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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 carrier, as well as a 

mounting structure comprising the semiconductor device. 

BACKGROUND OF THE INVENTION 

A conventional method for mounting a semiconductor 

element on a· substrate for a circuit by means of wireless 

bonding includes a method in which a conductive bump is formed 

10 on an electrode surface of the semiconductor element, and then 

the bump is bonded to ~ bonding pad formed on the substrate; 

· and a method· .in which a conduc~i ve bump is f o:aned on a bonding 

pad of the substrate, and then the bump is bonded to an 

electrode surface of the semiconductor element. Such methods 

15 are disclosed in JP-A-50-10476 and JP-A-50-160774 (The term 

"JP-A" as used herein mean~ 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. 

, ·.;).:. 2'0,·~t - e.l.ectrode surface of the semiconductor element in advance, so 

that the semiconductor element will be contaminated and 

;,.,.:J."; . : ; , '. :;:ci.n j ured • In addition, both methods require that alignment 

: f:~ .- . . "\-" ";:. . ·. . . •.: . -~ 
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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 

I 5 

I 
a growing demand for thinning the wiring substrate. In order 

to form such a package, there is adopted a TAB (i.e., tape 

automated bonding} method in which a film carrier is used. 

~. 
' 

1. 

There have been known a varie_ty qf inner lead bonding 

methods in.which a semiconductor·element is bonded to a finger-

10 like lead. Among these inner lead bonding metho~_s; there has 

been proposed a method in which a bump ( i . e. , a protruded 

electrode) is formed on the electrode surface of a 

15 

semiconductor element, and a lead provided on a film carrier is 

bonded to the semicond~ctor element by way of the bump. 

However, the method using the b~p 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 

20 diffused, using sputter etching or evaporation, etc., 

respectively, followed by forming a .bump using, e.g., plating 

with gold. In addition, the.Jnethod is difficult to get rid of 

contamination or damage of a semiconductor device. 

Also, there has been proposed a method in which a 

25 bump is bonded to a lead provided on a film carrier, however, 
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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 ·particles such as 

carbon black, graphite, nickel, copper, silver, etc . are 

. dispersed in an insulating. resin film and the conductive 

10 

15 

-
particles are made to be oriented in the direction of the 

thickness of the film. A complex manufact·uring.. 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 lowered. 

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 

~ an outer lead bonding method, there are problems similar to 

those described above. 

20 Namely, when a semiconductor device is mounted on an 

outer substrate by' means o~ an outer lead bonding method, there 

is used a linea~ connecting lea£! made of conductive metals such 

as copper formed on a film carrier constituting the 

semiconductor device, and the connecting lead is connected to 

25 ·a metal wiring (i.e., a land portion). 
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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 protruded from the film 

car::i:-ier, 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 transparent electrode made of meta~ oxides such as 

10 a liquid crystal panel, it is necessary to metal;i,.ze the upper 

surface of the transparent electrode in advance so that 

soldering can be carried out. 

Recently, there-have been propo~ed methods in which 

a film carrier is connected to an· outer substrate using an 

15 anisotr~pic conductive film or paint as shown in JP-A-63-34936. 

However, such methods requ_ire high alignment accuracy and lead 

to high costs. 

SUMMARY OF THE INVENTION 

The present invention is intended to overcome the 

20 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 

-~ fs provided with the semiconductor device, wherein a bump can be 
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formed 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 

will be more apparent from the following description. 

The present inventors have attempted to overcome the 

above problems and have consequently found that when an 

insulating support, preferably an insulating film, comprising 

minute through-holes penetrating through the upper and lower 

surf aces of the film and a bump-like metal prot~sion which is 

10 fanned 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 semiconductor device made by using the film 

carrier, and a mou~ting structure provided with the 

15 semiconductor device 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 

20 fo:aned 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 support where the bonding pad is in 

25 contact therewith and the vicinity of the region, the through-
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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 

bon~ing pad is in contact therewith; and 

10 

15 

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: 

(a) forming· a conductor pattern having a bonding pad 

on at least one surfac7 of an insulating support; 

(b) forming, in a·region of the 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 

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 thickness of the insulating support; 

and 

( c) conducting electroplating using the conductor 

pattern as an electrode after masking the surface of the 

insulating support on which the conductor pattern is formed, 
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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 ~orming 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 insulating film having a lead on one surface 

10 thereof; 

at least one of minute through-holes .. which are 

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

in contact therewith, or which are p~ovided in a region of the 

insulating film where the lead is in contact therewith and .. 

