is provided on the surface of the
insulating film so as to cover the bump-like metal protrusion

5 6.

Fig.6(e) is a sectional view -of a semiconductor
device which has the semiconductor element 1 connected thereto.

In Fig.6(d), the thermal adhesive resin layer 8

. covering the top of the bump-like metal protrusiop 6 is removed
due to its spreading when thermocompression bonding is carried
out as shown in Fig.6(e), sb that the bump-like metal
protrusion 6 is electrically connected to the outer connecting
electrode 7 formed on the semicondﬁctor element 1. At this
time, the thermal adhesive resin of the resin layer 8 is
introduced :‘;hto and filled with the through-holes that are not
charged with t}.1e m.e.tal material.

The thexrmal adh.esive resin layér 8 is not necessarily
provided on the insulating film in such a way as to covér the
bump-like metal protrﬁsion 6 as shown in Fig.é(d), instead, it
may be made thinner so that the upper portion of the bump-like
metal protrusion can be exposed.

The thermal adhesive xresin layer 8 used in the
present invention is extremely important in order to increase
the electrical, mechanical, and chemical reliability of the

semiconductor device. The material of the resin layer 8 can be

i
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in contact therewith, or which are provided in a region of the insulating
filmwhere the lead is in contact therewith and which are provided in the
vicinity of that region, the through- holes running in the direction of
the thickness of the insulating film a conductive passage which
is made of a netal material which is fornmed in the through-holes that are
provided in aregion of the insulating filmwhere the lead is in contact
therewith; and a bunp-like netal protrusion which is forned on
the conductive passage and which is protruded fromthe opposite

used irreéspective of thermosetting resins such as epoxy resins
or thermoplastic resins such as fluorine-contained resins.
Examples ©f such material include polyimide resins, epoxy
resins,silicone resins and fluorine-contained resins.

5 The thermal adhesive resin layer 8 can be formed by
coating with the resin material the entire surface of the

insulating film on which the bump-like metal protrusion is

provided or by coating with the resin material the insulating

£ilm 'su_rface so that the coated xesin material can form a

10 definite pttern. In addition, the resin lé}ye'r 8 may be formed

by puttinga £ilm-like ox a ribbon-like thermal.;dhesive resin
material onthe insulating £ilm.

Wen the semiconductor element 1 is connected to the

fiim ca;rrie: by way of j:he thermal adhesive resin 8, a layer o.f

15 thermal adhsive resin is formed between the film carrier and

“+the semivonictor element, and the through~holes are filled

with the akesive resin, with the result that adhesion

Properties ay P;lectrical connections increase. Since the

surface of th gemiconductor device is protected by the resin

20 layer, resin geal is effected simultaneocusly with the

electrical copection, leading to simplification-of process

steps. Furthy excess resins flow into the through-holes

which are not tharged with the metal material, thereby pushing

alr out from the through-holes. It follows that the film

2> carzrier does no crack, leading to high reliability.
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stdée of the surface of the insulating filmon which the lead is forned.
- 8- According to yet another aspect of the present invention,
there is provided a senmiconductor device nade by

In the present invention, the film carrier is
electrically connected to fhe semiconductor element 1 by way of
the outer connecting electrode 7 and the bump-like metal
protrusion 6, thereby obtaining™a semiconductor device. 1In

5 order td increase the reliability of the above electrical
connection, it is preferred that as shown in Fig.6 the thermal
adhesive resin layer 8 is interposed between the semiconductor
element 1 and the film carrier. In Fig.6(d), the thermal
adhesive resin layer 8 is provided on the film carrier.
However, the thermal adhesive resin layer 8 may:bg attached to
a silicon wafer of the semiconductor element to'which dicing is
applied or not applied, and then it may be adhered to the fiim
carrier, as shown in Fig.7.

After the thermal adhesive resin is melted by heat or
dissolved in a suitable solvent, it can be charged into the
through-holéé 4 which are notncharged with the metal material
5, followed b}}' drging it with heat to obtagi.ﬁ the thermal
adhesive resin layer 8. It follows that the surfacée of the
semiconductor element 1 on which the outer connecting electrode
7 is provided and a connecting region at which the semi-
conductor element connects to the film carrier are completely
covered and protected. i

In addition, when the thermal adhesive resin is
'charged into the through-holes using the above method, air

existing in a space in-which the resin layer is to be formed is

e
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connecting a sem conductor elenent to the above filmcarrier.

According to further aspect of the present invention, there. is provided a
nounting structure of a sem conductor device conprising an outer .:
substrate and the above seniconductor device obtained by connecting a
sem conductor elenent to a filmcarrier conprising an insulating film
having a lead on one surface thereof, the nounting structure
conpri si ng: at | east one of mnute through-holes which are
provided in a bonding region of the insulating filmwhere a

expelled from the space. As a result, voids are not formed in
the resin layer thus produced, so that reliability is much
increased.

The semiconductor devite produced by using the film
carrier according to the present invention is connected to the
land portion of an outer substrate by way of a connecting lead,
thus providing a mounting structure. This connection is
referred to .as an outer lead bonding.

Fig.8 is a sectional view showing such mounting
structure. .

In Fig.8, the semiconductor element 1 is mounted on
a film carrier comprising the insulating f£ilm 2’ which has the
connecting lead 3/ on one surface thereof. The insulating film
2’ has a bump-like metal protrusion (which is not. shown in
Fig.8 and which is 'provided at the lower surface of the
insulating film 2). Thé insulating film 2’ is connected to a
metal wiring iO (i.e., a land portion) on the outer substrate
9 by way of the bump-like metal protrusion.

Figs.9(a) and 9(b) are respectively partially
sectional views of the insulating film in which the metal
material 5 is charged into the through-holes 4 and a bump-like
metal protrusion is provideq_on the metal material. Fig.9(a)
shows that the bump- like metal protrusion is formed in each of
the through-holes 4 charged with the metal material 5.

Fig.9(b) shows that a plurality of through-holes 4 are
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I’and portion of the outer substrate is in contact therewith, or which are
provided in a bonding region of the insulating film where a | and portion
of the outer substrate is in contact therewith and the vicinity of the
bondi ng region; a netal material which is charged into the
through- holes that are provided in the bonding region; and a
bunp-1i ke netal protrusion formed on the netal material; the |ead being
connected to the land portion through the bunp-1ike protrusion.

BRI EF DESCRI PTI ON OF THE DRAW NGS Figs.1l and 2 each are a cross

S;eCtlonalco\ﬁneeVg:t?e@Wngh ‘other by way of the common bump-like metal

protrusion. Fig.1l0 shows that a semiconductor device is
mounted on the metal wiring 10 (i.e., a land portion) by way of
the bump-like metal protrusion shown in Fig.9(a).

5 In the mounting structure of the semiconductor device
according to the present invention, it is preferred that a
thermal adhesive resin layer is interposed between a

. semiconductor device and an outer substrate in order that
P a connecting region at which the semiconductor device connects
10 to the outer substrate can be completely shieldeﬁ from the open

air and connecting reliability can be increased. For example,

as shown in Fig.11, it is preferred that the thermal adhesive
resin layer 8 having a thickness of usually 5 to 50 um,
preferably 10 to 30 um .is provided on the surface of the
insulating film 2’ where the bump-like metal protrusion is
formed, theféby' producing a ‘semiconductor device, and the
semicond#ctor cievice thus obtained is connected to the land
portion of an c.outer substrate.' As shown in Fig.11l, the thermal
adhesive resin layer 8 interposed between the film carrier and
the outer substrate is formed in advance. However, the thermal
adhesive resin layer may be formed by using a method :I:n which
a thermal adhesive resin is charged between a film carrier and
an '?:uter substrate through minute through-holes which are not

filled with metal material.
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one enbodi nent of a wiring substrate according to the present invention;
-9- Figs.3(a) to 3(c) are schematic views enbodying
manuf acturing steps to obtain one enbodi ment of a wiring

Fig.l2 is a sectional view showing a mounting
structure comprising a semiconductor device obtained by using
such a method.

In Fig.12, the semicomductor element 1 is mounted on

5 the film carrie; comprising the insulating film 2’ having the
lead 3‘ on one surface thereof. The insulating film 2’ has a
bump-like metal protrusion (which is not shown in Fig.12 and
which is provided at the lower surface of the insulating film

- .

10 10 (i.e., a land portion) of the outer subgtfate 9 by way of

The insulating film 2’ is connected to the metal wiring

the bump-like metal protrusion. The thermal é&hesive resin
layer 8 which is attached to the insulating film 2" as a
support is bonded under pressure to the lead 3’ formed on the
insulating film 27.

15 Figs.l1l3(a) and 13(b) are respectively partially

sectional Giews-showing in a magnified fashion a method for

obtaining the.mounting'strugture shown in Fig.12. -

'ﬁ' Fig.13(a) shows a state prior to connectioﬁ.
Fig.13(b) shows a state after connection. In Fig.l13(a), the
20 adhesive layer 8 is provided on the insulating f£film 2" so that
it can face the surface of the insulating film 2’ having the
connecting l?ad 3¢ thereon. Abcordingly, the insulating film
2’ can be bonded with pressure t6 the outer substrate 9 in such

a way that the land portion 10 of the outer substrate 9 is

25 connected to the bump-like metal protrusion. As a result, as
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sgbstrate_of t he present invention; | Fig.4 is a cross sectiona
vi ew show ng anot her enbodi nent of a wiring substrate according to the

present i nventi on; Fig.5 is a cross sectional view show.ng one
enbodi nent of a sem conductor device manufactured by using a filmccarrier
according to the present invention; Figs.6(a) to 6(e) are views
showi ng a sequence of process steps to manufacture a sem conductor device
accordi ng to the present invention; Fig.7 is a viewsimlar

to that of Fig.6(d);
shown in Fig.13(b) an adhesive in the adhesive layer 8 is

charged with pressure into a space between the outer substrate
9 and the insulating film 2’ through the minute through-holes
4 which are not filled with the- metal materia]:, so that the

5 land portion 10 and the vicinity thereof are covered with the
adhesive resin. It follows that the electrical conduction is
_stabilized and the stabilization against mechanical and thermal
shock is attained.

The insuléting film 2" used as a support can be made

10 of the same material as that of the above noted insulating £ilm
27. -

The thermal adhesive resin may be charged with
pressure by using any method if it can charge the resin into
the through- holes. Particularly preferred is a hot press

15 method in which the fluidity of the resin is raised by applying
heat and thé- fiuid rt_e:sin is éharged with pressure. The hot
press method may be carried out under the conditions of
pressure of 5 to 500 kg/cm®?, preferably 20 to 300 kg/cm® (when
+the outer substrate is made of a brittle material such as

20 glass, the pressure is preferably about 5 to 100 kg/cm?),

temperature of 50 to 200 °C, preferably 100 to 180 °C and time

of 10 to 300 seconds, preferably 10 to 120 seconds.
It is preferred that as shown in Fig.13, the thermal
adhesive resin is used in a film-like shape from the standpoint

of workability and the accuracy of charged amounts.
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Filg.8 is a sectional view show ng one enbodi nent of a nounting structure
agcording to the present invention; Figs.9(a) and 9.(b) are
regepectively partially sectional views of an insulating filmaccording to
t present invention; Fig.10 is a sectional view showi ng a
sthte in which a sem conductor device is nmounted on a | and portion by way
of the bunp-1like netal protrusion shown in Fig.9(a); Fig.11

isfa viewsimlar to that of Fig.10 provided with a thermal adhesive

repin layer; The mounting structure of the semiconductor device

shown in Figs.8 and 12 according to the present invention is
produced by connecting the lead 3’ to the land portion 10 by
way of the through-holes 4 filed with the metal material

5 provided in the insulating film 2‘'. In additibn to this, as

shown in Fig.14, the mount;ing structure of the semiconductor

device according to the present inventioﬁ-can also be obtained

by directly connecting the lead 3’ to the land porxrtion 10. In

# the mounting stxructure shown in Fig.14, since a metal material

10 need not be charged into the through-holes prowvided in a region

 of the insulating film where outer bonding (i~e., the land

portion) is to be conducted, manufacturing steps can be
reduced. .

Fig.14 is a sectional view showing another embodiment

15 of the mounting structuré according to the present invention.

In Fig.1l4, the semiconductor eiement 1 is mounted on

the film carrj_.er.: comprising thé insulating £ilm 2’ having the

[ connecting lead 3’ ‘on one surface thereof. The connecting lead

3’ formed on the insulating film 2’ having the through-holes 4

20 is directly connected to the land portion 10 providéd on the

outer substrate 9. When this connection is carried out,

thermal adhesive resin is charged with pressure into the
through-hole-4, so that a connecting region and the wvicinity
thereof are reinforced and covered with the resin. The

semiconductor element 1 is electrically connected to the
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Fig.12 is a sectional view show ng another enbodinment  of a nounting
structure according to the present invention;

- 10_
secti onal

10

Figs.13(a) and 13(b) are respectively partially
views showing in a magnified fashion a nmethod for

connecting lead 3’ by way of the metal material 5 filled in the
through—hbles 4 of the insulating film 2’ as in the case of
Fig.5. However, such connection may also be carried out using
such a bump as used in conventional methods. )

Fig.l15(a), Fig.l15(b), Fig.1l6(a), and Fig.1l6(b) are
respecti&ely enlarged sectional views showing a method in which
the film carrier shown in Fig.l4 is connected to the land
portion of the outer substrate. Specifically, Fig.l15(a) and
Fig.l6(a) show a state prior to connection in which the thermal
adhesive resin layer 8 is.formed on the opposite side of the
surface of the insulating film 2’ on which the cohnecting lead
3’ is provided. Fig.15(b) and Fig.l6(b) show a state after
connection in which the thermal adhesive resin is charged with
pressure into a space between the film carrier and the outer
substrate 9 by way of the through-holes 4, so that a connecting
region and the vicinity theredf are covered with the resin.

Incidentally, Fig.1l5(a) and Fig.15(b) show that the
sectional views are those taken in the direction parallel to
that of the connecting lead. Fig.l6(a) and fig.lG(b) show that
the sectional views are those taken in the direction
perpendicular to that of the connecting lead.

