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nmet hod for nmeking the sane, and to an electronic device utilizing the
sem conductor device. 2. Description of the Related Art In recent

years, various wre-bond-type chip size packages (CSPs) have appeared in
response to multi-electrode trends of senicpnductor chips. Anpbng the
different types of CSPs, FIG 7A shows a flexible printed circuit (FPC)
type CPS. The FPC type CPS conprises a base a corrposed of a polyimde
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device,
a method for making the same, and to an electronic device
utilizing the semiconductor device.
2. Description of the Related Art

In recent years, various wire-bond-type chip size
packages (CSPs) have appeared in response to multi-electrode
trends of semiconductor chips. Among the different types of
CSPs, FIG. 7A shows a flexible printed circuit (FPC) type
CPS. The FPC type CPS comprises a base a composed of a
polyimide resin, and wiring films b composed of a metal such
as copper formed on the surface of the base a. Holes ¢ for
forming electrodes (herein after referred to as "electrode-
forming holes ¢") are formed in the base a, and fine
spherical electrodes @ composed of solder are formed in the
electrode-forming holes c. A semiconductor chip £ placed on
the base a is bonded to the base a with a silver-paste film
e. Gold bonding wires g connect electrodes of the
semiconductor chip £ with the corresponding wiring films b.

The semiconductor chip £ and the bonding wires g are sealed



spherical el ectrodes d conposed of solder are formed in the
el ectrode-form ng holes c. A semiconductor chip f placed on “the base a is
bonded to the base a with a silver-paste film e. Gold bonding wires g
connect el ectrodes of the sem conductor chip f with the corresponding
wiring films b. The sem conductor chip f and the bonding wires g are

seal ed -2- with a sealing resin
h. FIG 7B shows a rigid substrate typg CPS. The rigid substrate type
CPS conprises a rigid wiring substrate i having hol es (through-holes) |

for formng electrodes (hereinafter referred to as el ectrode-form ng
holes), wiring films k formed on the rigid wiring substrate 1, and wiring
films 1. The wi'ithgaf Feaking #Hefidohnected to the wiring filns k, functions

clectrodes. A sent olGuCEbPTORPpar TPk RkTeSe” BHF LSFar I FATn
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insulating filmmwith a silver-paste frim'. I onding wres g
having holes (through-holes) j for forming elecirodes
(hereinafter referred to as electrode-forming holes), wiring
films k formed on the rigid wiring substrate i, and wiring
films 1. The wiring films 1 are connected to the wiring
films k, functions as an external electrode, and does not
require solder spherical electrodes. A semiconductor chip £
is placed on an insulating film m composed of a resist
between the wiring £ilms k, and is bonded to the insulating
film m with a silver-paste film e. Gold bonding wires g
connect electrodes of the semiconductor chip £ with the
corresponding wiring films k. The semiconductor chip £ and
the bonding wires g are sealed with a sealing resin h.

Although the FPC type CPS shown in FIG. 7A has an

advantage of a high rate of heat dissipation, it does not
allow electroplating since fine solder spherical electrodes
are in the wiring films b which are electrically isolated
from each other. Thus, it is significantly difficult to
form fine solder spheres. Since it is impossible to reduce
the diameter of the electrode-forming holes c, reduction in
the array pitch between the hole-electrodes is limited.
Accordingly, the appearance of the electrode-forming holes

and of the spherical electrodes is inferior. Since the



connect el ectrodes of the sem conductor chip f wwth the corresponding
wiring films k. The sem conductor chip f and the bonding wires g are
sealed with a sealing resin h. Al t hough the FPC type CPS shown in FIG
7A has an advantage of a high rate of heat dissipation, it does not allow
el ectropl ating since fine solder spherical electrodes are in the wiring
films b which are electrically isolated fromeach other. Thus, it is
significantly difficult to formfine soldeg spheres. Since it is

i npossible to reduce the dianeter of the electrode-form ng hol es c,
reduction in the array pitch between the hole-electrodes is limted.

Accordi ngly, the appearance of the el ectrode-form ng holes and_of the
spherical el ectfidd®g fdimas 3%t fogmedebynhgelective etching, production
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Al though the rigid subStrate type has an advantage that
large devices is difficult.
Although the rigid substrate type has an advantage that
no solder spherical electrode is formed, it is difficult to
reduce the diameter of the electrode-forming holes to 0.35
mm or less. This is a factor limiting higher integration of
semiconductor devices. Furthermore, production of a fine
wiring film pattern is difficult, the appearance of the
electrode-forming holes is inferior, and heat dissipation is

slow. Since the electrode-forming holes are formed by

drilling, production is difficult.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
CSP- or BGA-type semiconductor device that allows mounting
of fine spherical electrodes.

It is another object of the present invention to
provide a CSP- or BGA-type semiconductor device that
achieves miniaturization of electrode-forming holes,
fineness of a wiring film pattern, improved appearance, and
simplified production process.

A first aspect of the present invention is a

semiconductor device comprising: a plurality of wiring films



no sol der spherical electrode is formed, it is difficult to reduce the

di aneter of the electrode-formng holes to 0.35 mmor less. This is a
factor limting higher integration of semnm conductor devices. Furthernore,
production of a fine wring filmpattern is difficult, the appearance of
the electrode-formng holes is inferior, and heat dissipation is slow
Since the electrode-formng holes are forned by drilling, production is
difficult. SUMVARY OF THE INVENTION _ 41t is an object of the present
i nvention to provide-a CSP- or BGA-type sem conductor device that allows
mounting of fine spherical electrodes. It is another object of the

present invention tq rovide a CSP- or BGA-type ' 1ductor, d .t hat
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conprising: a Hﬁﬂgﬁﬁkiﬂgoﬁiﬂﬁ§iéﬂa'&hkh§urface of the base being

positioned on the same plane and at least parts of the
wiring films overlapping with the electrode-forming holes; a
conductive material embedded into the electrode-forming
holes to form external electrodes on the back surface, away
from the wiring films, of the base; a semiconductor element
positioned on the front surface of the base with an
insulating film therebetween, the back surface of the
semiconductor element being bonded to the front surface of
the base; and wires for bonding the electrodes of the
semiconductor element to the corresponding wiring films.

Since the wiring films are formed on a front surface
section of the base so as to embed them; surface steps are
not formed. Since a sodium chloride is mounted onto the
surface, bonding of the semiconductor device and wire
bonding are readily performed, resulting in enhancing
reliability of the semiconductor device. Since the
electrode-forming holes are formed by exposure and
development of the base, fineness and high integration
permitting large-scale integration and multi-electrodes of
the semiconductor device can be achieved.