15 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 metal 
. . 

material which is formed in the through-holes 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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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 furt.her aspect of the present invention, 

5 there is provided a mounting structure of a semiconductor 

device comprising an outer substrate and the above 

semiconducto.r device obtained by connecting a s~miconductor 

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 minute through-holes which are 

provided in a bonding region of the insulating film where a 

land portion of the outer substrate is in contact therewith, or 

which are provided in ':'- bonding region of the insulating fi_lm 

15 where a land portion of the outer substrate is in contact 

therewith and th~ vicinity of ·the bonding region; 

a metal material which is charged into the through­

holes that are provided in the bonding region; and 

a bwnp-like metal protrusion formed on the metal 

20 material; the lead being connected to the land portion through 

the bump-like protrusion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs.1 and 2 each are a cross sectional view showing 

one embodiment of a wiring substrate according to the present 

2!5 invention; 
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Figs.3(a) to 3(c) are schematic views embodying 

manufacturing steps to obtain one embodiment of a wiring 

substrate of the present invention; 

Fig. 4 is a cross sectional view showing another 

embodiment of a wiring substrate according to the present 

invention; 

Fig.5 is a cross sectional view showing one 

embodiment of a semiconductor device manufactured by using a 

·film carrier according to the present invention; 

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

steps to manufacture a semiconductor ·devi~e according . :·-; process 

to the present invention; 
.. -e;,. c .... 

,''.".·''"":":"·" Fig.7 is a view similar to that of Fig.6(d); 

.· ·.-:.: .. ···~1.:-

Fig.8 is a sectional view showing one embodiment of· 

mounting structure according to the present invention; 
·.·:· 

and are 
··:· ~:·.{-~. ·~-~~~.:~ .. ~~~ ~- .. 

Fi~s.9(a) 9.(b) respectively partially 

.. ,,;·. _·::~. :; ... sectional views . of an insulating film according to the present 
... 

<>.:.>-"~·· inventi~n; 
::~~:~;'_~::-~~-~~;i•;.·. 

Fig.10 is a sectional view showing a state in which 
l~i:~-~~~.::~~ ~ ·;_. ~-· ; . 
f.~icr~ft~'~ semiconductor device is mounted on a land portion by way of 
J!i~S:}°t(h~~1: ... · .. 

··.·.:<:the bump-like metal protrusion shown in Fig.9(a); 
;.:::.~ 

Fig.11 is a view similar to that of Fig.10 provided 

a thermal·adhesive resin-layer; 

Fig .12 is a sectional view showing another embodiment 

a.mounting structure according to the present invention; 
s."· '\°'.'" ..... 
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Figs.13(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 still another 

5 embodiment of a mounting structure according to the present 

invention; 

Fi.g.lS(a), Fig.lS(b), Fig.16(a), and Fig.16(b) are 

respectively enlarged sectional views showing a method in which 

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

10 portion of an outer substrate; and 

Figs.17(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 

15 from the following detailed 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 present 

invention. In Fig.l, a bump-like metal protrusion (i.e., a 

·· 20 bump) 6 is formed in a through-hole 4 into which metal material 

5 i.s 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 

5 in which a semiconductor element 1 is mounted thereon and is 
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connected thereto, and in which an outer connecting electrode 

to be formed on a connecting surface of the semiconductor 

element 1 is omitted from the illustration. 

In Fig.l, a material constituting an insulating .-
5 support 2 is not restricted to particular one if it has 

insulating property, and can be used irrespective of 

thermosetting resins or thermoplastic resins . Examples o.f such 

a material include polyester resins, epo~y resins, urethane 

resins, polystyrene resins, polyethylene resins, polyamide 

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; or allc:>ys conta~ning these metals as a major component. 

15 The conductor pattern can be formed on the insulating ·support 

2 by the foll9wing methods. That is, ( l) the conductor pattern 

may be formed on the insulating support by various evaporation 

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 insulating 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 conduc'"tor pattern·. The method ( 3) can 

also be used for producing the laminate used in the method ( 2) . 
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Figs . 3 (a) to 3 ( c) are schema tic views embodying 

manufacturing steps to obtain the wiri~g substrate of the 

present invention. 