In the:mountiﬁg structure of the semiconductor device
as shown in Fig.14 to Fig.167 the minute through-holes 4 are
provided in the vicinity of a region of the insulating £film

where the connecting lead 3’ is connected to the land portion
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obt ai ning the nmounting structure shown in Fig.12; Fig.14 is a
sectional view show ng still another enbodinent of a nounting structure
according to the present invention; Fig.15(a), Fig.15(b),
Fig.16(a), and Fig.16(b) are respectively enlarged sectional views show ng
a method in which the filmcarrier shown in Fig.14 is connected to the

| and portion of an outer substrate; and " Figs.17(a) to Fig.20(b)
are sectional views showing a connecting |ead having openings or recesses.

10 of the outer substrate 9. However, instead, opeﬁings or
recesses having a larger size than that of the through-holes

may.be provided, in order that the thermal adhesive resin can

be easily charged. Examples of sych openings or recesses are

5 shown in Fig.l7 to Fig.20. In each of these figures, (a) shows

a sectional view, and (b) shows a plan view. .

Such openings or recesses can be ‘formed using

meghanigal processing, laser proéessing, light processing, and

l" chemical etching, etc. Améng these processing methods,
10 irradiation with an excimer laser beam is preferably adopted.
It is preferred that the connecting ‘lead 3’ is
processed to form such a shape having no free ends as shown in
Fig.18 to Fig.ZO from the stand point of the covering and
reinforcement of the lead. .
15 As mentioned above, ac;ording to the present
invention there'a;e proviaed'a wiring substrate or a film

carrier in which a conductor pattern (or a connecting lead) is

formed on the one surface of an insulating support ‘(or a
insulating f£film); at least one of minute through-holes are
provided in a xregion- of the insulating support (or the
insulating film) where the conductor pattern (or éonnecting
lead) is in contact therewith and in the wvicinity of that
region; a condﬁctive-passage_is formed in the through-holes

provided in a xregion of the insulating support (or the

This Sheet Has Been Replaced
i - 29 -

AR




D DESCRI PTI ON OF THE | NVENTI ON The present invention can

'{é'fully understood fromthe follow ng detail ed description when

conjunction with the acconpanyi ng draw ngs. Figs. |

2 ¢gch are a cross sectional view showing one enbodinent of a wiring

)frusion (i.e.,

subqtrate according to the present invention. In Fig.1, a bunp-like netal
a bunp) 6 is forned in a through-hole 4 into which netal

5 is packed. In Fig.2, a bunp 6 is forned so that a plurality

ﬁlugh-holes 4 packed with metal material 5 can be cl ogged
il t aneousl

R A I T i T

insu{éting film) where the conductor pattern (or the connecting
lead) is in contact therewith; and

a bump-like metal protrusion is formed on the conductive

passage.

Therefore, when a semiconductor element is connected
to the wiring substrate or the film carrier, alignment accuracy
can be made high. Since anisotropic conducj:ive films ox
paints, which are considerably expensive, are not used, lower
costs are effected, and the reliability of electric connection
is increased.

The electric connection area is free to be designed
by selecting the size of the through-holes and the distance
between holes, with the result that the miniaturization of the
connection area can be:realized.

Espéqially, when the thermal adhesive resin layer is
used, the céﬂnecting region and the vicinity of the region are
completely shielded from the open air, with the result that
connecting reliability can be further increased and the
connecting strength is also increased.

When the semiconductor deﬁice produced by using the
film carrier is mounted on the outer substrate, the reliability
of the electrical connection is increased and alignment can be
easily conducted since there is used such a insulating film
having conductive through-holes therein connected to the

semiconductor element. When the thermal adhesive resin layer
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2t he above drawi ngs shows a wiring substrate i n which a
uctor element 1 is nmounted thereon and is connect ed
; and in which an outer connecting el ectrode

is interposed between the semiconductor device and the outer
substrate, the electrical conduction is strengthen and the
stabilization against.mechanica{_and thexrmal shqpk is attained.
Further, since the conneéting portion and the vicinity thereof
are covered with the thermal adhesive resin, even in such a
semiconductor device having a number of pins, leakage of
current will not occur between pins, thereby:obtaining an
extremely high connection reliability.

Contrary to prior arts in which a connecting lead is
§ 10 alone exposed in the space of a semiconductoxr device, in the
: film carrier of the present invéntion, the lead is supported on
the insulating film, so that the bending strength of the lead
itself increases and the bending and breaking of the lead will
not occur. It follows that operating efficiency' and

15 productivity increases.

The following experihenf has been performed to prove

the bending strength. of the lead according to the present
invention.

A polyimide precursor solution was coated on a copper

20 foil of 17 ym thick so as to ﬁave a coating thickness of 25 um

and hardened, thereby forming a two lajered film which acts as

the support of a film carrier. A resist was coated on the

surface of the film on which the copper foil was formed, and

then exposing, deveioping, and etching were conducted to form

25 a pattern having a lead portion thereon. The width of the lead
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t E'be formed on a connecting surface of the semiconductor elenment 1 is
offitted fromthe illustration. In Fig.1, a material constituting
an insulating support 2 is not restricted to particular one if it has

i nsul ating property, and can be used irrespective of thernosetting resins
or thernopl astic resins. Exanples of such a material include polyester
resins, epoxy resins, urethane resins, polystyrene resins, polyethylene
resins, polyande resins, polyimde resins, ABS resins, polycarbonate
resins, and silicone resins. A conductor pattern conprising a
bonding pad 3 is

was 60 pm. Dry etching was effected to the surface of the
support on which the copper foil was pfovided using a laser
beam of ultraviolet regions, so that part of the insulating
film (i.e., polyimide f£film) ihterposed betwéen leads was

"~ 5 removed, thereby obtaining the film carrier in which the
insulating film remained on the back surface of the lead. The
transverse cross section of the insulating £film showed a
trapezoid having a upper base.of 80 um and a lower base of 60
pm.

10 It was found that when the film carrier having 120

pieces of leads was produced using the above method, bending or
breaking of leads did not occur; whereas in a conventional f£ilm
carrier in which leads were exposed, breaking occurred in 24
pieces of leads.

15 | It is preferred that in order to secure connection

due to the _bﬁmp—like metal protrusion provided at the

insulating £ilm, after the bump-like metal protrusion is
formed, a part of the insulating f£ilm which surrounds the metal
protrusion is removed by etching, so that the thickness of the
20 insulating £ilm is made thin, thus increasing the height of the
bump-like metal protrﬁsion. In this case, it is preferred that
the thickness of the insulating film is reduced in oxrder that
it can be 5 to 200% of the bump diameter frém the standpoint of
the balance between the bending strength and the connection

25 reliability.
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made of metals such as gold, silver, copper, iron, nickel-or cobalt; or

all oys containing these netals as a maj or conponent. The conductor pattern
can be forned on the insulating support 2 by the foll ow ng nethods. That.
is, (1) the conductor pattern nay be formed on the insulating suppart by
vari ous evaporation nethods, various plaing nethods, etc.; (2) using a

| am nate of the insulating support and a netal |ayer, a part of the netal

| ayer is renoved by sputtering to forma conductor pattern on the

i nsul ating support; and (3) a solution of a material for the insulating

support (such as aﬂ?ii’é nl}.lgg isr%é'ﬁ{:fgx)l lixés Cgéér?ddescribed in detail and

with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

5 spirit and scope thereof.
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on-a netat |ayer for a conductor pattern. The method (3) can also be used
for producing the |lam nate used in the nethoed—{2)

-12 - Figs.3(a) to 3(c) are s% t| Vi ews enbodylng
manuf acturing steps to obtain the wiring su i‘ﬁﬁ‘ﬁgﬂ T" %

WHAT IS CLAIMED IS:
1. A wiring substrate comprising:
a conductor pattern which has a bonding pad and is
formed on the rear surface of ;; insulating subport;
at least one of minute through-holes which are
5 provided in a region of said insulating support where.said
bonding pad is in contact therewith, or which are providéd in
a region of said insulating support where said bonding pad is
1 in contact therewith and the vicinity of said region, said
through-holes running in the direction of the ﬁh;gkness of said
10 insulating support;

a conductive passage which is made of a metal
material and which is formed in said through-holes that are
provided in a region of said insulating support where said
bonding pad is in contact therewith; and

15 a bump-llke ‘metal protru31on which is formed on.said

conductive passage and which is protruded from the £front
surface of said insulating suppsrt.
2. The witing substrate according to claim 1,
wherein said insulating support is made of a polyimide £ilm.
3. A method for manufacturing a wiring substrate
comprising: -

(a) forming a conductor pattern having a bonding pad

on at least one surface of an insulating support;

S| 11T
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present invention. Fig.3(a) shows that theconductor pattern
conprising the bonding pad 3 1s fornmed on one surface of the insulating

support 2. Fi g. 3(His)Sheda Bu¥Bet: latdd @ region of the insulating
support 2 where the bonding cted thereto and in the vicinity
of that region, there are f g one of mnute through-holes 4
whi ch are apart from each other I stance snmaller than the w dth of

t he bonding pad, and run in the direction of the thickness of the
i nsul ati ng support. The t hrough-holes 4 can be formed by means of

5 . (b) forming, in a region of said insulating support
where said bonding pad is in contact therewith, or in a region
of said insulating support where said bonding pad is in contact
therewith and the vicinity of said region, at least one of
minute through-holes being apart from each other with a

10 distance smaller than the width of said bonding pad and running
in the direction of the thickness of said insulating support;

and

(c) conducting eléctroplating using said conductor

pattern as an electrode after masking the. surface of said

15 insulating support on which said conductor pattern is formed,
thereby depositing and growing a metal material in said
through-holes. that are formed in a region pf said insulating
support where said bonding pad is in contact therewith, so that
a conductive passage is formed in said through-holes, and

20 subsequentlg;' forming a bump—iike metal protruéion on said

conductive passage.

4. The method according to claim 3, wherein said
insulating support is made of a polyimide film.

5. The method according to claim 3, wherein ‘in
said step (c), after the thickness of said conductive passage
formed in said through-holes becomes a predetermined value,
said insulating éupp_ort is immersed in a solder bath to charge

the soldexr into said through-holes, thereby depositing said

s I
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chining, laser, light, chenical etching, Jﬂgg____ll__;__ﬁgifﬁﬁ et

at the size of the through-holes 4 is made as |arge as p055| ; ¥
extent that the adjacent through-holes 4 are THHSh&mH ar. £
her in order to decrease an electric reS|stance£

o d

deposited in the through-holes of the follow n
ough-holes 4 may be provided only in a region ng
where the bonding pad 3 is in contact therewth, but they may be
ovided in both the region of the insulating support 2 where the- bon'

pgd 3 is |n contact, therewith and the vicinity of that region. S
etal material on said conductive passage and forming Sald

o N~

metal protrusion on said metal material.
6. A film carrier comprising:

an insulating film having a lead on one surface

thereof;

at least one of minute through-holes which are
5 provided in a region of said insulating film where said lead is
in contact therewith, or which are provided in a region of said

insulating film where said lead is in contact therewith and

the vicinity of said region, said through-holes running in the

direction of the thickness of said insulating film;

a conductive passage which is made of a metal
material which is formed in said through-holes that are

provided in a region of said insulating film where said lead is

in contact there&ith; and

a Sﬁmp-like metal prétrusion which is formed on said
conductive passage and which is protruded from the opposite
side of the surface of said insulating film on which said lead
is formed.

7. The film carrier according to claim 6, wherein
said conductive passage is formed by depositing a metal
material. _

8. The film carrier according to claim 7, wherein

said metal material is deposited by plating.
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__?3 - Fig.3(c) shows that the surface of the perforated
sul ati ng support 2 on which the contductor—pattern is formed (i.e., the
wer surface of the insulating suppor ' faad then

ectroplating is carried out by usi ngﬁiﬁiﬁm“ﬁﬁmﬁﬁ

9. The film carrier according to claim 6, wherein

said conductive passage is formed ‘into a multi-layered

structure of a plurality of metal materials.

10. The film carrier according to claim 6, wherein
a thermal adhesive xesin layer is provided on the surface of
said insulating film on which said bump-like metal protrusion
is formed.

11. A semiconductor device comprising a semi-

M&W-ﬂ

conductor element having an outer connecting electrode being
connected to said bump-like metal protrusién”pf said film
carriexr as defined in claim 6.

12. . The semiconductor device accoxding to claim 11,
wherein a thermal adhesive resin layer is interposed between
said semiconductor element and said film carrier.

13. The semiconductor device according to claim 12,

wherein said thermal adhesive resin layer is previously

provided on the surface of said semiconduc¢tor element on which
v said outer connecting electrode is formed.

14. The semiconductor device according to claim 12,
wherein said thermal adhesive resin layer is previously
provided on the surface of said £ilm carrier on which said
semiconductoxr element is mounted.

15. The semiconductor device according to claim 12,

wherein a thermal adhesive resin is introduced into the minute

N
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i ncl udi ng- t he bonding pad 3 as an el ectrode, thereby depositing
material 5 in the-thr -holes 4 which is in contact with the

ad 3, followed by fofnidige:onsBeaeRepleadal material 5 a bunp-1ike
trusion 6 protruded surface of the insulating

2. In additiz\m m\iown In Fig.3(c) may be

out as follows. Nanely, g the netal material 5 is stopped

e thickness of the netal material beconmes a predeterm ned val ue
ly fromabout 8 to 50 pmbut depending on the thickness of the

‘i ng support), while

.~ t¢hrough- holes in that said conductive passage is not formed,

ghereby forming said thermal adhesive resin layer.
| 16. A.moﬁnting structure of a semiconductor device

comprising an outér substrate and the semicon&uctor device as
defined in claim 11_ obtained by connecting a semiconductor.
element to a film carrier comprising an insulating film having
a lead on one surface thereof, said' mounting structure
comprising:

at least one of minute through-holes which are
provided in a bonding region of said insulating f£ilm where a
land portion of said outer substrate is in contact therewith,
or whiﬁh are provided-in a bonding region of said insulating
film where a land portion of said outer substrate is in contact
"therewith énd the vicinity of said bonding region;

a metal material which- is charged into said
througﬁ-hoiés that are providéd in said bonding region; and

a bﬁmp-like metal protrusion formed on said metal
material; said lead being connected to said land portion
through said bump-like protrusion.

17. The mounting structure of a semiconductor

device according to claim 16, wherein said metal material is a

solder.