A metal ring may be bonded on the front surface of the

base at the exterior of the connecting sections with wires



-4- - fornmed on a front surface of a base conprising an insulating resin
and having el ectrode-form ng holes, the surfaces of the wiring filns and
the surface of the base being positioned on the same plane and at | east
parts of the wring filnms overlapping with the el ectrode-form ng holes; a
conductive material enbedded into the electrode-formng holes to form
external electrodes on the back surface, away fromthe wiring filns, of

t he base; a sem conductor elenment positiongd-on the front surface of the
base with an insulating filmtherebetween, the back surface of the

sem conductor el enment being bonded to the front surface of the base; and

' for bondi h
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not forned. Since I'um chl or i's Tounted onto the surface |ng

of the sem con a deutee, ol I e etPBEitREi8r enisdidor per formed,
resulting in enhancing rellab|I|ty of the sem conductor device. Since the

el ect r ode- f or melgdtabesatieaiy e dldimgpbetiweemnthe dendlcopdastoef détece
base, fineness and high integration permtting |arge-scale integration and
mul ti - el ect r odesxdofthet heterhdrormhitasr addaic Eor apravenddmgeledkage of the

sealing resin to the exterior.

A second aspect of the present invention is A method
for making a f£ilm circuit comprising: a step of forming
wiring films on a metal film for stopping etching as an
underlying layer by plating using a mask film, the mask
being selectively formed on a front surface of a metal
substrate; a step of forming a base comprising an insulating
resin and having electrode-forming holes on the front
surface of the metal substrate such that at least parts of
the wiring films are partly exposed; and a step of etching
at least the region of the metal substrate, in which the
wiring films are formed, from the back surface until the
metal film for stopping etching is exposed.

Since the electrode-forming holes can be formed by
patterning of the insulating resin on the metal substrate,
fining of the electrode-forming holes can be achieved. Thus,
the diameter of the electrode-forming holes can be reduced
to 0.22 mm or less, whereas the lower limit of the diameter
is 0.25 mm for a conventional FPC type, or 0.35 mm for a

rigid substrate type. Such fining of the electrode-forming



A nmetal ring may be bonded on the front surface of the base at the
exterior of the connecting sections with wires

-5- inthe wiring filnms. In such a preferred enbodinent, the ring is
used as an el ectrical power source, for exanple, a ground source, as an

el ectrostatic shield for electrostatically shielding between the

sem conduct or device and the exterior, and as a damfor preventing | eakage
of the sealing resin to the exterior. - gA-second aspect of the present
invention is A nmethod for making a filmecircuit conprising: a step of
formng wring filnms on a nmetal filmfor stopping etching as an

formed on'a {1 PRLLUAARdREFea=Rarss TP ar ey b T el ALSURARG & base
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of the metal substrate, in which the -

and increased productivity compared with the formation of

electrode-forming holes by drilling as in the rigid

substrate type.

Preferably, the metal film for stopping etching is
deposited on the surface of the metal substrate, a mask film
is selectively formed on the metal f£ilm for stopping etching,
and the wiring films are formed on the metal film as an
underlying layer through the mask film by plating: and the
metal film for stopping etching is deposited on the surface
of the metal substrate; a mask film is selectively formed on
the metal film for stopping etching, and the wiring £ilms
are formed on the metal film as an underlying layer through
the mask film by plating; and after completing the etching
step for exposing the metal film for stopping etching from
the back surface at least in the region of the metal
substrate in which the wiring films are formed, the metal
film for stopping etching is removed.

The region, in which at least wiring films are formed,
of the metal substrate is etched from the back surface so
that the underlying metal film for etching stop is exposed
and the metal substrate remains as a ring at the exterior.

Thus, the remaining section can be used as a ring. The ring



wiring filns are forned, fromthe back surface until the netal filmfor

st oppi ng etching i s exposed. Since the el ectrode-form ng holes can be
formed by patterning of the insulating resin on the netal substrate,
fining of the electrode-form ng holes can be achieved. Thus, the dianeter
of the electrode-formng holes can be reduced to 0.22 mmor |ess, whereas
the lower Iimt of the dianeter is 0.25 nmmfor a conventional FPC type, or
0.35 nmmfor a rigid substrate type. Such.fjning of the el ectrode-formng

- 6- hol es can increase the array density of the electrode- formng

hol es. The el ectrode-form ng holes can be fornmed by patterning the

insulating resin wth a_ reduced mq&%in Igag nd increased productivity
conpared with K& P8 BEPT RS F 95 PgSS-F ??ﬁ*ﬁfqﬁﬂee 659135 IFPﬁga%s in
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etching is dep05|te8 on t%e surface o? t%e netal substrate, a nasE #llm
i s selectively dmeednoButde sRipd o kﬁhfQémﬁééﬁﬁﬂdﬁbrehﬁhﬁﬁg1and is
formed by etching, working accuracy can be increased. Thus,
the semiconductor device has high shape accuracy.
Since it is produced using a metal substrate as a
mother material, deformation such as distortion will not
occcur during the production. Thus, working is easy. A
large semiconductor device, therefore, can be readily formed.
A third aspect of the present invention is an
electronic device comprising a semiconductor device
comprising: a plurality of wiring films formed on a front
surface of a base comprising an insulating resin and having
electrode-forming holes, the surfaces of the wiring films
and the surface of the base being positioned on the same
plane and at least parts of the wiring films overlapping
with the electrode-forming holes; a conductive material
embedded into the electrode-forming holes to form external
electrodes on the back surface, away from the wiring films,
of the base; a semiconductor element positioned on the a
front surface of the base with an insulating film
therebetween, the back surface of the semiconductor element
being bonded to the front surface of the base; and wires for
bonding the electrodes of the semiconductor element to the

corresponding wiring films.



and 'the wiring filnms are fornmed on the netal filmas an wunderlying |ayer
through the mask filmby plating; and the netal filmfor stopping etching
i's deposited on the surface of the nmetal substrate; a mask filmis
selectively fornmed on the netal filmfor stopping etching, and the wring
films are formed on the nmetal filmas an underlying |ayer through the
mask filmby plating;, and after conpleting the etching step for exposing
the netal filmfor stopping etching from -tge-back surface at least in the
region of the netal substrate in which the wiring filnms are forned, the
metal filmfor stopping etching is renoved. The region, in which at

| east wiring filnms are fornmed, of the netal substrate is etched fromthe
back surface so that the underlying nmetal filmfor etching stop is exposed

and the netal sSls dEScREPRINY & T™iF DRwakgEhe exterior. Thus, the
remai ni ng section can be used as a ring. The ring
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el ectrostatic shield, as described above. Since the ring
of a first embodiment of a method for making a semiconductor
device of the present invention;

Figs. 2A and 2B are enlarged cross-sectional views
illustrating the stateé after forming the bases when a
separable resist film and an inseparable resist £ilm,
respectively, are used as resist films in the first
embodiment;

Fig. 3A is a cross-sectional view when a solder plating
film is formed on nickel f£ilms as external electrodes, and
Fig. 3B is a cross-sectional view when the solder plating
film is shaped by reflow:;

Fig. 4A is a cross-sectional view showing a
conventional array pitch of the external electrodes; Fig. 4B
is a cross-sectiocnal view showing an array pitch in
accordance with the present invention; and Fig. 4C is a plan
view showing that the wiring films between the external
electrodes are increased in this embodiment.