Fig.3(a) shows that the_conductor pattern comprising 

the bonding pa~ 3 is formed on one surf ace 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 least one of 

lO minute through-holes 4 which are apart from each other with a 

distance smaller than the width of the bonding 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, li~ht, chemical etching, etc. It is 

15 pref erred 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 ~f 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 

contact therewith and the vicinity of that region. 
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Fig.3(c) shows that the surface of the perforated 

insulating support 2 on which the conductor pattern is formed 

(i··e., 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 - . 
depositing the metal mater~al 5 in the through-holes 4 which is 

in contact with the bonding pad 3, followed by forming on the 

metal material 5 a bump-like metal protrusion .. 6 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 µm but 

depending on the thick?ess of the insulating support), while 

15 the insulating support 2 is kept masked, the insulating support 

is inunersed i~ 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 

~ 20 ·bath, for example. Also, solder may be applied to 

' -. 
electroplating. 

The metal material charged in the through-holes 4 and 

the bum~-like ~etal protrusion_are formed into a 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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poles 4 and is in contact with the bonding pad 3 can be made of 

a cheap metal material Sa such as copper, and the third layer 

which is in contact with the semiconductor element 1 can be 

made of a metal material Sc such as gold having high 

reliability for connection, and the second layer interposed 

between the first layer and the third layer can be made of a 

metal material Sb such as nickel acting as a barrier which 

prevents reaction between the metal materials Sa and Sb. 

The manufacturing steps for the wiring substrate 

1o shown in Figs.3(a) to 3(c) will be illustrate~ with reference 

to the following embodiments. 

A conductor patter~ consisting of copper layer of 35 

µm thick was formed on one surf ace of a polyimide support of 

20 µm thick. ·The wi9-th of a. bonding pad included in the 

15 conductor pattern was 9o·µm. 

E~_cimer laser beam was irradiated on the surface 

other than that of the support on which the conductor pattern 

was formed through ~ shielding screen made of nickel having 

minute holes of 25 µm in diameter and of 45 µm in hole · 

20 intervals, thereby farming 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 region of 

the support where the bondi119 pad was in contact therewith and 

confined to the vicinity of that support region so that the 

2S through-holes were formed as shown in Fig.3(b). 
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The irradiation with excimer laser beam was conducted 

under the conditions of a wave length of 248 run, a pulse energy 

of 250 mJ, a repetition rate of 100 Hz, and an ablation rate of 

0.1 to 0.5 µm per one shot. 

The surface of the conductor pattern was masked with 

a masking 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 carried out to form the bump-like gold protrusion 

1 O protruded from the support, thereby obtaining the wiring 

substrate·according to the present invention. 

It has turned out that when the wiring substrate thus 

obtained was electroplated, the metal layer was grown to form. 

the bump-like protrusi9n which clogs the through-holes f ornied 

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

therewith as .. ~hown 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 surf ace of the 

20 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, thereby obtaining 

the wiring substrate·according to the present invention. 

Bonding was carried out to connect a semiconductor 

25 element to the wiring substrate thus obtained, thereby 
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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 f il~ in 

s order that the wiring substrate be made thinner so as to apply 

to the TAB method as pa.ckaging of semiconductor devices. 

Namely, a flexible film carrier can be used as a wiring 

substrate on which a semiconductor element is mounted. The 

i 10 

present invention can advantageously be applied to such a 

flexible film carrier and semiconductor device·. 
.. 

Fig.5 is a cross sectional view showing one 

embodiment of a semiconductor device manufactured by using a 

film carrier according to the present invention. 

As shown in !ig.S, in the same manner as Fig.l, a 

15 plurality of through-holes 4 are farmed in a region of a 

insulating f~lm 7' 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 film where the 

lead 3' is in contact therewith are filled with a metal 

20 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 

25 obtaining a semiconductor device. 
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In Fig.S, 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 resins or thermoplastic 

5 resins. Examples of such material include polyester resins, 

epoxy resins, urethane resins, polystyrene resins, polyethylene 

~esins, polyamide resins, polyimide resins, ABS resins, 

polycarbonate resins, and silicone resins. Among these, a film 

made of polyimide resins is particularly preferred from the 

10 standpoints of heat-resistant property and me.chanical str~ngth. 

15 

The lead 3' to be provided on one · surface of the 

insulating film 2' is made of a insulating material including 

metals such as gold, silver, copper, nickel or cobalt; or 

alloys containing·these metals as a major component and is . . . 

electrically connected to the semiconductor element 1. The 

lead 3' is ·a:1so .formed into a desired linea;c- pattern so that 

the semiconductor 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 

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 t~an the width of the lead 3' and which run 

25 in the direction of the thickness of the insulating film 2'. 