18. The mounting structure of a semiconductor

device according to claim 16, wherein a thermal adhesive resin

“20 RN OV
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%me insul ating support 2..is kept masked, the insulating support
imrérsed in a sol der bath,—thereby’tﬁé?ﬁTﬁﬁ—The solder into the

through-hol es 4 which is parg g@é&iﬂ;ﬁk hedihe metal material, followed
by form ng the bunp-1like net el ectropl ating or applying
ultrasonic vibration in a sol i mﬂ “mé“ exanpl e. Al so, sol der
may be applied to electro

The nmetal material charged
in the through-holes 4 and the bunp | i ke metal protrusion are forned into

a nmnulti-layered structure of a plurality of netal materials. For exanple,
as shown in Fig.4, the first layer which is fornmed in the through-
layer is interposed between said film carrier and said outer -

S

i
H

substrate.
19. The mounting structure of a semiconductor
device according to claim 18, wherein a thermal adhesive resin

is introduced between said f£ilm carrier and said outer

substrate through said through-holes in that said metal

5 material is not charged, thereby forming said thermal adhesive

resin layer.
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hol 4 and is in contact wwth the bonding pad 3 can be rrade,ngfs a cheap
met # materi.al 5a such as copper, and the thir 15 Sheet Has Bee
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eplaced



mhrch—¥§—+ﬂ—eeﬁ&fmﬁ—VWf+rthe senm conductor elenent 1 can be nade of e

met al er) leggfh as gold having high reliability for

connect cond | ayer interposed betmeen the first |ayer and

t he thir Mﬁ made of a netal 5b such as nickel acting

as ‘a bar events reaction bet fx the metal materials 5a and
The manuf acturing steps for the wiring substrate shown in

Frgs.S(a) to 3(c) will be illustrated with reference to the foll ow ng

enbodi nent s. A condEigger fattern consisting of copper |ayer of

35
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[err]mthick was formed on one surface of a polyinide support *6f+"20 [err]m
t hi ck. The wi dth of a bonding pad included in the conductor pattern was
90 [err]m Exci mer | aser beam irradi ated on the surface

ot her than that of the support on which ﬂgzzionductor pattern was fornmed
t'hrough a shiel ding screen made of nickel™ havi ng m nut e hol es of 25
[err]min diameter and of 45 [err]min hole I ntervals, thereby form ng

t hr ough- hol es reachi ng t he conduct or pattern. At this tinme, the region of
the shielding screen in which the m nute holes was fornmed was confined to

t he regi on of t he support where the bonding pad was in contact therewith -
and
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BiThed tothe Vicinity of that support ‘region
#c formed as shown in Fig. 3(b).

oy The irradiation with exci Bal :
e condltlons of a wave |ength of 248 rbZ? ul s
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50 ml, a repetition rate of 100 Hz, and an ablation rate of 0.1 to 0.5
i ] m per one shot. The surf 8Of t he conductor pattern was
with a masking tape and el ectro}&a ing with copper was carried out
ng the conductor pattern as an el ectrode, thereby depositing a copper
"yer in the through-holes. Finally, electroplating wth gold was carried
it to formthe bunp-1ike gold protrusion protruded fromthe support,
‘I’hereby obtaining the wiring substrate according to the present invention.
'.lt has turned out that when the wiring substrate thus

Fig. 11 -
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obt ai ried was eIeCtropIated, the netal |ay s grown to form the

bunmp-1i ke protrusion which clogs the thro -floles fornmed in a region of
t he support where the bonding pad was in contact therewith as shown in
Fig. 2. In the same manner as the above enbodi nent, when copper

was charged into the through-hole, charging the copper was stopped when

t he copper |ayer reached the surface of the insulating support, and the
support was then imersed in a solder bath, applying ultrasonic vibration
thereto to formthe bunp-like nmetal protrusion as shown in Fig.4, thereby
obtaining the wiring substrate according to the present invention.

Fig. 13 (a)
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Bondi ng was carried out to connect a senﬁcfcﬁductor element to the
wWring substrate thus obtained, thereby
= 16 - obtai ning a sen conduct or device excellent in electrical and

Fig. 15(a)
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Fig. 16(a) - Fig. 16(b)
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mechani cal connecti ons. In the

gﬁgsent I nventi on, lf
that an insulating support is used in a

ape of an |nsulat|ng fIIhTIn
order that the wiring substrate be made thinner so as to apply to the TAB

met hod as packagi ng of sem conductor devices. Nanely, a flexible film

carrier can be used as a wiring substrate on which a sem conductor el enent
I's nmounted. The present invention can advantageously be applied to such a
flexible filmcarrier and sem conduct or devi ce. Fig.5 is a

cross sectional view showing one enbodinment of a sem conductor device
manuf actured by using a

Fig. 17{a) Fig. 18(a)
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Fig.5 1in the same manner as Fig.1l, a plurality of through-holes 4 are
formed i'n a region of a insulating film2 where a lead 3 is in contact
therewith as well as in the vicinity of the region. Only the through-holes
4 that are fornmed in a region of the insulating filmwhere the lead 3' is
in contact therewith are filled wwth a netal material 5, and a bunp-Ilike

nmetal protrusion 6 is provided r _The bunp-I|ike netal
protrusion 6 is connected t %@A@F 6 "ruE DISCLOSURE

firmcarrier according to the present invention. ' As shown in g

A wiring substrate, a film carrier, a semiconductor
device made by using the film carrier, and a mounting structure
comprising the semiconductor de¥ice are disclosed.

The wiring substrate comprises:

5 a conductor pattern which has a bonding pad .and is
formed on the rear surface of an insulating sﬁpport;
i at least one of minute through-holes which are
; provided in a region of the insulating support where the
% bonding pad is in contact therewith, ox whigh'age provided in
é 10 a regiog of the insulating support where the bonding pad is in
: contact therewith and in the vicinity of the region, the
through-holes running in the direction of the thickness of the
insulatiﬁg support;
a conductive passaée 'whic.'h is made of a metal
material and which is formed in the through-holes that are
. provided in .a‘ region of the insulating support where th‘e.
bonding pad is in contact therewith; and
a bump-like metal protrusion which is formed on the
conductive passage and which is protruded from the front

surface of the insulating support.

£
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WIRING SUBSTRATE, FILM CARRIER, SEMICONDUCTOR DEVICE
MADE BY USING THE FILM CARRIER, AND
MOUNTING STRUCTURE COMPRISING
THE SEMICONDUCTOR DEVICE

FIELD OF THE INVENTION
The present invention relates to a wiring substrate,

as well as a film carrier, and more particularly to a semi-

conductor device made by using the film carriex, as well as a

mounting structure comprising the semiconductox device.

BACKGROUND OF THE INVENTION

A. conventional method for mountiné a semiconductor
element on a substrate for a circuit by means of wireless
bonding includes a methc'ad in which a conductive bump is formed
on an electrode siu:face of the semiconductor element, and then

the bump is bonded to = bénding pad formed on the substrate;

- and a method in which a conductive bump is formed on a bonding

pad of the substrate, and then the bump is bonded to an
electrode surface of the semiconductor element. Such methods
are disclosed in JP-A-50-10476 and JP-A~50-160774 (The term
"JP-A" as used herein means an "unexamined published Japanese

patent application).

However, the former method is poor in production ’

efficiency because it is necessary to form the bump on the.

electrode surface of the semiconductor element in advance, so
that the semiconductor element will be contaminated. and

ihjured. In addition, both methods require that alignment
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In Fig.5 material constituting insulating film2', as in the case of the
dnsulating support 2, is not restricted to particular one if it has

i nsulating property, and can be used irrespective of thernosetting resins
or thernoplastic resins. Exanples of such material include polyester
resins, epoxy resins, urethane resins, polystyrene resins, polyethylene
resins, polyamde resins, polyimde 2resins, ABS resins,

pol ycarbonate resins, and silicone resins. Arong these, a film nade of
polyimde resins is particularly preferred fromthe standpoints of

heat -resi stant property and nmechani cal strength.

accuracy be higher in the bonding step of the semiconductor
element. .

Recently, with the development of the electronic
equipments which are thinned and-miniaturized, there has been
a g;oﬁing demand for thinning the wiring substrate. In order
to form such a paqkage, there is adopted a TAB (i.e.,_tape
autbmated bonding) method in which a film éarrier is used.

There have been known a variety of inner lead bonding
methods in.which a semiconductor-element is bonqed to.é finéeré
like lead. Among these inner lead bonding methods, there has
been proposed a method in which a bump (i.e., a protruded
electrode) is formed on the electrode surface of a
semiconductor element, and a lead provided on a £film carrier is
boﬁded to the semiconductor element by way of the bump.

However, the method using the bump provided on the
electrode surface requires complex processes comprising forming
on an electrode a contact layer made of metals such as.titanium
or chromium and a barrier layer made of metals such as copper,
platinum, or palladium which prevents the bump metal from being

' diffused, using sputter etching or evaporation, etc.,
respectively, followed by forming a bump using, e.g., plating
with gold. In addition, the method is difficult to get rid of
confamination or damage of a semiconductor device. |

Also, there has been proposed a method in which a

' bump is bonded to a lead provided on a film carrier, however,

This is the replacement sheet
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The Tead 3' to be provided on one surface of the insulating film2' is
made of a insulating material including netals such as gold, silver,
copper, nickel or cobalt; or alloys containing these netals as a mmajor
conponent and is electrically connected to the sem conductor el enent 1.
The lead 3' is also fornmed into a desired linear pattern so that the

sem conductor el ement 1 can function préperly. The t hrough- hol es
4 to be formed in the insulating film2' are inportant in order to connect
the lead 3' to the outer connecting electrode 7. Therefore, in a region of
t he

it requires complex processes for forming the bump in the same

as the above method.

Recently a bumpless f£film carxier having an

;niéotropic conductive film has been proposed as shown in
JP-A~63-4633. Such an anisotropic conductive film is
produced by a method in which conductive 'pa'rticl-es‘ such as
carbon black, graphite, ﬁickel, copper, silver, etc. .are
dispersed in an insulating resin film and the conductive
particles are made to be oriented in the dirgctioh of the
thickness of the film. A complex manufacturing method is
necessary to obtain a homogeneous anisotropic conductive film.
Also, when the orientation of the conductive particles is
insufficient, inner lead bonding is insufficiently conducted so
that the reliability f9r connecting may be léwered.

On the other hand, when.the semiconductor device
obtained by conducting the .inner lead bonding is connected to
an outer substrate such as a package substrate or a case using
aﬁ outer lead bonding method, there are problems similar to
those described above.

Namely, when a sémiconduétor device is mounted on an
outer subsﬁrate by means of an outer lead bonding method, there
is used a linear connecting lead made of conductive metals such
as copper formed on a film carrier constituting the
semiconductor device, and the connecting .lead is. connected to

a metal wiring (i.e., a land portion).
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insalating film2' where the lead 3' is connected thereto and in the
vicinity of that region, there are forned at | east one of mnute

t hrough-hol es 4 which are apart fromeach other with a distance smaller
than the width of the lead 3' and which run in the direction of the

t hi ckness of the insulating film2'. 4 -
18 - ' - -

However, such a mounting method requires that cutting
or bending ié conducted with respect to a connecting lead, so
that operating efficiency is poor and. connection is not easy.
Since the connecting lead is mad; to be protrudeci from the f£ilm
carrier, it is poor in mechanical strength as well as operating
efficiency. Thermal connecting methods such as a reflow
soldering method are adopted for connecting the lead to the
land portion. For example, when a se:hiconductor device is
mounted on a transparent eleqtrode ma&e of metal oxides such as
a liquid crystal panel, it is necessary to metalize the upper
surface of the transparent electrode in advance 56 that
soldering can be carried out.

Recently, there.have been proposed methods in which
a film carrier is connected to an outer substrate using an
anisotropic conductive film or paint as shown in JP-A-63-34936.
However, such methods require l:xigh alignment accuracy and lead
to high costs.

| SUMMARY OF THE INVENTION

The present invention is intended to overcome the
above noted problems inherent in the prior art.

An object of the present invention is therefore to
provide a technique for a wiring substrate, specifically a
wiring substrate and- a film carrier, and a semiconductor device

made by using the film carrier, and a mounting structure

provided with the semiconductor device, wherein a bump can be
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The 't hrough-holes 4 are forned by neans of machining processing, |aser
processing, light processing, chemcal etching, etc., so that a desired
hol e size and a desired distance between hol es can be obt ai ned.
Irradiation with an excimer |aser beamis preferably used for form ng the
t hrough-holes. It is preferred that in order to decrease an electric
resistance of a netal material to be degbsited in the through-holes of the
following step, the size of the through-holes 4 is nade as |arge as
possi bl e to such an extent

formed at high precision and at a 1low cost, and the
miniaturization of such products can be easily achieved.

The above and other objects of the present invention
will be more apparent from the f;ilowing descriﬁfion.

The present inventors have éttempted to ovexrcome the
above problems and have consequently found that when an
jnsulating support, preferably an insulating film, comprising

| minute through-holes penetrating through the upper and lower
suffaces of the filmland a bump-like metal prot;usion-which is
formed in the through-holes and is protruded ‘from one surface
of the film is used, a wiring substrate as well as a film
carrier which can attain the above-noted objects can be
obtained. Also, a sémiconductor device made by using the film
carrier,- and a mounting structure provided with the
-semiconductor deviée can be obtained so as to attain the above-
noted objects. |

According to one aspect of the present invention,
there is'provided a wiring substrate comprising:

a conductor pattern which has a bonding pad and is
formed on the rear surface of an insulating support;

at least one of minute through-holes which are
provided in a region of the insulating support where the
bonding pad is in contact therewith, or which are provided in
a region of the insulating éupport where the-bonding.pad is in

contact therewith and the vicinity of the region, the through-
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that the adjacent through-holes 4 are not connected to each other, and the
di stance between holes is nade as snmall as possible to increase the nunber
of the through-holes 4 which are in contact with the | ead. Anong
such t hrough-holes 4 thus obtained, in the through-holes that are forned
in aregion of the insulating filmwhere the lead 3' is in contact
therewith, there is formed a conductiv& passage by charging the netal
material 5 therein. A bunp-like netal protrusion having a height of

several mcroneters to tens of mcroneters (for exanple, from about 0.5

to 100 [err]m preferably fromabout 10 to 80 pm but dependi ng on

holes running in the direction of the thickness of the
insulating support;

a conductive passagé which is made of a metal
material ‘and which is formed in the through-héles that are
prow_rided .in a region of thé insulating support where the
bonding pad is in contact therewith; and

| a bump—like metal protrusion which is formed on the
- conductive passage and which -is protruded from the front
surface of the insulating support. )

According to another aspect'of the present'invention,
there is provided a method for manufacturing a wiring substrate
comprising:

(2) forming a conductor pattern having a bonding pad
on at least one surface -of an insulating support;.