Figs. 5A to SK are cross-sectional views of steps of a
second embodiment of the method for making the semiconductor
device in accordance with the present invention;

Fig. 6 is a partly broken isometric view of an

electronic device using a semiconductor device of the



forns an outer shape of the sem conductor device and is formed by etching,
wor ki ng accuracy can be increased. Thus, the sem conductor device has high
shape accuracy. Since it is produced using a netal substrate as a

not her material, deformation such as distortion will not occur during the
production. Thus, working is easy. A |arge sem conductor device,

therefore, can be readily forned. A third aspect of the present
invention is an electronic device conprisigg-a sem conductor device
conprising: a plurality of wiring films forned on a front surface of a
base conprising an insulating resin and having electrode-form ng holes,

t he surfaces of féé Lin? d the surface of the base being

positioned on thie sanelng 3%%°nhénﬁ? | east parts of the wiring filns

overlapping with thesel egd rafe~Eon %HGrQQéﬂéecﬁ&%ﬁdUEEweoFaéefié’:&ible
enbedded into the electro e-formng holes to formexternal electrodes on

the back surfagerime@y chivenitherndy itipef Wit -bodidd&gpasaa a gegigonduct or
el enent positioned on the a front surface of the base with an insul ating

film therebet veadstralte bgpk wind-dwomdihgt BEPsem conduct or el enent bei ng
bonded to the front surface of the base; and wires for bonding the
el ectrodes of the sem conductor elenent to the corresponding wiring fil ns.

DESCRIPTION OF THE PREFERRED EMBODIMENT

A semiconductor device of the present invention
comprises a plurality of wiring films formed on a front
surface of a base composed of an insulating resin and having
electrode-forming holes, the surfaces of the wiring films
and the surface of the base being positioned on the same
plane and at least parts of the wirinq films overlapping
with the electrode-forming holes; a conductive material
embedded into the electrode-forming holes to form external
electrodes protruding from the back surface of the base; a
semiconductor element positioned on the front surface of the
base with an insulating film therebetween, the back surface
of the semiconductor element being bonded to the front
surface of the base; wires for bonding the electrodes of the
semiconductor element to the corresponding wiring films.

The semiconductor device can be produced by a method
for making a semiconductor device comprising: a step of
forming wiring films on a metal film for stopping etching as
an underlying layer by plating using a mask film, the mask

being selectively formed on a front surface of a metal



-8- BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. IAto Il are
cross-sectional views showing steps of a first enbodi nent of a nmethod for
maki ng a sem conductor device of the present invention; Figs. 2A and
2B are enlarged cross-sectional views illustrating the states after

form ng the bases when a separable resist filmand an inseparabl e resist
film respectively, are used as resist filnms in the first enbodi nent;

Fig. 3Ais a cross-sectional view when a sqglgder plating filmis formed on
nickel filnms as external electrodes, and Fig. 3B is a cross-sectional view
when the solder plating filmis shaped by reflow, Fig. 4Ais a

Cross-secti onal vb% %hovm ng c€r£/ent i onal aLray Ic;[ cera}1 of t he external
el ectrodes; 52R U HOTBHAS BV\F% g gs h ar Fay pitch in
accor dance it hir;élﬁ Q&g%e%swv 1n glgbgmé&f R #1ekl B BHOW NG

t hat the mnrlng tween t exter ectrodes are I ncrease
this enbodi mentgront suficdte of ik HetANCstbAELaEE T hat! @S 168hsét eps of

i parts of the wiring films are partly exposed; and a step of
etching at least the region of the metal substrate, in which
the wiring films are formed, from the back surface until the
metal film for stopping etching is exposed.

The metal substrate functions as a base material in the
production of the semiconductor device including the
formation of the wiring films and external electrodes by
plating and as passage of a plating current, although it may
later form an outer ring. It is preferable that the metal
substrate comprise copper or a copper-based material having
high conductivity. Since these materials have significantly
high rigidity, they are not flexible even when thin, and
thus have high workability. It is preferable that the
thickness be approximately 150 pum when copper or a copper-
based material is used.

A photosensitive separable acrylic resist can be used
as a mask film during plating for forming the wiring films.
In this case, the mask film is formed by patterning
including exposure and development and then the wiring films
are formed using the mask £ilm. After the plating treatment,
the mask film is peeled off. An epoxyacrylic photosensitive

eternal resist film (having a thickness of., for example, 40



second enbodi nent of the nethod for making the sem conductor device in
accordance with the present invention; Fig. 6 is a partly broken
i'sometric view of an electronic device using a sem conductor device of the
-9- present invention; and Figs. 7A and 7B are cross-sectional
views of a flexible printed circuit (FPC) type w re-bonding CSP and a
rigid substrate type w re-bondi ng CSP. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENT A sem conduct or devi ce of- tihe -present invention conprises
a plurality of wiring filnms formed on a front surface of a base conposed
of an insulating resin and having electrode-form ng holes, the surfaces of

the wiring fi : err%g)[ a%grrﬁageg?g{lagc %.ntgirr]x?-t ggecggé ngtfpeo%ésik\?ﬁﬁﬁm?ﬁgt he sane

pl ane and at iT'mMs over! appi ng

el ectrode-form R 2;? rp%t?@?ﬂi'ﬁé iﬁﬁ:quﬁti?x@i 8kpo&Re AR de¥eqobli@nt and

el ectrode-formng or m ext er na
the wiring films are formed by plating using the mask film.

After the plating treatment, however, the resist film is not
removed, although the mask film is peeled off. Thus, the
surface of the wiring film and the surface of the base are
positioned completeiy on the same plane; in other words, the
surface is planarized. Nickel electrodes will be formed
without deformation in the subsequent step, since the
underlying layer does not have a stepped structure. The
material is not limited to the above-mentioned one. For
example, materials that function as masks when a wiring film
of metal such as copper is formed are usable.