---
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The through-holes 4 are f o:rmed 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 obtained. 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 be 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 

10 that the adjacent through-holes 4 are not conneqted to each 

other, 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 1=hrough-holes 4 thus obtained,· in the 

15 through-holes that are formed in a region of the insulating 

film wher·e the lead 3' is in contact therewith, there is formed 

a conductive 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 µm, preferably from about 10 to BO µm, but depending on 

the intended use) is formed on the.metal material 5, thereby 

obtaining the.film carrier 0£ the present invention. 

The conductive passage made of the metal material 5 

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

5 carrier of the present invention, may be farmed 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 . 

10 

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 element 1, thereby 

obtaining the desired semiconductor device. 

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

process steps to manuf?cture a semiconductor device in which 

15 the semiconductor element 1 is connected to a film carrier made 

by providing-a t~ermal adhesive resin layer 8 on a surface of 

the insulating "film 2' on which the bump-like metal protrusi·on 

is formed. 

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) i's 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 

material 5 on which the bump-like metal protrusion 6 is formed. 
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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 adhesiv~· resin layer 8 

covering the top of the bump-like metal protrusion 6 is removed 

10 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 electrically connected to the outer connecting . , 

electrode 7 formed on the semiconductor element 1. At this 

time, the thermal adhesive resin of the resin layer 8 is 

15 introduced into and filled with the through-holes that are not 

charged with the metal material. 

The thermal adhesive resin layer 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.6(d), instead, it 

20 may be made thinner so that the upper portion of the bump-like 

metal protrus}.on can be expo~ed .. 

The· therrnal adhesive resin 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 
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used irrespective of thermosetting resins such as epoxy resins 

or thel:llloplastic resins such as fluorine-contained resins. 

Examples of such material include polyimide resins, epoxy 

resins, silicone resins and fluor~ne-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 b~p-like metal protrusion is 

provided or by coating with the.resin material the insulating 

film surface so that the coated resin material can form a 

10 · definite pattern. In ad<;lii;.ion, the resin layer 8 may be formed . . 
by puttinga film-like or a ribbon-like thermal adhesive resin 

material on the insulating film. 

~en the semiconductor element 1 is connected to the 

film carrie: by way of ~he thermal adhesive resin 8-, a layer of 

15 thermal adh~ive resin is formed between the film carrier and 

'•--the semi·oon~ctor element,· and the through-holes . are filled 

with the !=i~esive resin, with the result that adhesion 

20 

25 

properties ~ electrical connections increase. Since the 

surface of t~ semiconductor device is protected by the resin 

layer, resin seal is effected simultaneously with the 

electrical connection, leading to simplification of process 

steps. Further, e~cess resins flow into the through-holes 

which . are n"ot Charged with the metal. material, thereby pus.bing 

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

carrier does not crack, leading to high reliability. 
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In the present invention, the film carrier is 

electrically connected to the semiconductor element l by way of 

the outer connecting electrode 7 and the bump-like metal 

protrusion 6, thereby obtaining-a semiconductor device. In 

5 order to 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. 

10 However, the thermal adhesive resin layer 8 ~ay be 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 film 

carrier, as shown in Fig.7. 

After the tne.rmal adhesive resin is melted by heat or 

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

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

S, followed by drying it with heat to obtain the thermal 

adhesive resin layer 8. It follows that the surface of the 

semiconductor element l on which the outer connecting electrode 

20 7 is provided and a connecting region at which the semi-

conductor element connects to the film carrier are completely 

covered and p7otected. 

In addition, when the thermal adhesive resin is 

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

25 existing in a space in-which the resin layer is to be formed is 
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expelled fr~m the space. As a result, voids are not formed in 

the resin layer thus produced, so that reliability is much 

increased. 

The semiconductor device produced by using the film 

5 carrier according to the present invention is connected to the 

10 

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 film 2' which has the 

connecting lead 3 1 on one surf ace thereof. The insulating film 

2' has a bump-like me~al protrusion (which is not.shown in 

15 Fig. 8 and which is provided at the lower surface of the 

insulating f~lm 2'). The insulating film 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 

20 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 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. 

25 Fig.9(b) shows that a plurality of through-holes 4 are 
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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 ~nvention, it is preferred that a 

thermal adhesive resin layer is interposed between a 

. semiconductor device and an outer substrate in order that 

a connecting region at which the semiconductor device connects 

10 to the outer substrate can be.completely shie~ded 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 B having a thickness of usually 5 to 50 µm 1 

preferably 10 ·to .30 µ,m is provided on the surface of the 

15 insulating film 2' where "the bump-like metal protrusion is 

farmed, thereby producing a semiconductor device, and the 

semiconductor device thus obtained is connected to the land 

portion of an outer substrate. As shown in Fig .11, the thermal 

adhesive resin layer 8 interposed between the film carrier and 

20 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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Fig.12 is a sectional view showing a mounting 

structure comprising a semiconductor device obtained by using 

such a method. 