(b) forming, in é.-region of thé insulating support
where the bonding pad is in cdntgct therewith, or in a region
of the insulating support where the bonding pad is in contact
therewifh and the vicinity of the region, at least one of
minute through-holes being apart from each other with a
distance smaller than the width of the bonding pad and running
in the direction of the thickness of the insulating supporf;
and

(¢) conducting electroplating using the conductor
pattern as an electrode after masking the -surface .of -the

insulating support on which the conductoxr pattern is formed,
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the intended use) is forned on the netal material 5, thereby obtaining the

filmcarrier of the present invention. The conducti ve passage
made of the nmetal material 5 and the bunp-like netal protrusion are forned
only in the - 19 -

-7 -

thereby depositing and growing a metal material in the
through-holes that are formed in a region of the insulating
support where the bonding pad is in contact therewith, so that
a conductive passage is formed in the through-holes, and
subsequently forming a bump-like metal protrusion on the
conductive passage.

Accoxding to.still another aspect of the present
invention, there is provided a film carrier cbmprising:

- an insulating film having a lead on onc; surface
thereof;

at least one of minute through-inoleé" which are
provided in a region of the insulating film where the lead is
in contact therewith, or which are provided in a region of the
insulating film where the lead is in contact therewith and
which are providéd in the vicinity of that region, the through-
hoies running in the direction of the thickness of the
insulating film;

a conductive passage which is made of a metal
material which is formed in the through-holes that are provided
in a region of the insulating film where the lead is in contact
therewith; and

a bump-like metal protrusion which is formed on the
conductive passage and which is protruded from the opposite
side of the surface of the insulating film on which .the lead

is formed.

This is the replacement sheet

" pate: 2 9 MAR 1937



t hrough-hol es that are in contact with the lead 3' by conducting

el ectroplating using the lead 3' as an el ectrode. The neta
material charged in the through-holes 4 and the bunp-1ike netal

protrusion, which are provided in the film carrier of the present

i nvention, nmay be forned into a nulti-layered structure as in Fig.4 nmade
of a plurality of netal materials as < ® tthe case of the wiring substrate
of the present invention. The bunp-1ike nmetal protrusion 6,

whi ch constitutes the filmcarrier, is connected to an outer connecting

el ectrode '

According to yet another aspect of the present
invention, there is provided a semiconductor device made by
connecting a semiconductor element to the above film carrier.
| According to further aspect of the present invention,
there is provided a mounting structure of a semiconductor
device comprising an outer substrate and the above
semiconductor device ‘obtained by connecting a semiconductor
element to a film carrier comprising an insulating film having
a lead on one surface thereof, the mounting ‘structure
comprising: -

at least one of minute through—holéé which are
provided in a bon&ing region of the insulating film where a
land portion of the outer substrate is in contact therewith, or

: whiéh are provided in a bonding region of the insulating film
where a land portion of the outer substrate. is in contact
therewith and the vicinity of the bonding region;

a2 metal material which is charged into the through-
hoies thdt are provided'in the bondinglregion; and

a bump-like metal protrusion formed oﬁ the metal
materia;; the lead being connected to the land portion through
the bump-like protrﬁsion.

BRIEF DESCRIPTION OF THE DRAWINGS '

Figs.l and 2 each are a cross sectional view showing
one embodiment of a wiring substrate according to the present

invention;
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7 formed on one surface of the sem conductor elenent 1, thereby obtaining
the desired sem conductor device. Figs.6(a) to 6(e) are views
showi ng a sequence of process steps to nanufacture a sem conductor device
in which the sem conductor elenment 1 is connected to a filmcarrier nmade
by providing a thermal adhesive resin |ayer 8 on a surface of the
insulating film2'" on which the bunp-Fi Re-netal protrusion is forned.
Fig.6(a) is a sectional view wherein the through-holes 4 is
provided in the insulating film2 wth the lead 3" in the sane manner as
in Fig.3(b).
Figs.3(a) to 3(c) are schematic views embodying
- manufacturing steps to obtain one embodiment of a wiring
lgﬁbstrate of the present invention;
Fig.4 is a cross sectional view showing another

embodiment of a wiring substrate according to the present
jnvention;
Fig.5 is a cross sectional view showing one
embodiment of a semiconductor device manufactured by using a
£ilm carriexr according to the present invention; ]
Figs.6(a) to 6(e) are views showing .a sequence of
process steps to manufacture a semiconductor devite accoxrding
£o the present invention;
Fig.7 is a view similar to that of Fig.6(d);
Fig.8 is a sectional view showing one embodiment of
{; mounting structure according to the present invention;
Figs.9(a) and B(bj are respectively partially
.{éecfional views of an ipsulating film according to the présent
iinventidn} .
Fig.l1l0 is a sectional view showing a state in which
-a sémiconductor device is mounted on a land portion by way of
“the ﬁump-like metal protrusion shown in Fig.9(a);
; Fig.1ll is a view similar to that of Fig.l0 provided
with a thermal adhesive resin layer;

Fig.l2 is a sectional view showing another embodiment

©of a mounting structure according to the present invention;
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Fig:6(b) is a sectional view wherein in order to change the through-holes
contacting the lead 3 into a conductive passage, the through-holes is

filled with the metal nmaterial 5 on which the bunp-like metal protrusion 6
is forned. _ - 20 -

- 10 -

Figs.1l3(a) and 13(b) are respectively partially
sectional views showing in a magnified fashion a method for
obtaining the mounting structure shown in Fig.12;

Fig.14 is a sectional™ view showing.étill another
embodiment of a mounting structure according to the present
invention; '

Fig.15(a), Fig.l5(b), Fig.l6(a), and Fig.1l6(Db) ére
respectiye;y enlarged sectional views showing a method in which
the film carrier shown in Fig.l4 is connected to _-the land
portion of an outer substrate; and . _

Figs.l1l7(a) to Fig.20(b) are sectional views showing
a connécting lead having openings or recesses.

DETAILED DESCRIPTION OF EHE INVENTION

The present.;nvention can be more fully understood
from the following detaiied description when taken in
conjunction with the accompanying drawings.

Figs.l and 2 each are a cross sectional view showing
one embddimént of a wiring substrate according to the presenf
invention. .In Fig.l, a bump-like metal protrusion (i.e., a
bump) 6 is formed in a through-hole 4 into which metal material
5 is packed. 1In Fig.2, a bump 6 is formed so that a plurality
of througtholes 4 packed with metal material 5 can be clogged
simultaneously.

Each of the above drawings shows a wiring substrate

in which a semiconductor element 1 is mounted thereon and is
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Fig.b6(c) is a perspective view of Fig.6(b) Fig.6(d) is a
sectional view wherein the thermal adhesive resin layer 8 is provided on
the surface of the insulating filmso as to cover the bunp-like netal
protrusion 6. Fig.6(e) is a sectional view of a sem conductor
devi ce which has the sem conductor elenent 1 connected thereto.

In Fig.6(d), the thermal adhesive resinllayer 8 covering the top of the
bunp-like nmetal protrusion 6 is renoved due to its spreading when

t her roconpressi on bonding is carried

connected thereto, and ih which an outer connecting electrode
to be formed on a conﬁecting surface of the sémiconductor
element 1 is omitted from the illustration.

In Fig.l, a material constituting an insulating

. support 2 1is not restricted to particular omne if it has
insulating property, and can be used irrespectivg of
thermosetting resins or'thefmoplastic resins. Examples'qf such
a material include polyester resins, epoxy resins, urethane
resins, polystyrene resins, polyethylene resins, ‘bblyamide
resins, polyimide resins, ABS.resins, polycarbonate resins, and
silicone resins.

A conductor pattern comprising a bonding pad 3 is
made of metals such as gold, silver, coppei, iron, nickel or
cobalt; or alloys containing these metals as a major component.
The conductor patfern can be formed on the insulating support
2 by the following'mgthods. That is, (1) the conductor pattern
may be formed on the insulatihg support by various evapofation
methods;'various plaing methods, etc.; (2) using a laminate of
the insulating support and a metal layer, a part of the.metal
layer is removed by sputtering to form a conductor pattern on
the insulatiné support; and (3) a solution of.a material for
the insulating support (such as a polyimide solution) is coated
on a metal layer for a conductor pattern. The.method (3) can

also be used for producing the laminate used in the method (2). -
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out "as shown in Fig.6(e), so that the bunp-like netal protrusion 6
I's electrically connected to the outer connecting electrode 7 forned on

t he sem conductor elenent 1. At this tinme, the thermal adhesive resin of
the resin layer 8 is introduced into and filled with the through-holes
that are not charged with the netal material. * The t hermal
adhesive resin layer 8 is not necessard |32 <provided on the insulating film
in such a way as to cover the bunp-like nmetal protrusion 6 as shown in
Fig.6(d), instead, it nmay be made thinner. so that the upper portion of the
bump-1i ke metal protrusion can be exposed.

Figs.3(a) to 3(c) are schematic views embodying
manufacturing steps to obtain the wiring substrate of the
present invention.

Fig.3(a) shows that the_conductor pattern comprising
the_bbnding pad 3 is formed on one surface of the insulating
suppolrt 2.

fig.B(b) shows that in a region of the insulating
support 2 where the bonding pad 3 is connected thereto and in
the vicinity of that region, there are formed at le;;t one of
minute through-holes 4 which are apart from each other with a
distance smaller than the width of the bondiné pad, and run in
the direction of the thickness of the insulating support.

The through-holes 4 can be formed by means of
machining, laser, liqht, chemical etching, etc. ;t is
preferred that the size of the through-holes 4 is made as large
as possible to such an extent that the adjacent through-holes
4 are not connectéd to each other in order to decreaée an
electric resistance of a metal material to be deposited in the
through-holes of the following step.

The though-holes 4 may be provided only in a region
of the insulating support 2 where the bonding pad 3.is in
contact therewith, but they may be provided in both the region
of the insu;ating support 2 where the bonding pad 3 is in

contact therewith and the vicinity of that region.
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The thermal adhesive resin layer 8 used in the present invention is
extrenely inportant in order to increase the electrical, nechanical, and
chemcal reliability of the sem conductor device. The material of the
resin | ayer 8 can be This is
t he repl acenent sheet 13 )

Fig.3(c) shows that the surface of the perforated
jnsulating support 2 on which the conductor pattern is formed
(i.e-s the lower surface of the insulating support) .is masked,
and then electroplating is carried out by using the conductor
pattern including the bonding pad 3 as an electrode, théreby
depositing the metal material 5 in the through-holes 4 which is
in contact with the bonding pad 3, féllowed'by forming on the
metal material 5 a Bump-like metal protrusion & protruded from
the upper surface of the insulating support 2. )

In addition, the step shown in Fig.3(c) may be
carried out as follows. Namely, charging the meta;"material 5
is stopped when the thickness of the metal material becomes a
predetermined value (generally from about 8 to 50 um but
depending on the thickness of the insulating support), while
the insulating support 2mis_kept.maskea, the insulating support
is immersed in a solder bath; thereby charging the solder into
the through-holes 4 which is partly filled with the metal
material, followed by forming the bump-like metal protrusion by
electroplating or applying ultrasonic vibration in a solder
-‘bath, for example. Also, solder maf be applied to
eiectroplating.

The metal material charged in the through-holes 4 and
the bump-like metal protrusion are formed into a multi-layered
structure of a plurality of metal materials. For example) as

shown in Fig.4, the first layer which is formed in the through-
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- 21 - used irrespective of thernosetting resins such as epoxy resins
or thernopl astic resins such as fluorine-contained resins. Exanples of
such material include polyimde resins, epoxy resins, silicone resins and
fl uori ne-contai ned resins. The thernmal adhesive resin |ayer 8 can
be formed by coating with the resin material the entire surface of the
insulating filmon which the bunmp-1ike &&tal protrusion is provided or by
coating with the resin material the insulating

holes 4 and is in contact with the bonding pad 3 can be made of
a cheap metal material 5a such as copper, and the third layer
which is in contact with the semiconducﬁor element 1 can be
made of a metal material Sc_ such as gold having high
reliability for connection, and the éecond layer interposed
petween the first layer and the third iayer can be made of a
metal material 5b such as nickel aéting as a barrier which
prevents reaction between the metal materials 5a and Sbll

The manufacturing steps for the wiring -substrat'e
shown in Figs.3(a) to 3(c¢) will be illustrated with reference
to the following embodiments.

A conducto; pattern consisting of copper layer of 35
pum thick was formed on one surface of a polyimide support of
20 pm thick. -The width of a. bonding pad included in the
conductor pattern waé 90 pm.

.Excimer laser beam was irradiated on the surface
other than that of the supﬁort on which the conductor pattern
was forﬁed through a shielding screen made of nickel having
minute holes of 25 um in diameter and of 45 pm in hole-
intervals, thereby forming fhrough-holes reaching the conductor
pattexrn. At this time, the region of the shielding screen in
which the minute holes was formed was confined to the iegion'of
the support where the bonding pad was in contact therewith and

confined to the vicinity of that support region so that the

through-holes were formed as shown in Fig.3(b).
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filmsurface so that the coated resin material can forma definite pttern
In addition, the resin |layer 8 may be forned by putting a filmlike or a
ri bbon-1i ke thermal adhesive resin material on the insulating film
When the sem conductor elenent 1 is connected to the filmcarrie by way
of the thermal adhesive resin 8, a |layer of t hermal adhesive resin is
formed between the filmcarrier and --fBe-sem connector elenment, and the
t hrough-holes are filled with the adesive resin, with the result that
adhesi on properties and el ectrical connections increase. Since the
surface of the sem conductor device is protected by the resin
The irradiation with excimer laser beam was conducted
under the conditions of a wave length of 248 nm, a pulse energy
of 250 mJ, a repetition rate of 100 Hz, and an ablation rate of

0.1 to 0.5 pum per one shot.