As a base, for example, a laminate film of a polyamic
acid-type polyimide film and a photosensitive layer provided
thereon (thickness: for example, 25 um) may be used. The
laminate film is patterned by exposing and developing the
photosensitive layer, and then etching the polyamic acid-
type polyimide film with an etching éolution such as an
alkaline solution. The polyamic acid-type polyimide film is
sufficiently cured by heat treatment at 280°C for
approximately 30 minutes. The thickness of the resist mask
film is, for example, approximately 25 pum. The entire mask
film may be formed of a photosensitive resin and be

patterned by exposure to form electrode-forming holes. In



el ectrodes protruding from-the back surface of the base; a sem conductor
el ement positioned on the front surface of the base with an insul ating
filmtherebetween, the back surface of the sem conductor el enent being
bonded to the front surface of the base; wires for bonding the el ectrodes
of the sem conductor elenent to the corresponding wiring fil ns. The
sem conduct or device can be produced by a nethod for making a

sem conductor device conprising: a step aof 1gfarmng wiring filnms on a neta
filmfor stopping etching as an underlying |layer by plating using a mask
film the mask Dbeing selectively formed on a front surface of a netal

10 - substr at.e: St of for.m b . i | ati ng
resin and haviﬁ:eéﬁgfp?ggggf%%ﬁéﬁb O%ES%§%1§§5R&$§§%3L§§$ §c§§gf the neta
substrate such ivdk. | east parts of the wiring filns are partly exposed,

and a step of etching at |east the region of the netal substrate, in which
the wiring films aretf 9g npehrdradlet RBabatke S faae funki bet Bermsetwy film

for stopping etching is exposed. '
plating copper on a nickel underlayer. Although the wiring

film is formed by plating on a metal substrate composed of,
for example, copper, it is difficult to deposit by directly
plating a_dense copper wiring film on the copper.
Furthermore, when the wiring film is exposed by etching the
metal substrate, an etching stopper is necessary to protect
the copper wiring film from being etched. Nickel is most
suitable for the etching stopper. The thickness of the
nickel film may be, for example, 2 pum. It is preferable
that the thickness of the copper wiring film be, for example,
25 pm, although it depends on the specifications and
performance demands of the semiconductor device.

After forming the base having electrode-forming holes,
external electrodes are formed by plating, for example,
nickel with a thickness of 40 to 150 um thereon.
Alternatively, they may be formed by plating nickel in a
thickness of approximately 100 um and then by plating solder
in a thickness of approximately 100 um, and by reflow-
shaping the solder. Accordingly, various modifications are
available for the formation of the external electrodes.

The metal substrate is etched from the back surface.

Although the etching is essential for exposure of the wiring



The nmetal substrate functions as a base material in the production of the
sem conduct or device including tthe formation of the wiring filnms and
external electrodes by plating and as passage of a plating current,
although it may later forman outer ring. It is preferable that the netal
substrate conprise copper or a copper-based material having high
conductivity. Since these materials have significantly high rigidity, they
are not flexible even when thin, and thus igave high workability. It is
preferable that the thickness be approximately 150 um when copper or a
copper- based material is used. A photosensitive separable acrylic

resist can be used as a kK filmdurin ating. for_f L.ng_t [
films. In éhggggﬁke}%tﬂgy %kp?ﬁﬁgﬁq%g Pgr§%8 %@ﬁ%ﬁﬁtﬁgfﬁ%%é anc?ﬂS%%éng
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for exanple, 4
formed so that the metal substrate is left as a peripheral
ring. The peripheral ring can be used as a reinforcing
element, a ground electrode and an electrostatic shielding
element of the electrical power source, and a dam for
blocking the flow of the sealing resin (in the case of CSP).
Thus, selective etching is preferred to complete etching.
Etching can be performed using an alkaline etchant (ammonia
type) that can etch copper but cannot etch nickel. Thus,
nickel can function as an etching stopper.

It is preferable that the external electrode be formed
of nickel and the surface of the nickel plating film be
plated with gold, in view of satisfactory contact formation.
Preferably, an underlayer is generally provided for gold
plating. In this case, the external electrode and the metal
film for stopping etching are formed of nickel; hence it is
not necessary to form an additional nickel underlayer for
satisfactory gold plating. Of course, the present invention
is applicable to the above-mentioned embodiment in which the
external electrode is formed of nickel and a solder plating
film, and other embodiments.

The present invention is applicable to both CPS-type

and BGA-type semiconductor devices.



um) iy be used. Also, in this case, the mask filmis forned by patterning
i ncl udi ng exposure and devel opnent and the wiring filnms are forned by
plating using the mask film After the plating treatnent, however, the
resist filmis not renoved, although the nmask filmis peeled off. Thus,
the surface of the wiring filmand the surface of the base are positioned
conpletely on the sane plane; in other words, the surface is planarized.

Ni ckel electrodes will be formed w thout- defermation in the subsequent
step, since the wunderlying |layer does not have a stepped structure. The
material is not Iinited to the above-nenti oned one. For exanple, materials

that function as é’%gfbo%t)‘ﬁ'crtbggdé‘érié@ ‘}{ é&%%daﬁ&&*\v%@t??ﬁ?éﬁréssent

fornmed are usabl e. ase, for exa am nat
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thereon (thickness: for exanple, 25 um) may be used. The lamnate filmis

patterned by exaaetinglangd cevelapielgcthoniphddwicansi sibed hayporta&brke t hen

etching the polyamc acid- type polyinmde filmw th an etching solution

such as an al lpdionee. sahdt cantribvdesoky anigiabidi-zaionpehyi mmpeovehent s
sufficiently cured by heat treatment at 280[err]C for approxinately 30

m nutes. The t HifcERE3ZLHLERLT é%’iesfieﬁ&‘éﬁs filmis, for exarrpl e,

approximately 25 u The entir be fornmed o
hot osensi Live res| FESHRFIR SHRPBLRARLF 18 Gl BaPecb Toration will be
eleCtrOde'fOrn%ﬂgcgggga'iﬁrhetail with reference to the attached drawings.

Figs. 1A to 11 are cross-sectional views showing the steps
of a method for making a CSP-type semiconductor device as a
first embodiment of the present invention.

With reference to Fig. 1A, a metal substrate 1 composed
of copper or a copper alloy with a thickness of 50 to 250 um
is prepared, and a resist film 2 or a mask film with a
thickness of 30 to 60 um is selectively formed. A typical
resist is an acrylic photosensitive separable resist or an
epoxyacrylic photosensitive inseparable resist. The resist
is patterned by exposure and development to form a mask f£ilm
2.

With reference to Fig. 1B, a copper wiring film 4
having a nickel underlayer 3 1s formed on the surface of the
metal substrate 1 using the resist film 2 as a mask. The
thickness of the copper wiring film 4 is in a range of
approximately 15 to 30 um, and is preferably 25 um. The
thickness of the nickel underlayer 3 is in a range of-

approximately 1 to 5 um, and is preferably 2.5 um. The



-~ 12 - the formation of the base, various nodifications are possible.
It is preferable that the wiring filmbe formed by plating copper on a
ni ckel underlayer. Although the wiring filmis forned by plating on a
nmetal substrate conposed of, for exanple, copper, it is difficult to
deposit by directly plating a dense copper wiring filmon the copper.
Furthernore, when the wiring filmis exposed by etching the netal
substrate, an etching stopper is necessaryl$o- protect the copper wring
filmfrombeing etched. Nickel is nost suitable for the etching stopper.
The thickness of the nickel filmmay be, for exanple, 2 um

preferabl e ﬁ& ck&f ddHd g.li%gr% fbi@&cé?%“&ﬁ{ ‘g}'nslengtéé J:zg%g?eer Ji‘}rin‘?;x%%e

25 um al though 1t depen e specl ficati r mance ~demands
of the sem congugh&f ﬁf‘é"nﬁﬁ:&l subsfHi &L :ﬂcQLrsmert@hEBefP@xﬁetﬁ'@Vdaﬂﬁc surface

el ectrode-form ng holes, external electrodes are forned by plating, for

exanpl e, nickeb #kpdsa divimlgnesshas, 4he ik luthBELI£Per 3 functions
as a metal f£ilm for stopping etching. Alternatively, a
metal substrate 1 with an entire nickel underlayer 3
provided thereon may be used and the entire nickel
underlayer 3 may be etched to avoid short-circuiting between
wiring films 4 after the etching to expose wiring. Although
this configuration will be described in a second embodiment,
it can also be applied to this embodiment.