In Fig.12, the semicom:iuctor element 1 is mounted on 

5 the film carrier 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 

~ 2')· The insulating film 2' is connected to the metal wiring 
I 

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

15 

the bump-like metal protrusion. The thermal adhesive 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 2'. 

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

sectional ~lews·showing in a 'magnified fashion a method for 

obtaining the mounting ·structure shown in Fig.12. 

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

Fig.13(b) shows a state after connection. In Fig.13(a), the 

20 adhesive layer 8 is provided on the insulating film 2" so that 

it can face the surface of the insulating film 2' 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 

~5 connected to the bump-like metal protrusion. As a result, as 
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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 materiar, so that the 

5 land portion 10 and the vicinity thereof are covered with the 

adhesive resin. It follows that the ~lectrical conduction is 

10 

stabilized and the stabilization against mechanical and thermal 

shock is attained. 

The insulating film 2" used as a support can be made 
.. 

of the same material as that of the above noted insulating film 

2 I • . 

The thermal adhesive resin may be charged with 

pressure by using any method if it can charge the resin irito 

the through- holes . ;particuli'.=1rly pre'ferred is a hot press 

15 method in which the fluidity of the resin is raised by applying 

heat and the· fluid resin is charged with pressure. The hot 

press method may be carried out under the conditions of 

pressure of 5 to 500 ~g/cm2 , preferably 20 to 300 kg/cm2 (when 

the outer substrate is made of a brittle material such as 

20 glass, the pressure is preferably about 5 to 100 kg/cm2
), 

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 

25 of workability and the accuracy of charged amounts. 
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The mounting structure of the semiconductor device 

shown in Figs.a and 12 according to the present invention is 

produced by connecting the lead 3 1 to the land portion 10 by 

way of the through-holes 4 filed with the metal material 

5 provided in the ins_ulating film 2 1 
• In addition to this; as 

shown in Fig.14, the mounting structure of the semiconductor 

device according to the present invention can also be obtained 

by directly connecting the lead 3 1 to the land portion 10. In 

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

10 need not be charged into the through-holes provided 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 s7ctional view- showing another embodiment 

15 of the mounting structure according to the present invention. 

In Fig.14, the semiconductor element 1 is mounted on 

the film carr~er comprising the insulating film 2 1 having the 

connecting lead 3 1 ·on one. surf ace thereof.. The connecting lead 

3 1 formed on the insulating film 2' having the through-holes 4 

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

25 

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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connecting lead 3' by way of the metal material 5 filled in the 

through-holes 4 of the insulating film 2' as in the case of 

Fig.S. However, such connection may also be carried out using 

such a bump as used in conventioEal methods. 

Fig.15(a), Fig.lS(b), Fig.16(a), and Fig.16(b) are 

respectively enlarged sectional views showing a method in which 

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

portion of the outer substrate. Specifically, Fig.lS(a) and 

Fig.16(a) show a state prior to connection in which the thermal 

10 adhesive resin layer 8 is formed on the opposite side of the 

surface of the insulating film 2' on which the co:hnecting lead 

3' is·provided. Fig.lS(b) and Fig.16(b) show a state after 

connection in which the thermal adhesive resin is charged with 

pre~sure into a space petween the film carrier and the outer· 

15 substrate 9 by way of the through-holes 4, so that a connecting 

region and ~~e vicinity thereof are covered ·with the resin. 

Incidentally, Fig.lS(a) and Fig.lS(b) show that the 

sectional views are those taken in the direction parallel to 

that of the connec.ting lead. Fig.16(a) and Fig.16(b) show that 

20 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.14 ·to Fig.16; the minute through-holes 4 are 

provided in the vicinity of a region of the insulating film 

25 where the connecting lead 3' is connected to the land porti_on 



' '· 

10 of the outer substrate 9. However, instead, openings 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 sqch openings or recesses are 

5 shown in Fig.17 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 processing, laser processing, light processing, and 

chemical etching, etc. Among these processing methods, 

10 irradiation with an excimer laser beam is preferably adopted. 

15 

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.20 from the stand point of the covering and 

reinforcement of the l~ad. 