The surface of the conductor pattern was masked with
a masking tape and'electroplating with copper was carrieq out
'using'the conductor pattern as an electrode, thereby depositing
a copper layer in the through-holes. Finally, electroplating
with gold was carried out to form the bump-like gold p;otrusion
protruded from the support, thereby obtaining the wiring
substrate accoxrding to the present invéntion.' |

It has turned out that when the wiring substrate thus
obtained was electroplated, the metal layer was grown to form-
the bump-like protrusion which clogs the through-holes formed
in a region of the support where the bonding pad was in contact
therewith as shown in Fig.2.

In the same manner as the above embodiment, when
copper was charged into the through-hole, charging the copper
was stopped when the copper layer reached the surface of the
insulating support, and the support was then immersed in a
solder bath, applying ultrasonic vibration thereto to form the
bump-like metal protrusion as shown in Fig.4, thexreby obtaining
the wiring substrate according to the present invention.

Bonding was carried out to connect a semiconductox

element to the wiring substrate thus - obtained, - thereby
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| ayer, resin seal is effected sinultaneously with the electrical
connection, leading to sinplification of process steps. Further, excess
resins flow into the through-hol es whi ch are not charged with the netal

mat eri al, thereby pushing air out fromthe through-hol es. It follows
that the film carrier does not crack, leading to high reliability
- 22 - - 16 -

obtaining a semiconductor device excellent in electrical and
mechanical connections.

In the present invention, it is preferred that an
insulating support is used in a shape of an insulating film in
order that the wiring substrate be made thinner so as to apply
to the TAB method as packaging of semiconductor devices.
Namely, a flexible film carrier can be used as a wiring
substrate on which a semiconductor element is mounted. <The
present invention can advantageously be applied to .such a
flexible film carrier and semiconductor device.

Fig.5 is a cross sectional view “éhowing one
embodiment of a semiconductor device manufactured by using a
film carrier according to the present invention. |

As shown in Fig.5, in the same manner as Fig:l, a |
plurality of through-holes 4 are formed in a region of a
insulating film 2’ where a leéd 3’ is in contact therewith as
well as in the vicinity of the region. Only the through-holes
4 that are formed in a region of th_e insulating film where the
lead 3’ is in contact therewith are filled with a metal
material 5, and a bump-like metal protrusion 6 is provided
thereon.

. The bump-like metal protrusion 6 is connected to an
outer connecting electrode 7 such as an aluminum electrode
formed on one surface of the semiconductor element 1, thereby

obtaining a semiconductor device.
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In the present invention, the filmcarrier is electrically connected to
the sem conductor elenent 1 by way of the outer connecting electrode 7 and
the bunp-like metal protrusion 6, thereby obtaining a sem conductor
device. In order to increase the reliability of the above electrica
connection, it is preferred that as shown in Fig.6 the thermal adhesive
resin layer 8 is interposed between thél%kemni conductor element 1 and the

filn)carrier. In Fig.6(d), the thermal adhesive resin layer 8 is
provi ded on the filmcarrier.

In Fig.5, material constituting insulating film 2’,
as in the case of the insulating support 2, is not restricted
to particular one if it has insulating property, and can be
used irrespective of thermosefting xesins or thermoplastic
‘resins. Examples of such material include polyester resins,
epoxy resins, ure@hane resins, polystyrene resins, polyethylene
resins, polyamide resins,' polyimide resins, ABS resins,
polycarbonate resins, and silicone resins. Among these, a film
made of polyimide resins is particularly preferred from the
standpoints of heat-resistant property and me,chén?.cal strength.

The lead 3°’ to be provided on one-sﬁ?face of the
insulating film 2’ is made of a insulating material including
metals such as gold, silver, copper, nickel or cobaltj or
alloys containing ' these metals as a mgjor component And is
‘electrically connected to the semiconductor element 1. The
lead 3 is also formed into a desired linear pattern so that
the semlconductor element 1 can function properly.

The through-holes 4 to be formed in the insulating
film 2' are important in order to connect the lead 3’ to the

i outer connecting electrode 7. Therefore, in a region of the
insulating film 2‘ where the lead 3’ is connected thereto and
"in the vicinity of that region, there are formed at least one
of minute through-holes 4 which are apart from each other with

a distance smaller than the width of the lead 3’ and which run

in the direction of the thickness of the insulating film 2°%.
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However, the thermal adhesive resin |layer 8 may be attached to a silicon
waf er of the sem conductor elenent to which dicing is applied or not
applied, and then it nay be adhered to the film carrier, as shown in
Fig.7. After the thermal adhesive resin is nelted by heat or

di ssolved in a suitable solvent, it can be charged into the through-holes
4 which are not charged with the netat hterial 5, followed by drying it
with heat to obtain the thernmal adhesive resin layer 8. It follows that

the surface of the sem conductor element 1 on which the outer connecting
el ectrode '

The through-holes 4 are formed by means of machining
processing, laser processing, light processing, chemical
etching, étc., so- that a desired hole size and a desired
distance between holes can be ogfained. Irradiation with an
excimer laser beam is preferably used for forhing the
through-holes. It is preferred that in order to decrease an
electric resistance of a metal material tolbé deposited in the
through-holes of the following step, .the size of the
through-holes 4 is made as large as possible to such an extent
that the adjacent through-holes 4 are not connected to each
othex, and the distance between holes is made as small as
poséible to increase the number of the through-holes 4 which
are in contact with the lead.

Among such through-holes 4 thus obtained,  in the.
through-holes that are formed in a région of the iﬁsulating
film where the lead 3’ is in contact therewith, there is formed
a cpnductive passage by charging the metal material 5 therein.
A bump-like metal protrusion having a height of several
micrometers to tens of micrometers (for example, from about 0.5
to 100 um, preferably from about 10 to 80 pum, but depending on
the intended use) is formed on the metal material 5, thereby
obtaining the film carxier of the present invention.

The conductive passage made of the metal méterial 5

and the bump-like metal protrusion are formed only in the
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7 is provided and a connecting region at which the sem - conductor el enent
connects to the filmcarrier are conpletely - covered and protected.

In addition, when the thernal adhesive resin is charged into the

t hr ough- hol es using the above nmethod, air existing in a space in which the
resin layer is to be forned is

This is the repl acenent sheet - 19 -

through-holes that are in contact with the lead 3’ by
conducting electroplating using the lead 3’ as an electrode.

The metal material charged in the through-holes 4 and
the bump-like metal protrusion, which are provided in.the'film
carrier of <the present iﬁvention, may be formed into a
multi-layered structure as in Fig.4 made of a plurality of
metal materials as in.the case of the wiring substrate of the
present invention.

The bump-like metal protrusion 6, which constitutes
the film carrier, is connected to an outer connecting electrode
7 formed on one surface of the semiconductor eleméﬁt 1, thereby
obtaining the desired semiconductor devicé.-

Figs.6(a) to 6(e) are views showing a sequence of
process steps to manufacture a semiconductor device in which-
the semiconductor.element 1 is connected to a film carrier made
by providing a thermal adhesive resin layer 8 on a surface of
the insulating film 2; on which tﬁe bump-like metal protrusion
is formed.

Fig.6(a) is a sectional view wherein the
through-holes 4 is provided in the insulating film 2’ with the
lead 3’ in the same manner as in Fig.3(b). |

Fig.6(b) is a sectional view wherein in oxdexr to
change the through-holgs contacting the 1lead 3’ into a
conductive passage, the through-holes is filled with the metal

material 5 on which the bump-like metal protrusion 6 is formed.
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- 23 - expelled fromthe space. As a result, voids are not formed in
the resin layer thus produced, so that reliability is nuch increased.
The sem conduct or devi ce produced by using the film carrier according to
the present invention is connected to the I|and portion of an outer
substrate by way of a connecting |lead, thus providing a nounting
structure. This connection is -~ 20 -

Fig.6(c) is a perspective view of Fig.6(b)

Fig.6(d) is a sectional view wherein the thermal
adhe?sive resin layer 8 is provided on the surface of the
insulating film so as to cover the bump-like metal protrusion
6.

Fig.6(e) is a sectional view -of a semiconductor
device which has the semiconductor element 1 connected thereto.

In Fig.6(d), the thermal adhesive xresin layer 8

. covering the top of the bump-like metal protrusiop 6 is removed
due to its spreading when thermocompression bonding is carried
out as shown in Fig.6(e), so that the bump-like metal
protrusion 6 is ele;tricglly connected to the outer connecting
electrode 7 formed on the semicondﬁctor element 1. At this
time, the thermal adhesive resin of the resin layer 8 is
introduced into and filled with the through-holes that are not
charged with the mgfal material.

The thermal adﬁésive resin layér 8 is not necessarily
provided on the insulating film in such a way as to cover the
bump-like metal protrusion 6 as shown in Fig.é(d), instead, it
may be made thinner so that the upper portion of the bump-like
metal protrusion can be exposedi

| The thermal adhesive resin layer 8 used in the
present invention is extremely important in order to increase
the electrical, mechanical, and chemical reliability of the

semiconductoxr device. The material of the resin layer 8 can be
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referred to as- an outer |ead bonding. Fig.8 is a sectional view
showi ng such nounting structure. In Fig.8, the sem conductor
elenent 1 is nmounted on a filmcarrier conprising the insulating film?2'
whi ch has the connecting |ead 3 on one surface thereof. The insul ating
film 2' has a bunp-like metal protrusion (which is not shown in Fig.8 and
which is provided at the |ower surface 2 ¢he insulating film2'). The
insulating film2" is connected to a netal wiring 10 (i.e., a land
portion) on the outer substrate

used irrespective of thermosetting resins such as epoxy resins
or themmoplastic resins such as fluorine-contained resins.
Examples ©f such material include polyimide resins, epoxy
resins,silicone resins and fluorine-contained resins.

The thermal adhesive resin layer 8 can be formed by
coating with the resin material the entire surface of the
insulating film on which the bump-like metal protrusion is
provided &‘by coating with the‘resin material the insulating
film 'su_rface so that the coated resin material can form a
definite pttern. In addition, the resin lgyér 8 may be formed
by puttinga film-like or a ribbon-like thermal.;dhesive resin
material otthe insulating film.

Wen the semiconductor element 1 is connected to the
fiim carrie:by way of Fhe thermal adhesive resin 8, a layer of
thermal adhsive resin is formed between the film carrier and

“+he semicOhictor element, and the through-holes are filled
with the 2desive resin, with the resulf that adhesion
bProperties ay électrical connections increase. ' since the
surface of th gemiconductor device is protected by the resin
layer, resin geal is effected simultaneously with the
electrical Cogection, leading to simplification of process
steps. Furthy, excess resins flow into the through-holes
which are not garged with the metal.material, thereby pushing
air out from the through-holes. It follows that the film

carrier does not crack, leading to high reliability.
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9 by way

of the bump-Ilike netal protrusion. Figs.9(a) and 9(b)

are respectively partially sectional views of the insulating filmin which

t he net al

material 5 is charged into the through-holes 4 and a bunp-1ike

metal protrusion is provided on the nmetal material. Fig.9(a) shows that

t he bunp-

charged with the netal material 5.- BRg-9(b) shows that a plurality of

|i ke metal protrusion is forned in each of the through-holes

t hrough-hol es 4 are

In the present invention, the film carrier is
electrically connected to fhe semiconductor element 1 by way of
the outer connecting electrode 7 and the bump-like metal
protrusion 6, thereby obtaining™a semiconductor device. In
oxder - t§ increase the reliability of the above electrical
connection, it is preferred that as shown in Fig.6 the thermal
adhesive resin layer 8 is interposed between the semiconductor
element 1 and the film carrier. In Fig.6(d), the thermal
adhesive resin layer 8 is provided on the film carrier.
However, the thermal adhesive resin layer 8 n;af bg attached to
a silicon wafer of the semiconductor element to whi:ch dicing is
applied or not applied, and then it may be adhered to the fiim'
carrier, as shown in Fig.7.

After the thexrmal adhesive- resin is melted by heat or

dissolved in a suitable solvent, it can be charged into the

“through-holes 4 which are not 'charged with the metal material

5, followed by drying it with heat to obta;'..n the thermal
adhesive resin layer 8. It follows that the surfac':e of the.
semiconductor element 1 on which the outer connecting electrode
7 is provided and a connecting region ét which the semi-
conductor element connects to the film carrier are completely

covered and protected.

'In addition, when the thermal adhesive resin is

charged into the through-holes using the abowve method, air

existing in a space in.which the resin layex is to be formed is

4
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- 24 - connected each other by way of the common bunp-I|ike netal

pr ot rusi on. Fig. 10 shows that a sem conductor device is nounted on the
nmetal wiring 10 (i.e., a land portion) by way of the bunp-Iike netal
protrusion shown in Fig.9(a). ' In the nounting structure of the
sem conductor device according to the ggesent invention, it is preferred
that a - - ' co

expelled from the space. As a result, voids are not formed in
the resin layer thus produced, so that reliability is much
increased. |

The semiconductor devite produced by using the film
carrier according to the present invention is connected to the
land portion of an outer su_bstrate by way of a connecting lead,
thus providing a mounting structure. This connection is
referred to.as an outer lead bonding.

Fig.8 is a sectional view showing such mounting
structure. . _

In Fig.8, the semiconductor element 1 J.S mounted on
a film carrier comprising the insulating film 2’ which has the
connecting lead 3’ on one surface thereof. The insulating film
2’ has a bump-like metal protrusion (which is not shown in
Fig.8 and which is .provided at the lower surface of the
insulating film 27). The insulating £ilm 2’ is connected to a
metal wiring 10 (i.e., a land portion) on the outer substrate
9 by way of the bump-like metal protrusion.

Figs.9(a) and 9(b) are respectively partially
sectional views of the insulating film in which the metal
material 5 J':S charged into the through-holes 4 and a bump-like
metal protrusion is provided on the metal material. Fig.9(a)
shows that the bump- like metal protrusion is formed in each of
the through-holes 4 charged with the metal material 5.