When the resist film 2 is of an acrylic photosensitive
separable type, it is removed. 1In contrast, when the resist
film 2 is of an epoxyacrylic photosensitive inseparable type,
it is not removed. A base 5 (thickness: for example 25 um)
composed of, for example, a polyimide resin is formed and
patterned to form electrode-forming holes 8 and smaller vent
holes 10 at given positions. Fig. 1C shows a state after
the patterning. Vent holes 10 release gas formed in the
bottom of the base 5 in order to prevent separation of the
base 5 due to thermal expansion during heat treatment.

The base 5 may be composed of, for example, a laminate
film of a polyamic acid-based polyimide film and a
photosensitive layer provided thereon. The base 5 is
patterned by exposing and developing the photosensitive

layer, and then etching the polyamic acid-type polyimide



Al ternatively, they may be formed by plating nickel in a thickness of
approximately 100 um and then by plating solder in a thickness of

apprOX|nater 100 um and by reflow shaping the solder. Accordingly,
various nodifications are available for the formation of the external

el ect r odes. The netal substrate is etched fromthe back surface.
Al t hough the etching is essential for exposure of the wiring
- 13 - film it may be performed on the léntire surface or may be

perfornmed selectively. In selective etching, the etching is preferably
performed in a region in which the wiring filmis fornmed so that the netal

substrate is | effinawi@hpehi 8bsislg J01REiohh8ubETAPNES Jl1KE1RgeCaB1REI 5D as
a reinforcing element, a ground el ectrode and an el ectrostatic shielding

el ement of the 'Jaiee@myamicpmm e pelyandde £ iy sufifaekiengiyheufé@w of
the sealing resin (in the case of CSP). Thus, selective etching is
preferred to cApheps sreatment &t ABONG fan b@!phnﬁmmnedThslagtaneamaﬂklne

et chant (anmoni a type) that can etch copper but cannot etch nickel. Thus,
film may’ be formed of a photosensitive resin and may be

patterned by exposure to form electrode-forming holes 8.

Figs. 2A and 2B are enlarged cross-sectional views
illustrating the states of the bases 5 when a separable
resist film 2 and an inseparable resist film 2, respectively,
are used. When the inseparable resist is used, the residual
section 2a of the resist film 2 remains on the substrate 1.
When the inseparable resist is used, the surface of the
wiring film 4 and the surface of the base 5 can be arranged
on substantially the same plane; that is, the surface is
planarized. Nickel electrodes 6 will be formed without
deformation in the subsequent step, since they are formed on
the flat surface. In these two cases, the spaces between
the adjacent wiring films 4 (the nickel films 3) are
embedded by the base 5 so that the base 5 and the wiring
films 5 form a flat surface.

With reference to Fig. 1D, a nickel film 6 is deposited
in the electrode-forming holes 8 by electroplating to form
spherical electrodes. The thickness of the plating layer is
approximately 40 to 150 um.

With reference to Fig. 1E, the metal substrate 1 is

selectively etched from the back surface so that it remains



ni ckel can function as an etching stopper. It is preferable that the
external electrode be formed of nickel and the surface of the nickel
plating filmbe plated with gold, in view of satisfactory contact
formation. Preferably, an underlayer is generally provided for gold
plating. In this case, the external electrode and the nmetal filmfor
stopping etching are forned of nickel; hence it is not necessary to form
an additional nickel underlayer for satisflactory gold plating. O course,
the present invention 1is applicable to the above-nentioned enbodi nent in
which the external electrode is fornmed of nickel and a solder plating
film and otheds enpediipRBral ring 9T phespBripHeedl is¥tdivnapgl eeahl e to
both CPS-type and BGA-type sem conductor devices.

- 14 - seficopductonddevice denilee the wirbng aficen Wi tils ekpopedsent

I nvention can be used in various electronic devices, and in particular,
conpact el ect rgt @igkelcendeslarens’ poﬂPaEWEOHEQtﬁﬁaﬁ adkaliont etghert to

m ni aturization and j nprovengent
is used for etching. The nickel underlayer 3 blocks etching

of the copper wiring film 4. A gold film 7 (thickness: for
example, 0.3 to 6 pum) is formed by plating on the nickel
films 3 and 6. The gold film 7 is depicted in the enlarged
external electrode 6 that is shown in the bottom section of
Fig. 1E, although it is not depicted in the drawings after
Fig. 1E, for the sake of convenience.

With reference toc Fig. 1F, a heat dissipating plate 12
(thickness: for example, 100 um) composed of copper or a 42
alloy is bonded to the front surface of the base 5 by a
bonding agent 11 (thickness: for example, 50 um). The heat
dissipating plate 12 enhances heat dissipation from the
semiconductor device that will be subsequently mounted.

A semiconductor element 14 is die-bonded on the heat
dissipating plate 12 with, for example, a silver-paste f£ilm
13, followed by wire bonding. Fig. 1G shows a state after
the wire bonding. Each wire 15 composed of, for example,
gcld, connects an external electrode of the semiconductor
element 14 and the wiring film 4 covered with the nickel
underlayer 3 through the gold £film 7 (not depicted in Fig.
1G). The nickel underlayer 3 and the gold film 7 on the

wiring film 4 enhance wire bonding strength, since the



in reliability of the devices. Preferred enbodi nents of the present

i nvention wll be described in detail with reference to the attached
drawings. Figs. 1A to 11 are cross-sectional views showing the steps of a
met hod for nmaking a CSP-type sem conductor device as a first enbodi nent of
t he present invention. Wth reference to Fig. 1A, a netal substrate 1
conposed of copper or a copper alloy with a thickness of 50 to 250 um is
prepared, and a resist film2 or a nmask filmmwith a thickness of 30 to 60
umis selectively formed. A typical resist is an acrylic photosensitive
separable resist or an epoxyacrylic photosensitive inseparable resist. The

o1t LS D3 LALNBA DY SRR & L SKELAPIPAL, I, 'L ATRSK T H1ML T

Wth reference er wrin

underl ayer 3 i Sarf&)rt'i‘i%duﬁHeif‘ﬁ&%r{l@@:%loﬁnthaﬁf3§ BAGRRES éiﬁr&sbléié‘g the

resist filmz2 as a mask. The i ckness of the copper wring f Isin a
range of  appraxdvat @h¥chSat® piusa goe bend@igferably 25 um The

t hi ckness of the nickel underlayer 3 is in a range of approximately 1 to 5
um and is preferabWytR. Sefiamentieeto Fig. 1H, the semiconductor element 14

and its peripheral section are sealed with a sealing resin

16. The peripheral ring 9 functions as a dam blocking the

flow of the resin towards the outside.