As mentioned _above, accorqing to the present 

invention there· a;re provided 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 film); at least one of minute through-holes are 

20 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 formed in the through-holes 

-~ provided in a region of the insulating support (or the 
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10 

15 

20 

insulating 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 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 that the miniaturization of the 

connection area can be realized. 

Espec_ially, when the thermal adhesive resin layer is 

used, the connecting 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 device produced by using the 

fil~ 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 

. ~5 semiconductor element. When the thermal adhesive resin layer 
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is interposed between the semiconductor device and the outer 

substrate, the electrical conduction is strengthen and the 

stabilization against mechanical and thermal shock is attained. 

Further, since the conne~ting portion and the vicinity thereof 

5 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 connect.ion reliability. 

10 

Contrary 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 invention, 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 productivi~y increases. 
. . 

The following experiment has been performed to prove 

the be;riding strength. of the lead according to the present 

invention. 

A polyimide precursor solution was coated on a copper 

20 foil of 17 µm thick so as to have a coating thickness of 25 µm 

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

the support of a film carr!er. 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 

25 a pattern having a lead portion thereon. The width of the lead 
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was 60 µm. Dry etching was effected to the surface of the 

support on which the copper foil was provided using a laser 

beam of ultraviolet regions, so that part of the insulating 

film (i.e., polyimide film) interposed between leads was 

· 5 removed, thereby obtaining the film carrier in which the 

10 

15 

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 µm and a lower base of 60 

µm. 

It was found that when the film carri~r having 120 

pieces of leads was produced using the above method, bending o!= 

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 .protr~sion is 

formed, a part of the insulating film which surrounds the metal 

protrusion is removed by etching, so that the thickness of the 

20 insulating film is made thin, thus increasing the height of the 

bump-like metal protrusion. In this case, it is pref erred that 

the thickness of the insula~ing film is reduced in order that 

it can be 5 to 200% of the bump diameter from the standpoint of 

the balance between the bending strength and the connection 

~5 reliability. 
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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 changes and 

modifications can be made therein without departing from the 

5 spirit and scope thereof. 

- 33 -



-~ 

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 an insulating support; 

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 provided in 

a region 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 

10 insulating support; 

15 

a conductive passage which is made of a metal 

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

provided in a region ?f said insulating support where said 

bonding pad is in contact therewith; and 

a burnp~like·metal protrusion which is formed on.said 

conductiv~ passage and which is protruded from the front 

surface of said insulating support. 

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: . 

(a) forming a conductor pattern having a bonding pad 

on at least one surface of an insulating support; 
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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 electroplating 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 of said insulating 

support where said bond~ng pad is in contact therewith, so that 

a conductive passage is formed in said through-holes, and 

20 subsequently fo:dning a bump-like metal protrusion 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 sa~d through-hole~ becomes a predetermined value, 

said insulating support is immersed in a solder bath to charge 

5 the solder into said through-holes, thereby depositing said 
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metal material on said conductive passage and forming 

metal protrusion on said metal material. 

6. A film carrier comprising: 

an insulati.ng 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-hol~s ~nning in the 

direction of the thickness of said insulating film; 

10 a conductive passage which is made of a metal 

material which is formed in said through-holes that are 

Y:: provided in a region of said insulating film where said lead is 
;/~'!. 
-~::-f 

t in contact therewith; and 

a bump-like metal protrusion which is formed on said 

15 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 pas~age 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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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 film 

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 sa!d thermal adhesive resin layer is previously 

provided on the surf ace of said semiconductor element on which 

said outer connecting electrode is fo:oned. 

14. The semiconductor device according to claim 12, 

wherein said thermal adhesive resin layer is previously 

provided on the surf ace of said film carrier on which said 

semiconductor element is mounted. 

15. The semiconductor device according to claim 12, 

wherein a thermal adhesive resin is introduced into the minute 
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through- holes in t_hat said conductive passage is not formed, 

thereby forming said thermal adhesive resin layer. 

16. A mounting structure of a semiconductor device 

comprising an outer 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-J:ioles which are 

provided in a bonding region of said insulating. film where a 

land portion of said outer substrate is in contact therewith, 

or whi.ch are provided· in a bonding region of said insulating 

film where a land portion of said outer substrate is in contact 

"therewith and the vici~ity of said bonding region; 

a metal material which· is charged into said 

through-holes tnat are provided in said bonding region; and 

15 a bump-like metal protrusion farmed 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 
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layer is interposed between said film carrier and said outer 

substrate. 

19. The mounting structure of a semiconductor 
- . 

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. 
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