Fig.9(b) shows that a plurality of through-holes 4 are
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t hermal adhesive resin layer is interposed between a seniconductor device
and an outer substrate in order that a connecting region at which the
seni conduct or device connects to the outer substrate can be conpletely
shielded fromthe open air and connecting reliability can be increased.
For exanple, as shown in Fig. 11, it is preferred that the thernal
adhesive resin layer 8 having a thickné%s-of usually 5 to 50 [err]m
preferably 10 to 30 [err]mis provided on the surface of the insulating
film2' where the bunp-like netal protrusion is forned, thereby producing

a seni conductor device, and the sem conductor device thus obtained is
connected to the | and

connected each other by way of the common bump-like metal
protrusion. Fig.10 shows that a semiconductor device is
mounted on the metal wiring 10 (i.e., a land portion) by way of
the bump-like metal protrusion shown in Fig.9(a).
In the mounting structure of the semiconductor device
according to the present invention, it is preferred that a
thermal adhesive resin layer is interposed befwéen a
. semiconductor device and an outer substrate in order that
a connecting region at which the semiconductor device connects
- to the outer substrate can be completely shieldea from the open
air and connecting relia}?ility can be increased. For example,
as shown in Fig.ll, it is preferred that the thermal adhesive
resin layer 8 having a thickness of usually 5 to 50 upm,
preferabiy 10 "to 30 um -is provided on the surface of the
insulating film 2’ where the bump-like metal protrusion is
formed, thereby producing a 'semiconductor device, and the
semicondju-ctor device thus obtained is connected to the land
-portion of an auter substrate.. As shown in Fig.1l, the thermal
adhesive resin layer 8 intexposed between the film carriexr and
the outer substrate is formed in advance. However, the thermal
adhesive resin layer may be formed by using a method in which
a thermal adhesive resin is charged between a film carrier and
an outer substrate through minute through-holes which are not

filled with metal material.
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portion of an outer substrate. As shown in Fig.ll, the thermal adhesive
resin |l ayer 8 interposed between the filmcarrier and the outer substrate
is formed i n advance. However, the thermal adhesive resin |ayer may be
formed by using a nmethod in which a thermal adhesive resin is charged
between a filmcarrier and an outer substrate through m nute through-holes
which are not filled with netal materi26. -

Fig.12 is a sectional view showing a mounting
structure comprising a semiconductor device obtained by using
such a method.

| In Fig.lz, the semicomductor element 1 is mounted on
the film carrie; comprising the insulating film 2’ having the
lead 3’ on one surface thereof. The insulating film 2’ has a
bump-like metal protrusion (which is not shown in Fig.l2 and
which is provided at the lower surface of the insulating film
2’). The insulating film 2’ is connected to the metal wiring
10 (i.e., a land portion) of the outer subgtfate 9 by way of
the bump-like metal protrusion. The thermal é&hesive resin
layer 8 which is attached to the insulating £film 2" as a
support is bonded under pressure to the lead 3’ formed on the
insulating film 27.

Figs.l13(a) and 13(b) are respectively partially
sectional views showing in a.magnified fashion a method for
obtaining the mounting'struptufe shown in Fig.l2. .

Fig.13(a) shows a state prior to connectioﬁ.
Fig.13(b) shows a state after connection. In Fig.l3(a), the
adhesive layer 8 is provided on the insulating £ilm 2" so that
it can face the surface of the insulating film 2‘ having the
connecting lead 3’ thereon. Aﬁcordingly, the insulating film
2’ can be bonded with pressure to the outer substrate 9 in such
a way that the land portion 10 of the outer substrate 9 is

5 connected to the bump-like metal protrusion. As a result, as
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- 25 - Fig.12 is a sectional view show ng a nounting

structure conprising a sem conductor device obtained by using such a

nmet hod. In Fig.12, the sem conductor element 1 is nounted on the
filmcarrier conprising the insulating film?2' having the |ead 3 on one
surface thereof. The insulating film2' has a bunp-like netal protrusion
(which is not shown in Fig.12 and - 26 - :

shown in Fig.13(b) an adhesive in the adhesive layer 8 is
charged with pressure into a space between the outer substrate
9 and the insulating film 2’ through the minute through-holés
4 which are not filled with the- metal material, so tha£ the
land portion 10 and the vicinity thereof are covered with the
adhesive resin. It follows that the electrical conduction is
stabilized and the stabilization against mechanical and thermal
shock is attained.

The insule.xting film 2" used as a support can be made
qf the same material as that of the above notgd insulating film
2°. .

"The thermal adhesive resin may be charged with
pressure by using any method if it can charge the resin into
the through- holes. Particularly preferred is a hot press
method in which the fluidity of the resin is raised by applying
heat and the fluid resin is éharged with pressure. The hot
press method may be carried out under the conditions of
preésure of 5 to 500 ]_cg/cmz, preferably 20 to 300 kg/cm? (when
the outer substrate is made of a brittle material such as
glass, the pressure is preferably about 5 to 100 kg/czhz),
temperature of 50 to 200 °C, preferably 100 to 180 °C and time
of 10 to 300 seconds., preferably 10 to 120 seconds.

It is preferred that as shown in Fig.13, the thermal
adhesive resin is used in a film-like shape from the standpoint .

of workability and the accuracy of charged amounts.
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which is provided at the |lower surface of the insulating film 2'). The
insulating film2' is connected to the netal wiring 10 (i.e., a land
portion) of the outer substrate 9 by way of the bunp-1like netal
protrusion. The thermal adhesive resin layer 8 which is attached to the

insulating film2" as a support is bonded under pressure to the lead 3
formed on the insulating film2'. - 27 - Figs.13(a) and 13(b) are
respectively partially sectional views showing in a magnified fashion a
met hod for obtaining the nounting structure shown in Fig.12.

Fig.13(a) shows a state prior to connection.

The mounting structure of the semiconductor device
shown in Figs.8 and 12 according to the present invention is
produced by connecting the lead 3’ to the land portion 10 by
way of the through-holes 4 filed with the -metal material
provided in the insulating film 2‘. In addition to this, as
shown in Fig.l1l4, the mount_:ing structure of the semiconductor
device accoxding to the present inventioh. can also be obtained
by directly connecting the lead 3’ to the land portion 10. 1In
the mounting structure shown in Fig.l4, since a metal material
need not be charged into the through-holes provided in a region

" of the insulating film where outer bond_in'g (i.e., the land
portion) is to be conducted, . manufacturing steps can be
reduced. |

Fig.l4 is a sectional view showing another embodiment
of the mounting structuré according to the present inventior;.

In Fig.l4, the semiconductor element 1 is mounted on
the film carrier comprising thé insulating f£ilm 2‘ having the
connecting lead 3’ ‘on one. surface thereof. The connecting lead
3’ formed on the insulating film 2‘ having the through-holes 4
is directly connected to the land portion 10 providéd on the
outer substrate 9. When this connection is carried .out,
thermal adhesive resin is charged with pressure into the
through-hole 4, so that a connecting region and the vicinity
thereof are reinforced and covered with the - resin. .- The.

semiconductor element 1 is electrically connected to the
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Fig.13(b) shows a state after connection. In Fig.13(a), the adhesive |ayer
8 is provided on the insulating film?2" so that it can face the surface of
the insulating film2' having the connecting lead 3' thereon. Accordingly,
the insulating film 2' can be bonded with pressure to the outer substrate
9 in such a way that the land portion 10 of the outer substrate 9 is
connected to the bunp-like netal protr@8ion. As a result, as

This is the replacenent sheet

connecting lead 3’ by way of the metal material S5 filled in the
through-hbles 4 of the insulating f£ilm 2’ as in the case of
Fig.5. However, such connection may also be carried out using
such a bump as used in cbnventiogal methods.

Fig.l15(a), Fig.15(b), Fig.1l6(a), and Fig.16(b) are
respectiQely enlarged sectional views showing a method in which
the film carrier shown in Fig.l4 is connected to the land
portion of the outer substrate. Specifically, Fig.l5(a) and
Fig.16(a) show a state prior to connection in which the thermal
adhesive resin layer 8 is.formed on the opposite side of the
surface of the insulating film 2’ on whicﬁ the coimmecting lead
3’ is provided. Fig.15(b) and Fig.16(b) show a state after
connection in which the thermal adhesive resin is charged with
pressure into a space between the film carrier and the outer
substrate 9 by way of the through-holes 4, so that a connecting
region and the vicinity thereof are covered with the resin.

Incidentally, Fig.ls(a) and Fig.15(b) show that the
sectional views are those taken in the direction parallel to
that of the connecting lead. Fig.l6(a) and Fig.lG(b) show that
the sectional views are those taken in the direction
perpendicular to that of the connecting lead. *

In the mounting structure of the semiconductor device
as shown in Fig.l14 to Fig.16, the minute through-holes 4 are
provided in the vicinity of a region of the insulating film

where the connecting lead 3’ is connected to the land portion

This is the replacement sheet
2 3 MAR 1997
Date:



- 26 - shown in Fig.13(b) an adhesive in the adhesive layer 8 is
charged with pressure into a space between the outer substrate 9 and the
insulating film2" through the m nute through-holes 4 which are not filled

with the-netal material-, so that the Iland portion 10 and the vicinity
thereof are covered with the adhesive resin. It follows that the
el ectrical conduction is - 29 -

10 of the outer substrate 9. However, instead, opeﬁings or

recesses having a larger size than that of the through-holes
may be provided, in order that the thermal adhesive resin can
be easily charged. Examples of sych openings or recesses are
shown in Fig.l.7 to Fig.20. In each of these figures, (a) shows
a sectional view, and (b) shows a plan view.

. Such openings or recesses can be ‘formed using
mechanical processiné, laser prb'cessing, light processing, and
chemical etching, etc. Amdng these processing methods,
irradiation with an excimer laser beam is preferably adopted.

It is preferred that the connecting ‘lead 3’ is
processed to form such a shape having no free ends as shown in
Fig.1l8 to Fié.zo from the stand point of the covering and
reinforcement of the lead. |

As menfioned above, acéording to the present
invention there are provi;ied‘ a wiring substrate or a film
carrier in whiéh a conductor pattern (or a connecting lead) is
formed on the one surface of an insulating support ‘(oxr a
insulating film); at least one of minute through-holes are
provided in a region of the insulating support (or the
insulating £ilm) where the conductor pattern (ox éonnecti_ng
lead) is in contact therewith and in the vicinity of that
region; a conductive'passage is formed in the through-holes

provided in a region of the insulating - support '{or -the
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stabilized and the stabilization against nechanical and thermal shock is

attai ned. The insulating film2" used as a support can be made
of the same material as that of the above noted insulating film 2'.

The thernal adhesive resin may be charged with pressure by using any
method if it can charge the resin into the through- holes. Particularly
preferred is a hot press nethod in whidéh-the fluidity of the resinis

Laised by applying heat and the fluid resin is charged with pressure. The
ot :

insulating £ilm) where the conductor pattern (or the connecting

lead) is in contact therewith; and

a bump-like metal protrusion is formed on the conductive

passage.

Therefore, when a'éemiconductor element is connected
to the wiring substrate or the film carrier, alignment accuracy
can Be made high. Since anis.otropic conductive films or
paints, which are considerably expensive, are not used, lower
costs are effected, and the reliability of electric connection
is increased.

The electric connection area is free to be designed .
by selecting the size of the through-holes and the distance
between holes, with the result thaﬁ_the miniaturization of the
connection area can be:realized. |

Espécially, when the thermal adhesive resin layer is
used, the connecting region and the vicdinity of the region are
completely shielded from the 6ben air, with the result that
connecting reliability can be further increased and the
connecting strength is also increased.

When the semiconductor device produced by using the
film carrier is mounted on the outer substrate, the reliability
of the electrical connection is increased and alignment can be
easily conducted since there is used such a insulating film
having conductive through-holes therein connected to the: 

semiconductor element. When the thermal adhesive resin layer ?
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press nmethod may be carried out under the conditions of pressure of 5 to
500 kg/cnR2, preferably 20 to 300 kg/cnR2 (when the outer substrate is nade
of a brittle material such as glass, the pressure is preferably about 5 to
100 kg/cnmR), tenperature of 50 to 200 [err]C, preferably 100 to 180 [err]C
and tinme of 10 to 300 seconds, preferably 10 to 120 seconds. It
Is preferred that as shown in Fig.13,-t3®e {hermal adhesive resin is used

ina filmlike shape fromthe standpoint of workability and the accuracy
of charged anounts.

is interposed between the semiconductor device and the outer
substrate, the electrical conduction is strengthen and the
stabilization against.mechanica%_and thermal shqck is attained.
Further, since the conneéting portion and the vicinity thereof
are covered with the thermal adhesive résin , even in such a
semiconductor device having a number of pins, leakage of
current will not occur between pins, thereby: obtaining an
extremely high connection reliability.

Cohtrary to prior arts in which a connecting lead is
" alone exposed in the space of a semiconductor device, in the
film carrier of the present invéntion, the lead is supported on
the insulating film, so that the bending strength of the lead
itself increases and the bending and breaking of the lead will
not  occur: It follows that operating efficiency‘ and
5 productivity increases. .

The following experiﬁenf has been performed to prove
the bending strength. of the lead according to the present
invention.

A polyimide precursor solution was coated on a copper
foil of 17 pm thick so as to ﬁave a coating thickness of 25 pm
and hardened, thereby forming a two lajefed film which acts as
the support of a film carrier. A resist was coated on the
surface of the film on.which the copper foil was formed, and.
then exposing, developing, and etching were conducted to form

a pattern having a lead portion thereon. The width of the lead
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- 27 - _ The nounting structure of the sem conductor device
shown in Figs.8 and 12 according to the present invention is produced by
connecting the lead 3' to the land portion 10 by way of the through-hol es

4 filed with the netal material provided in the insulating film2' . In
addition to this, as shown in Fig.14, the nounting structure of the
sem conduct or - 32 - :

was 60 um. Dry etching was effected to the surface of the
support on which the copper foil was picovided using a laser
beam of ultraviolet regions, so that part of the inéulating
film (i.e., polyimide £ilm) .i?nterposed betw-een leads was

) removed, thereby obtaining the film carrier in which the
insulating f£ilm remained on the back surface of the lead. The
transverse cross section of the insulating :Eil:ﬁ showed a
trapezoid having a upper base of 80 um and a lower base of 60
pm.

It was found that when the film carrier having 120
pieces of leads was produced using the above method, bending or
breaking of leads did not occur, whereas in a conventional film
carrier in which leads were exposed, breaking occurred in 24
pieces of leads.