With reference to Fig. 1I, the nickel external
electrode 6 is shaped substantially spherically by, for
example, reflow. Alternatively, a solder plating £ilm 17
may be formed on the nickel film 6 as the external electrode
6 with a thickness of, for example, 50 to 100 um as shown in
Fig. 3A, and then may be shaped by reflow as shown in Fig.
3B. A semiconductor device is thereby produced.

In the semiconductor device shown in Fig. 1I, a
plurality of wiring films 4 are formed on a surface section
of a base 5 comprising an insulating resin, so that the
surfaces of the wiring films 4 and the surface of the base 5
are positioned on the same plane and at least parts of the
wiring films 4 overlap the electrode-forming holes 8 of the
base 5. Each of the electrode-forming holes 8 is embedded
with a nickel film 6 as a conductive material to form a
protruding external electrode. A heat dissipating plate 12
is bonded to the surface of the base 5 with a cushion bond

11. The semiconductor element 14 is bonded to the heat



- 15 - ni ckel underl ayer 3 bl ocks etching of the copper -wiring film 4
when the netal substrate 1 is etched fromthe back surface to expose
wiring. Thus, the nickel underlayer 3 functions as a netal filmfor
stopping etching. Alternatively, a netal substrate 1 with an entire nickel
under| ayer 3 provided thereon may be used and the entire nickel

under |l ayer 3 may be etched to avoid short-circuiting between wring filns
4 after the etching to expose wiring. A thagh this configuration will be
described in a second enbodi ment, it can also be.applied to this

enbodi nent . When the resist film2 is of an acrylic photosensitive

separabl e type: aided i 8IDK e ! 1 SV 351 YAENOALEL [P las T BILE 15 O

an epoxyacrylic photosensi tive i nseparab i'SThot rendved. A base

5 (thickness: fgofesx¥Ed w%w%&&m&@wtﬂe&@ﬁt exany %onaeaoltw gﬁge

resin is formed and patterned to formelectrode-formng holes 8 an

smal l er vent hed@Sestondling WEALPPSALIORS wikhda #rshmws aFusiakematber the
patterning. Vent holes 10 release gas fornmed in the bottom of the base 5

in order to prevtentwisdpgr &tilon4 odnd Hthe bdse 35dare tardlieet melthespaasinnls.
during heat treatnent. The base 5 may be conposed of, for exanple, a
laminate film of alpokhisitemigandvgdeny §©V§¢¢n(ﬁQQ|ﬂiﬁﬂasdfélm 4 is

formed on a surface section of the base 5 so as to be
embedded; hence the front surface of the base 5 is
planarized. Since the semiconductor element 14 is mounted
on the flat surface, bonding and wiring of the semiconductor
device can be readily performed, resulting in enhanced
reliability of the semiconductor device. Since the
semicbnductor element 14 is provided on the surface without
a stepped structure, die bonding and wire bonding
characteristics of the semiconductor element 14 are improved
and wiring films with a fine pattern can readily formed.
Since the electrode-forming holes 8 are formed by exposure
and development of the base 5, fining and high integration
of the electrode-forming holes 8 can be achieved. Thus,
high integration and multi-electrodes of the semiconductor
device can also be achieved. Since the base 5 has vent
holes 10, separation of the base 5 due to a popcorn
phenomenon is prevented.

Since the peripheral metal ring 9 is provided at the
exterior of the wire bonding sections of the wiring films 4

on the surface of the base 5, the peripheral ring 9 can be



photosensitive | ayer provided thereon. The base 5 is patterned by exposing
and devel opi ng the photosensitive |ayer, and then etching the polyanc

aci d-type pol yi m de - 16 - film
with an etching solution such as an al kaline solution. The polyamc
acid-type polyimde filmis sufficiently cured by heat treatnent at
280[err]C for 30 mnutes. The entire mask filmmay be forned of a

phot osensitive resin and nay be patterned 28y -exposure to form

el ectrode-form ng hol es 8. Figs. 2A and 2B are enl arged
cross-sectional views illustrating the states of the bases 5 when a

separabl e resigded idsMa? g2BdndneidsERAARBIFE ahes1 &t FiddD boweeSRBGLE¥E! Y,
are used. \Wen the inseparable resist is used, the residual section 2a of

the resist fil ni raama edeobrbbtatidhshiaid that bsctidestatiepalgbbRieess St
I's used, the surface of the wring film4 and the surface of the base 5
can be arrangedthersenilgondnctar| ¢lanents dde fpbanthe tdrtterior.t hdlsarfate i s
pl anari zed. Nickel electrodes 6 will be formed without deformation in the
subsequent st eptakibfcaseHedsat cddBrthat bAockpethe flogfadhe FRraLkBSe two

cases, the spaces betwe
P resin to %Ee exterior when resin sealing is performed,

resulting in a decreased defect rate of the resin sealing.

In the method for making the semiconductor device shown
in Figs. 1A to 11, wiring films 4 are formed by plating
using a resist f£ilm as a mask which is selectively formed on
a front surface of the metal substrate 1, wherein nickel
films 3 for etching stop are formed as an underlayer. A
base 5 composed of an insulating resin and having electrode-
forming holes 8 and vent holes 10 is formed on the front
surface of the metal substrate 1. The region of the metal
substrate 1 in which at least the wiring films 4 are formed
is etched from the back surface until the nickel film 3 for
etching stop is exposed. Furthermore, a semiconductor
element 14 is mounted onto the etched side and sealed with a
resin.