It is preferred that in order to secure connection
due to the bump-like metal protrusion provided at the
insulating film, after the bump-like metal protrusion is
formed, a part of the insulating f£ilm which surrounds the metal
protrusion is removed by etching, so that the thickness of the
insulating film is made thin, thus increasing the height of the
bump-like metal protrusiop. In this case, it is preferred that
the thickness of the insulating film is reduced in order that
it can be 5 to 200% of the bump diameter frém the standpoint of
the balance between the bending strength and the connection

reliability.
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device according to the present invention can also be obtained by directly
connecting the lead 3 to the land portion 10. In the nounting structure
shown in Fig.14, since a netal material need not be charged into the

t hrough- hol es provided in a region of the insulating filmwhere outer
bonding (i.e., the land portion) is to be conducted, manufacturing steps
can be reduced. Fig.14 is-a%ectional view show ng anot her
enbodi ment of the nounting structure according to the present invention.
In Fig.14, the sem conductor elenent 1 is nounted on

While the invention has.been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various chﬁnges and
modifications can be made therein without departing from the

spirit and scope thereof.
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the filmcarrier conprising the insulating film2' having the connecting
l.ead 3' on one surface thereof. The connecting lead 3' fornmed on the
insulating film2" having the through-holes 4 is directly connected to the
I'and portion 10 provided on the outer substrate 9. _ . Wen this connection

Is carried out, thermal adhesive resin is charged Vi i eplaged t he
of are
t 1is

t hrough-hole 4, so that a connecting fe34on and the v
rei nforced and covered with the resin. The sem co t
el ectrically connected to the

WHAT IS CLAIMED IS:

1. A wiring substrate comprising:

a conductor battern which has a bonding pad and is
formed on the rear surface of ;ﬁ insulating support;

at least one of minute through-holes which are
provided in a xegion of gaid insulating support where said
bonding pad is iﬁ_contact thexrewith, or which are.providéd in
a.région of said insulating support where said bonding pad is
in contact therewith and the vicinity of said region, said
through-holes running in the direction of the thickness of said

' insulating support;

a conductive passage which is made of a metal
material and which is formed in said through-holes that are
provided in a region of said insulatihg support where said
bondlng pad is in contact therewith; and .

' a bump-like metal protrus;on which is formed on. sald
conductiﬁe passage. and which is protruded from the £ront
surface of said insulating suppgrt.

2. The wiring substrate according to claim 1,
wherein said insulating support is made of a polyimide film.

3. A method for manufacturing a wiring substrate
comprising:

(2) forming a conductor pattern having a bonding pad

on at least one surface of an insulating support;

Uy e e ropiacement e
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- 28 - connecting lead 3' by way of the nmetal material 5 f|IIed in the
through-holes 4 of the insulating film2' as in the—ecase-of Fig.5.

However, such connection may al so be carried out usi- such bunp as ‘used
i n conventional nethods. Fig.15(a), Fig.15 lacednd
Fig.16(b) are respectively enlarged sectional views I od I n

whi ch - 35 -

(b) forming, in a region of said insulating support
where said bonding pad is in contact therewith, or in a region
of said insulating support where said bonding pad is in contact
therewith  and the wvicinity of said region, at least one of
minute through-holes being apart from each other with a
distance smaller than the width of said bonding pad and running
in the direction of the thickness of said insulating support;
and

(c¢) conducting eléctroplating using said conductor
pattern as an electrode after masking the. surface of said

. insulating support on which said conductor pattern is formed,
thereby depositing and growing a metal material in said
through-holes that are formed in a region pf said insulating
support where said bonding pad is in contact therewith, so that
a conductive passage is formed in said through-holes, and
subsequently forming a bump—iike metal protrus;ion on said
conductive passage.

4. The method according to claim 3, wherein said
insulating support is made of a polyimide film.

5. The method according to claim 3, wherein 'in
said step (c), after the thickness of said conductive passage
formed in said through-holes becomes a predetermined value,
said insulating support is immersed in a solder bath to charge

the solder into said through-holes, thereby depositing said
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the filmecarrier shown in Fig.14 is connected to the land portion of the
outer substrate. Specifically, Fig.15(a) and Fig.16(a) show a state prior
to connectien—n-which the thermal adhesive resin layer 8 is formed on the

opposite siq. surface of the insulating film2' on which the

. Qf -the
connecting | &3gteoianas ptled. Fig.15(b) and Fig. 16(b) show a state
after conne ﬂﬂ the thernat 36hesive resin is charged with
pressure int en the filmcarrier and the outer substrate 9

by way of the through-holes 4, so that a connecting region and the
vicinity thereof are covered with the resin.

metal material on éaid conductive passage and forming said.
metal protrusion on said metal material. o

6. A film carrier comprising:

an insulating film having a lead .on' one surface
thereof; |

at least one of minute through-holes which are
provided in a region of said insulating £film where said lead is
in contact therewith, or which are provided in'a region of said
insulating film where said lead is in contact therewith and
the vicinity of said region, said through-holes. n;nning in the
direction of the thickness of said insulating film;

a conductive passage which is made of a metal
material which is formed in said through-holes that are
provided in a region of said insulating film where said lead is
in contact therev'vith;. and -

a bump-like metal protrusion which is formed on said
conductive passage and which is protruded from the opposite
side of the surface of -said insulating f£ilm on which said lead
is formed.

7. The film carrier according to claim 6, wherein
said conductive passage is formed by depositing a metal
material.

8. The film carrier according to claim 7, wherein

said metal material is deposited by plating.

e
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I nci dental ly, Fig.15(a) and Fig.15(b) show that the sectional viems are
those taken in the direction parallel to that of t¥F ead.

Fig.16(a) and Fig.16(b) show that the sectional V|eq§ g}hgggﬁgb ked |n
the direction perpendicular to that of the connecti ng mM l“

the nounting structure of the sem conductor device
Fig.16, the mnute through-holes 4 are37provided in th

region of the insulating f|In1 where the connecting lead 3' is connected to
the | and portion

14 tO

9. The film carrier according to claim 6, wherein
said conductive passage is formed into a multi-layered
structure of a plurality of metal materials.

10. The film carrier according to claim 6, wherein
a thermal adhesive resin layer is provided on the surface of
said insulating film on which said bump-like metal protrusion
is formed.

11. A semiconductor device comprising a semi-
conductor element having an outer connecting electrode being
connected to said bump-like metal protrusion of said £ilm
carrier as defined in claim 6.

12. . The semiconductor device according to claim 11,
wherein a thermal adhesive resin layer is interposed between
said semiconductor element and said film carrier.

13. The semiconductor device according to claim 12,
wherein said thermal adhesive resin layer is previously
provided on the surface of said semiconductor element on which
said outér connecting electrode is formed.

14, The semiconducfor'device according to claim 12,
ﬁherein said thermal adhesive xresin layer is previously
provided on the surface of said film carrier on which said
semiconductor element is mounted.

15. The semiconductor device accoxrding to claim 12,

wherein a thermal adhesive resin is introduced into the minute

-
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- 29 - 10 of the outer substrate 9. However, instead, openings or

recesses having a larger size than that of the through-holes nmay be

provi ded, in order that—the-thermal adhesive resin can be easily charged.
Exanpl es of 34gbheefighb jecesses are shown in Fig.17 to Fig.20. In
each of these Immﬂ" Eﬁ' cﬁows a sectional view, and (b) shows a plan
Vi ew. - 38 -

through- holes in that said conductive passage is not formed,
£hereby forming said thermal adhesive resin layer.

' 16. A mounting structure of a semiconductor device
comprising an outéer substrate and the semiconductor device as
defined in claim 11 obtained by connecting a semiconductor
element to a film carrier comprising an insulating film having
a lead on one surface thereof, said’ mounting structure
comprising:

at least one of minute through-holes which are
provided in a bonding region of said insulating film where a
land portion of said outer substrate is in contact therewith,
or whiﬁh are provided- in a bonding region of said insulating
f£ilm where a land portion of said outer substrate is in contact
“therewith énd the vicinity of said bonding region;

a metal material which- is charged into said
through-holes that are providéd in said bonding region; and

a bump-like metal protrusion formed on said metal
material; said lead being connected to said land portion
through said bump-like protrusion.

17. The mounting structure of a semiconductor
device according to claim 16, wherein said metal material is a
solder.

18. The mounting structure of a semiconductor

device according to claim 16, wherein a thermal -adhesive resin

ORI s s e reptacoment sheet
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Such openings or recesses can be forned using nechanical processing, |aser
processing, light processing, and chemcal etching, etc. Anong t hese
processi ng nethods, irradiation with an excinmer |aser beamis preferably
adopt ed. It is preferred that the connecti ﬁglssmd-laSBeméleplaced

processed to form such a shape having no free ends as Mluw l)" 18 to
t

Fig.20 fromthe stand point of the coweB®9ng and reinf e Iead
As mentioned above, according to the present invention ere are provid
a Wwring substrate or a film

layer is interposed between said film carrier and said outer

substrate.

19. The mounting structure of a‘ seniconductor

device according to claim 18, wherein a thermal adhesive resin
is introduced between said film carrier and said outer
substrate through said through-holes in that said metal
material is not charged, thereby forming said thermal adhesive

resin layer.

* ¢ L M s x
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carrier in which a conductor pattern (or a connecting lead) is formed on
the one surface of an insulating support (or a insulating filn); at |east
one of mnute through-holes are provided in a region of the insulating
support (or the insulating film where the conductor pattern (or
connecting lead) is in contact therewith and in the vicinity of that
region; a conductive.passage is f ormeet #A@ the through-holes provided in a

region of the insulatin port or the
WIRING SUBSTRA FILM RIER, SEMICONDUCTOR DEVICE

MADE BY USING THE FILM CARRIER, AND MOUNTING
STRUCTURE COMPRISING THE SEMICONDUCTOR DEVICE

ABSTRACT OF THE DISCLOSURE

A wiring substrate, a film carrier, a semiconductor
device made by using the f£ilm carrier, and a mounting structure
compr'i.sihg the semiconductor de¥ice are disclosed.

The wiring substrate compiises:

a conductor pattern®which has a bonding pa_.d.and is
formed on the rear surface of an insulating sﬁpport;

at least one of minute .through-holes which are
provided in a region of the insulating support where the
bonding pad is in contact therewith, or whigh-age provided in
a region of the insulating support where the bbnd;'.rig pad is in
contact therewith and in the vicinity of the region, the
through-holes running in the direction of the thickness of the
insulati.ng support;

a conductive passaée 'whic_:h is madé of a metal
material and which is formed ih the through-holes that are
. provided in ‘a region of the insulating support where the.

bonding pad is in contact therewith; and

a bump-like metal protrusion which is formed on the
conductive passage and which is protruded from the front

surface of the insulating support.
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- 30 -
lead) is in contact therewth;
on the conductive passage.

el ement is connected
al i gnnment accuracy

and a bunmp-Ilike netal

Ther ef or e,

-1 -

insulating film where the conduct or pattern (or the connecting

protrusion is forned

when a seni conduct or
to the wiring substrate or the filmcarrier,
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can be made hi gh. Si nce ani sotropic conductive filnms or paints, which
are consi derably expensive, are not used, lower costs are effected, and
the reliability of electric connection is increased. The

el ectric connection area is free to be designed by selecting the size of

t he through-holes and the distance between holes, with the result that the
m niaturization of the connection areaZan be realized.

Especial |y, when the thermal adhesive resin layer is used, the connecting
region and the vicinity of the reglon are conpletely shielded fromthe
open air, with the result t hat EX 4

. /

Fig. 6(5)
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connecting reliability can be further increased and the connecting
strength is al so increased. When t he sem conduct or devi ce
produced by using the filmcarrier is mounted on the outer substrate, the
reliability of the electrical connection is increased and alignnment can
be easily conducted since there is used such a insulating film having

conductive through-holes therein conneet2d to the sem conduct or el enent.
When the thermal adhesive resin |ayer

Fig. 6(4)
Fig. 6 (e)
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- 31 - I's interposed between the sem conductor device and the outer
substrate, the electrical conduction is strengthen and the

stabilization agai nst mechani cal and thermal shock is attained.

Further, since the connecting portion and the vicinity thereof are
covered with the thermal adhesive resin, even in such a sem conduct or
devi ce having a nunber of pins, |eakage ®f -~

::‘\\
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current will not occur between pins, thereby obtaining an extrenely

hi gh connection reliability. Contrary to prior arts in which
a connecting lead is al one exposed in the space of a sem conduct or
device, in the filmcarrier of the present invention, the lead is
supported on the insulating film so that the bending strength of the
| ead itself increases and the bendtny and breaking of the lead will

not occur. It follows that operating efficiency and 5
productivity increases. The foll ow ng experinment has been

performed to prove
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t he bending strength of the | ead according to the present I nventi on.

A:-pol yi m de precursor solution was coated on a copper foil of 17
[err]mthick so as to have a coating thickness of 25 [err]m and

har dened, thereby formng a two |ayered filmwhich acts as ~ the support
of afilmcarrier. A resist was coated on the surface of the filmon
whi ch the copper foil was fornmed, and - 6 -then exposing, devel oping, and
etching were conducted to form a pattern having a | ead portion

t hereon. The width of the |ead
This is the replacenent sheet
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- 32 - was 60 [err]m Dry etching was effected to the surface of the
support on which the copper foil was provided using a | aser beam of
ultraviolet regions, so that part of the insulating film¢(i.e., polyimde
film interposed between | eads was
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renoved, thereby obtaining the filmcarrier in which the insulating film
remai ned on the back surface of the |lead. The transverse cross section of
the insulating filmshowed a trapezoid having a upper base of 80 [err]m
and a | ower base of 60 [err]m It was found that when the film
carrier having 120 pieces of |eads was produced using the above nethod,
bendi ng or breaking of |eads did not vctur, whereas in a conventional film
carrier in which | eads were exposed, breaking occurred in 24 pieces of

| eads. :
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It is preferred that in order to secure connection due to the burrp-'I"‘iaﬁ"g'?"“"'j

met al protrusion provided at
metal protrusion is forned,
t he et al

net al protrusion.

insul ating fi '{%ﬁ eq

di ameter from

)

the insulating
a part of the in

protrusion is renoved by etching,
insulating filmis made thin,
In this case

th:JS : ncr;&m ng
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T RISING THE SEMICONDUCTOR DEVICE

ABSTRACT OF THE DISCLOSURE

A wiring substrate, a film carrier, a semiconductor
device made by using the film carrier, and a mounting structure
comprising the semiconductor de?ice are disclosed.

The wiring substrate co;npfises:

a conductor pattern-which has a bonding pad.and is
formed on the rear surface of an insulating sizpport ;

at least one of minute _through-—holes which are
provided in a region of the insulating support whexre the
bonding pad is in contact therewith, or which .az_'e provided in
a region of the insulating support where the bond}.ng pad is in
conteict therewith and in the vicinity of the region, the
through-holes running in the direction of the thickness of the
insulati.ng support;

a conductive passaé.e 'whiéh is made of a metal

material and which is formed in the through-holes that are

. provided in a region of the insulating support where the

bonding pad is in contact therewith; and
a bump-like metal protrusion which is formed on the
conductive passage and which is protruded from the front

surface of the insulating support.
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wi th reference to specific enbodinents thereof, it will be apparent to one
skilled in the art that various changes and nodifications can be made

‘therein wi thout departing fromthe spirit and scope thereof.
- 34 - _
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1. ~ A wring substrate conprising: , .a conductor pattern which is

f:ormed on the rear surface of an I nsul ating support (2); hol es
(4) which are provided in said insulating support (2), said hol es (4)
running in a direction of the thickness of said i nsul ati ng support;

a conductive passage which is made of a rret al material and which is
formed in said holes (4), and -3 '
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Fig. 6(e)
[ [ :
22223 w—;*f.? _ /
< ”? ol 7
S R & e e N N Tt
(1 SN e — 57
‘Fig. .7

S —

S

8 %,
-.;'
.

o

~ This is the replacement sheet

Date:



a bunp-like metal protrusion (6) which.,is formed on said conductive

passage and which is protruding fromthe front surface of said

i nsul ating support (2), characterised in that several of said
holes (4) are provided in a contact region of said insulating support
(2) in which contact region a bonding pad (3) as part of said ,
conductor pattern is in contact with safd- I nsul ating support (2)
wherein said holes are at | east sone of plurality of through-:holes (4)
in said insulating support. 2. Wring substrate according to _claim1,
characterised in that said insulating support (2) is nade of a

polyimde film
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- 35 - 3. A nmethod for manufacturing a wring substrate according to

claim1, conprising the steps of: (a) formng a conductor pattern
havi ng a bondi ng pad (3) on at | east one surface of an

i nsul ating support (2); (b) formng, at least in a contact region
of said insulating support (2), in which region said bonding
pad (3) is ~in contact Wit H shid I nsul ating support, a plurality
of t hrough- hol es (4) being apart fromeach other with a

Fig. 12 £ )
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di stance smaller than the wdth of said bonding pad (3) and
rrunntng in the direction of the thickness of said i nsul ati ng
support (2), and (c) conducting electroplating using said
conductor pattern as an el ectrode after masking the surface of
said insulating support (2) on which said conductor pattern is
f or med, t hereby depositing &na growing a netal material in said
t hrough-holes (4) that are forned in said contact region of
said insulating support, so that a conductive passage is forned
in said through-holes (4) and subsequently form ng a bunp-1ike
netal protrusion (6) on said conductive passage. 4, Met hod
according to claim3, characterised in that said i nsul ati ng support
(2) is made of a polyimde film 5. Met hod according to claim 3,
characterised in that in said step

Fig. 13(a) : Fig. 13 (b)

?r.zg
%

This is the replacement shest

Date: 2 2 MAY iggf



(c), after the thickness of said conductive passage forned on said
t.hr ough- hol es becones a predeterm ned val ue, said I nsul ating support
is inmrersed in a solder bath to charge the

- 36 - sol der into said thorough-holes (4), thereby depositing said
metal material on said conductive passage and form ng said met al
protrusion on said netal material. 6. " TAfilmcarrier conprising:
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an fnsulating film(2') having a lead ((3') -on one surface thereof;

at least one hole (4) which is provided in a contact region of sai d
insulating film(2'), in which region said lead (3') is in cont act
with said insulating film said hole (4) running in the direction of
thi ckness of said insulating film a conductive passage which is
made of a netal material (5) form®d =i n said hole (4), and a
bunp-1ike metal protrusion (6) which is formed on said conductive
passage and which is protruding fromthe opposite side of the surface

of said insulting firm(2') on which said |ead (3") is forned
characterised in that

Fig. 17(a) Fig. 18(a)
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t he vseveral hol es (4) which are at |l east sone of said pluralityme?t-8 2 of
t irough-hol es of said insulating film(2') are provided in said

cont act

region of said insulating filmand said lead (3'). 7. The film

carrier according to claim®6, characterised in that said nmet al

mat eri al

(5) of the conductive passage is a netal mat eri al deposited

I n the through holes (4). -37-

CLAIMS ~ | | W

- 34 -
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A wiring substrate comprising:

a conductor pattern which is formed on the rear surface of an
insulating support (2);

holes (4) which are provided in said insulating support (2), said '
holes (4) running in a direction of the thickness of said
insulating support; '

'.a conductive passage which is made of a metal material and

which is formed in said holes (4), and

a bump-like metal protrusion (6) which is formed on said
conductive passage and which is protruding from the front
slirface of said insulating support (2), '

characterised in that

several of said holes (4) are provided in a contact region of
said insulating support (2) in which contact region a bonding
pad (3) as part of said cohductor p'attern is in contact with said
insulating support (2) wherein said holes are at least some of
plurality of through-holes (4) in said insulating support.

Wiring substrate according to claim 1, characterised in that
said insulating support (2) is made of a polyimide film.
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8. 'Filmcarrier accordi ng to claim?7, characterised in that said

netal material is a netal material deposited by plating. 9. Film
carrier according to claim®6, characterised in that said conductive
passage is fornmed into a nulti-layered structure of “a plurality of
netal materials (5a - 5c). 10. The filmcarrier according to claim§6,
characterised in that a t her mal ﬁ sive resin layer (8) is provided
in the surface of said |nsulat|ng film(2') appvheEENRSHERUND-1i ke
nmet al protrusion (6) is forned. 11. The filmcarrier according to
claim.6, characterised by a seni conduct or device conprising a

d
Connect ed Jo' sdh dethod fay manitegfydia X witiad Rite EasCee S |

carrier (2'). claim 1, comprising the steps of:

(a) forming a conductor pattern having a bonding pad (3) on
at least one surface of an insulating support (2);

(b) -forming, at least in a contact region of said insulating
support (2), in which region said bonding pad (3) is
in contact with said insulating support, a plurality of
through-holes (4) being apart from each other with a
distance smaller than the width of said bonding pad (3)
and running in the direction of the thickness of said
insulating support (2), and

(c) - conducting electroplating Usfng said conductor pattern as
| an eléctrode after masking the surface of said insu'lating
support (2) on Which s.aid conductor pattern is formed, |
thereby depositing and growing a metal material in said
through- holes (4) that are formed in said contact reglon
¥ - of said msulatmg support, so that a conductlve passage
" is formed in said through-holes (4) and subsequently
forming a bump-like metal protrus_ion‘(e) on said
conductive passage. | '

4. Method according to claim 3, characterised in that said
insulating support (2) is made of a polyimide film.

5. Method according to claim 3, characterised in that in said-step
(c), after the thickness of said conductive passage formed on
said through-holes becomes a predetermined value, said
insulating support is immersed in a solder bath to charge the

* c L M s *
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12.  The filmecarrier according to claim1l, characterised in that a
thermal adhesive resin |ayer (8) is interposed between said

sem conductor elenment (1) and said filmecarrier (2'). 13. The film
carrier according to claim 12, characterised in that said t hernal
adhesive resin layer (8) is previously pr?én ded on t he surface of said
sem conduct or elenent (1) on which said outerﬂgpmgpﬂ‘g trode (7)
i s forned. 14. The filmcarrier according to claim12 aracterised in
t hat said thermal adhesive resin layer (8) is previously provided on
the surface of said filmcarrier (2 whi ch said- sem conduct or

elenent (1) is §8IFR%EMNto said thorough)ho!es (4), thereby depositing said
metal material on said conductive passage and forming said
metal protrusion on said metal material.

6. A film carrier comprising:

an insulating film (2') having a lead (3') on one surface thereof;

at least one hole (4) which is provided in a contact region of
said insulating film (2'), in which region said lead (3') is in
contact with said insulating film, said hole (4) running in the
direction of thickness of said insulating film;

a conductive passage which is made of a metal material (5)
formed in said hole (4), and

'a bump-like metal protrusion (6) which is formed on said -
conductive passage and which is protruding from the opposite

. side 'of the surface of said msultmg flrm (2') on which said lead
(3 ) is formed

characterised in that

the several holes (4) which are at least some of said plurality
of through-holes of said insulating film (2') are provided in said
contact region of said insulating film and said lead (3’).

7. The film carrier according to claim 6, characterised in that said
metal material (5) of the conductive passage is a metal
material deposited-in the through holes (4).

Thiz iz g repiacement sheet
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- 38 - 15. The filmecarrier according to claim12, characterised in
t-hat : said thermal adhesive resin layer is forned by a thermal

adhesive resin (8) introduced into said through-hole (4) in whi ch said
conductive passage is not forned. 16. A nounting structure for nounting
a sem conductor device havi ng an outer-connecting el ectrode (7)

conprising a " substrate (9) and a fiBmTarrier Pt ACHVBERT SPIEET @i M 6,
wherein sai d outer-connecting electrode (7) is connected to said bunp-
| i ke metal protrusions (6) of said filmcarrier (2'), and a
plurality of through-holes (4) are additionally provided at

8. Film carrier according to claim 7, characterised in that said
metal material is a metal material deposited by plating.

9. Film carrier according to claim 6, characterised in that said
conductive passage is formed into a multi-layered structure of
a plurality of metal materials (5a - 5¢). |

10. The film carrier according to claim 6, characterised in that a
thermal adhesive resin layer (8) is provided in the surface of
said insulating film (2') on which said bump-like metal
protrusion (8) is formed.

11.  The film carrier acc;or.ding to claim 6, characterised'by a
semiconductor device comprising a semiconductor element
' héving an outer-connecting electrode (7) connected to said
bump-like metal protrusions (6) of said film carrier (2. |

12. The film 'carrier- accor_d_ing to claim 11,'cha_récterised in that a
. thermal adhesive resin layer (8) is interposed between said
sémiconductor element (1) and said film carrier (2').

13.  The film carrier according to claim 12, characterised in that
said thermal adhesive resin layer (8) is previously provided on
the surface of said' semiconductor element (1) on which said
outer-connecting electrode (7) is formed.

14. The film carrier according to claim 12, characterised in that
said thermal adhesive resin layer (8) is previously provided on
the surface of said film carrier (2'), on which said
semiconductor element (1) is mounted.
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Ieasf in a bonding region of said insul ating film(2') in which regi on

said insulating filmis in contact with a |and portion (10) of said
substrate (9); . a netal material (5) is charged into said additional

t hr ough- hol es (4) that are provided in said bonding region, and
bump-1i ke nmetal protrusions (6) are fornmed gn said netal material (5),
a lead (3') being connected to said land p on (19) through said
bunmp-1i ke protrusions (6). 17. The nounting s ng to claim
16, characterised in t hat adj acent burrp i kgEﬁééggm%wgeéﬁ i ons (6)
forma common bunP | i ke protrusjon. The nounti ng structure
accor di ng t o 1&-ai hhestine earHer ageasding to °|a'"i A2 charackerisfdigitBatal (5)

is a solder. said thermal adhesive resin layer is formed by a thermal

adhesive resin (8) introduced into said through-hole (4) in
which said conductive passage is not formed.

16. A mounting structure for mounting a semiconductor device
ha\/ing an outer-connecting electrode (7) comprising a
substrate (9) and a film carrier according to claim 6, wherein
said outer-connecting electrode (7) is connected to said bump-
like metal protrusions (6) of said film carrier (2'), and

a plurality of through-holes (4) are additionally provided at
least in a bonding fegion of said insulating film (2°) 'in which
region said insulating film is in cbntact with a land portion (10)
of said substrate (9); |

‘a méta_l material (5) is charged into said additional through-
holes (4) that are provided in said bonding region; and

ﬁ_,bump-like metal protrusions (6) are formed on said metal
material (5), a lead (3') being connected to sa___id land portion
~ (19) through said bump-like protrusions (6). '

17. The mounting structure according to claim 16, characterised in
that adjacent bump-like metal protrusions (6) form a common
bump-like protrusion.

18.  The mounting structure according to claim 16, characterised in
that said metal material (§) is a solder.
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- 39- 19. The mounting structure according to claim 16, characterised in
that a thermal adhesive resin layer (8) is interposed between sai d

filmcarrier (3') and said outer substrate (9). 20. A nounting structure
according to claim19, characterised in that sai d adhesive resin |ayer
(8) is fornmed by a thernmal adhesive resin (8) introduced between said

filmcarrier (3') and -39 - REPLACEMENT SHEET

19. The mounting structure according to claim 16, characterised in
that a thermal adhesive resin layer (8) is interposed between
said film carrier (3') and said outer substrate (9).

20. A mounting structure according to claim 19, characterised-in -
that said adhesive resin layer (8) is formed by a thermal
adhesive resin (8) introduced between said film carrier (3') and
said outer substrate (8) through sa'id through-holes (4) in which
said metal material (5) is not charged.
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sai'd outer substrate (9) through said through hol es (4) in which said
metal material (5) is not charged.. -

- 40 -
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WIRING SUBSTRATE, FILM CARRIER, SEMICONDUg¥gENgé%¥g£

MADE BY USING THE FILM CARRIER, AND MOUNTING
STRUCTURE COMPRISING THE SEMICONDUCTOR DEVICE

" ABSTRACT OF THE DISCLOSURE

A wiring substrate, a film carrier, é semiconductor
device made by using the film carrier, and a mounting structure
comprising the semiconductor de¥ice are disclosed.

The wiring substrate comptises:

a conductor pattern:which has a bonding pgd.and is .
formed on the rear surface of an insulating sﬁpport;_ |

at least 6ng of minute .through—holes which are
p&:ovided in a region of the insulating support where the
bonding pad is in contact therewith,.or whith.are provided in
‘a reglon of the insulating support where the bondlng pad is in
contact therew:.th and in the  vicinity of the reg:Lon, the
through-holes runnlng in the direction of the thlckness of the
insﬁlating support; |

a condﬁctive passage which. is made of a metal
materia{’and which is formed in the through-holes that are

. provided in é. region of the insulating support where the'
bonding pad is in contact therewith; and _ |

a bump-like metal protrusion which is formed on the
coﬁductive passage and which is protruded from the front

surface of the insulating support.

FIGURE 1
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