According to such a method, the wiring films 4 are
formed on the metal substrate 1 by plating using the resist
film 2 as a mask, electrode-forming holes 8 are formed in a
base 8, and then external electrodes 6 are formed by plating.
Thus, the wiring films 4 and the external electrodes 6 are

easily formed by electroplating, because the metal substrate



the adjacent wiring films 4 (the nickel filns 3) are enbedded by the base
5 so that the base 5 and the wiring filnms 5 forma flat surface. Wth
reference to Fig. ID, a nickel film6 is deposited in the

el ectrode-form ng holes 8 by electroplating to form spherical el ectrodes.
The thickness of the plating layer is approximtely 40 to 150 um

Wth reference to Fig. .IE, the netal substrate 1 is selectively etched
fromthe back surface so that it remains- 21 -

- 17 - as a peripheral ring 9 at the peripheral section of each

sem conductor device while the wiring film4 is exposed on the nickel

under layer 3. &%é”@?@é@rﬂé’a‘ﬁyﬁdéﬁ%b%e&t edanty Jdes tH@eQﬂ:ﬁ?ﬁ?effﬂhé'gé sUﬂe

ni ckel underl ayer 3 blocks etching of the copper wiring fiTm4. A gold
film7 (thicknesst AOpot&eidll GeqiBeliofr dNedt:dpaafBigbysphphined afb t he

nickel films 3 and 6. The gold film7 is depicted in the enlarged

external el ect addeof thatwisirghdidmsn4dt berduagt dihes eetadnsobstFate 1E,

al though it is not depicted in the drawings after
Since electroplating can form a plating film having higher
guality than that of electroless plating, satisfactory
wiring £ilms 4 -and external electrodes 6 are readily formed.
Thus, fine, high-density arrangement of the wiring films 4
and the external electrodes 6 can be achieved. With
fineness of the wiring films, the number of the wiring films
that are provided between the external electrodes can be
increased; hence the number of the external electrode arrays
and the number of the external electrodes can be increased.

Fig. 4A is a cross-sectional view showing a

conventional array pitch of the external electrodes. Fig.
4B is a cross-sectional view showing an array pitch in
accordance with the present invention. Fig. 4C is a plan
view showing that the wiring films between the external
electrodes are increased in this embodiment. In a typical
conventicnal FPC-type semiconductor device in which fine
patterning is difficult, the width of the wiring film 4 is
500 um for the portion for forming the external electrodes 6,
or 50 um between the external electrodes 6, and the distance
between the wiring films 4 is 50 um. Thus, when the pitch

of the external electrode array is decreased, the number of

wiring films 4 between the external electrodes 6 cannot be



Fig. 1E, for the sake of convenience. Wth reference to Fig. 1F, a
heat dissipating plate 12 (thickness: for exanple, 100 un) conposed of
copper or a 42 alloy is bonded to the front surface of the base 5 by a
bondi ng agent 11 (thickness: for exanple, 50 um. The heat dissipating

pl ate 12 enhances heat dissipation fromthe sem conductor device that wll
be subsequentl|y nounted. A sem conductor elenent 14 is die-bonded on
the heat dissipating plate 12 with, for exasple, a silver-paste film 13,
foll owed by wire bonding. Fig. 1G shows a state after the wire bonding.
Each wire 15 conposed of, for exanple, gold, connects an external

| ectrode of th d tedds ]
i th Lhe ni clel URAS Tayer s CCALGagh (he B FITAY (hetodh o o g
1G. The nickel tH@Qeéﬁlﬁd&IméntanﬂehBS gﬂé%ﬁxﬁﬂéﬁ 6£0BhEh@irihg | #10ofd |4@ 4

enhance wire bonding strength, since the
- 18 - surf apetgeesl thd raxteraalaehégtiraddd v icanf be ihergd«l dg &hbwn and

t he underlying nickel underlayer 3 bl ocks ultrasonic
in Fig. 4C even when the pitch of the external electrode
array is decreased, permitting a multiple spherical
electrode array. This significantly contributes toc multi-
electrodes and high integration of semiconductor devices.

Since the electrode-forming holes 8 can be formed by
patterning the base 5 on the metal substrate 1, finesse of
the electrode-forming holes 8 is achieved. The size of the
electrode-forming holes 8 can be reduced to 0.22 mm or less
in a rigid substrate type, whereas its lower limit is 0.5 mm
for a conventional FPC type or 0.35 mm for a conventional
rigid substrate type. Finesse of the electrode-forming
holes 8 results in a higher array density of the electrode-
forming holes 8. The electrode-forming holes 8 are formed
by patterning the insulating resin, hence working is not
troublesome and productivity is high compared with a method
requiring drilling of the holes.

The region for forming the wiring films 4 of the metal
substrate 1 is etched from the back surface until the nickel
metal underlayer 3 for etching stop is exposed, so that the
metal substrate 1 remains as a ring 9 at its exterior. The
ring 9 can be used as a terminal of the ground electrical

power source, and for electrostatic shielding, as described



viaves whi ch are applied for bonding. Wth reference to Fig. 1H, the
sem conductor elenment 14 and its peripheral section are sealed with a
sealing resin 16. The peripheral ring 9 functions as a dam bl ocki ng the
flow of the resin towards the outside. Wth reference to Fig. 1l, the
ni ckel external electrode 6 is shaped substantially spherically by, for
exanple, reflow Alternatively, a solder plating film17 may be forned on
the nickel film®6 as the external electrode3 6 with a thickness of, for
exanple, 50 to 100 umas shown in Fig. 3A, and then may be shaped by
reflow as shown in Fig. 3B. A sem conductor device is thereby produced.

refl ow as g. 38 A sen conductor X pr oduced.
dare formed oS S f ane Sotion® opehda b o fhstieRlerad fhokbh 8, 1y ™

resin, so that dft@ingir 268 Shh WdRKMhG B8chiddp. 4 19Rd t hgesurface of the
base 5 are positioned on the sane plane and at” | east parts of the wring

films 4 overl apdmieoalaectoddiefitierhag AopesiShéfal Formbasech. 1Eagigiy t he
el ectrode-formng holes 8 is enbedded: with a nickel film®6 as a conductive
material to forancarapgeotrudi ng external el ectrode. A heat dissipating plate
12 is bonded to the surface of the base 5 wth a cushion bond 11. The

sem conduct or el enefit tke Brofysiéant pre¢rshaft the semiconductor device,

the metal substrate 1 is used as a base material, thus,
deformation such as distortion does not occur in the
production process. Thus, handling and working are
facilitated. The peripheral ring 9 may be removed to
miniaturize the semiconductor device in some cases. Since
the resin 16 has reinforcement effects after resin sealing,
the peripheral ring 9 also having reinforcement effects is
not always essential and may be omitted in some cases. In
such a case, the peripheral ring 9 may be removed to
miniaturize the semiconductor device.

Figs. 5A to 5K are cross-sectional views of the steps
of a method for making a BGA-type semiconductor device in
accordance with the present invention, as a second
embodiment.

With reference to Fig. 5A, a laminate film of a thin
copper or copper alloy film 1 with a thickness of, for
example, 150 pm and a nickel film 3 provided thereon for
etching stop with a thickness of, for example, 2 um is
prepared as a metal substréte.

With reference to Fig. 5B, copper wiring films 4 with a



- 19 - dissipating plate 12 with a silver-paste film 13. Each electrode
of the semconductor elenent 14 is bonded to the corresponding wiring film
4 with a wire 15. Furthernore, the wiring film4 and the wire 15 are
sealed with a resin 15. In this sem conductor device, the wiring film
4 is formed on a surface section of the base 5 so as to be enbedded,;

hence the front surface of the base 5 is planarized. Since the

sem conductor elenment 14 is mounted on thed4l-at surface, bonding and
wiring of the sem conductor device can be readily perforned, resulting in
enhanced reliability of the sem conductor device. Since the sem conductor

el enent 14 is Hg&\t?g(glgl ﬁSBft NBos UL AR ngoyﬁut%@e sdSRaq tl?gggg'{ngd gdie

bondi ng and wir ¢haracteristi‘cs o e sem conduc enent 14

are inproved oyl 1Wsl.NOREELEE M Inks drfl BR1B3EICETYy GHInlcRP @l ¥hEOLIBFace
Since the electrode-form ng holes 8 are forned by exposure and devel opnent

of the base 5, df rihegnaeiehi §hlmd agr Foraina Mmésk heaml evippede £Lafn8l Agabel es
8 can be achieved. Thus, high integration and nulti-electrodes of the
sem conduct or Rlatiede opatthal BEckel dilimevedsiggnthe thaskbasdh® pxoceentis
hol es 10, separation of the base 5 due to a popcorn
substantially the same as that in the first embodiment.
Thus, the wiring films 4 are selectively formed by the same
method as in the first embodiment. In the first embodiment,
however, the metal substrate is composed of copper or a
copper alloy not having a surface nickel film, hence a
nickel f£ilm 3 for etching stop is formed by plating using a
resist film as a mask, and then the copper wiring films 4
are formed by plating. In the second embodiment, the nickel
film 3 has already been formed on the metal substrate, and
the formation of the nickel f£film 3 by plating is not
necessary.

With reference to Fig. 5C, bases 5 composed of
polyimide are selectively formed as in the first embodiment
to form electrode-forming holes 8 and vent holes 10 which
are considerably smaller than the electrode-forming holes 8.

With reference to Fig. 5D, nickel films 6 are deposited
in the electrode-forming holes 8 by plating so as to
protrude from the electrode-forming holes 8. Solder films
16 with a thickness of, for example, approximately 100 um

are formed on the nickel films 6 with a thickness of 40 to

150 pm.



phenonmenon is prevented. - Since the peripheral netal ring 9 is provided
at the exterior of the wire bonding sections of the wiring filnms 4 on the
surface of the base 5, the peripheral ring 9 can be

- 20 - used as a ground el ectrode of an electrical power source, and as
a electrostatic shield that electrostatically shields the sem conductor

el enment 14 fromthe exterior. Also, it can be used as a damthat bl ocks
the flow of the sealing resin to the ext-era5r when resin sealing is
performed, resulting in a decreased defect rate of the resin sealing.

In the nmethod for making the sem conductor device shown in Figs. 1Ato 1H

wiring film 4 are {o¢fede RyrdHcl itd0r14Si 88, AdE Yoppeki bBr8SoR sRSthathi ch
is selectively formed on a front surface of the metal Substrate 1, wherein

nickel filns Gndtdl @ubBitRgtet DPiarR IRt IRE1RSe BEhaMdRY [tAWRr thd stBs&cd
conposed of an insulating resin and having el ectrode- formng holes 8 and
vent hol es 10 icf fivemndchkrlt ikl rdrits expobadeand thwe mediadl swbbtrateel lis The
region of the netal '

left as a peripheral ring % at the peripheral sectiocn. In

the etching, the nickel film 3 blocks etching of the copper

wiring films 4, that is, functions as a metal film for

stopping etching. .

With reference to Fig. SF, the nickel film 3 for
etching stop is removed by etching, because the nickel £ilm
3 formed on the entire surface of the substrate 1 will cause
short-circuiting if it is allowed to remain. In contrast,
in the first embodiment, the nickel films 3 and the wiring
films 4 are formed by the same pattern, hence etching
between the wiring films is not necessary, and this step is
not provided.

A dam 18 is formed on the surface after removing the
nickel film 3 by, for example, a screen printing process, soO
that it blocks the flow of the resin during the resin
sealing process. The dam 18 is formed as a ring at the
peripheral section of the resin-sealing region of the
semiconductor device that will be bonded later.

With reference to Fig. 5G, a semiconductor element 14
is bonded with a cushion bond 11. Next, with reference to

Fig. 5H, wire bonding is performed using wires 15. With

reference to Fig. 51, the semiconductor element 14 is sealed



substrate 1 in which at |least the wiring films 4 are forned is etched from
t he back surface until the nickel film3 for "etching stop is exposed.

Furt hernore, a sem conductor elenent 14 is nounted onto the etched side
and sealed with a resin. According to such a nmethod, the wiring filns
4 are formed on the netal substrate 1 by plating using the resist film?2
as a mask, electrode-formng holes 8 are forned in a base 8, and then
external electrodes 6 are forned by platingze -Thus, the wiring filnms 4 and
the external electrodes 6 are easily forned by el ectroplating, because the
metal substrate - 21 - lis

lectrical l | L ' 4 I al
eeuitod for o BAEIE el | wiinl PEAY oo FTh. 550 a FBinch AT 2

required for electroplating is e Wring

through the netgbmsabsiy 3l bbnde® WEEh & AddBRIgARLBAL CAG. form a plating
filmhaving higher quality than that of electroless plating, satisfactory

wiring film 4 and euiter RaFetted rasldicd 3Ke thadiéinforromrd mekbes, 191 De,
hi gh-density arrangenent of the wiring filns 4
bonded to the peripheral ring 9 with, for example, a silver
paste 21. The silver paste 21 is applied and is subjected
to reflow between the reinforcing member 19 and the
peripheral ring 9. A semiconductor device in the second
embodiment of the present invention is thereby formed.

The semiconductor device and the method for making the
semiconductor device in accordance with the second
embodiment also have similar advantages to those of the
first embodiment. In the second embodiment, a possible
modification is a metal substrate 1 not having a surface
nickel film 3 as in the first embodiment. The peripheral
ring 9 may be removed later to achieve miniaturization of
the semiconductor device, because the reinforcing member 19
sufficiently develops the reinforcing and electrostatic
functions in place of the peripheral ring 9.

The semiconductor device can be used in various
electronic devices, and particularly meets the high demands
of miniaturization in, for example, portable phones. Fig. 6
shows an electronic device A or a portable phone, in which a
semiconductor device C in accordance with the present
invention is mounted as an internal circuit of the

electronic device onto a mother board B.



and the external electrodes 6 can be achieved. Wth fineness of the wiring
films, the nunber of the wiring filns that are provided between the
external electrodes can be increased; hence the nunber of the external

el ectrode arrays and the nunber of the external electrodes can be

I ncreased. - Fig. 4Ais a cross-sectional view show ng a conventional
array pitch of the external electrodes. Fig. 4B is a cross-sectional view
showi ng an array pitch in accordance w t-h2the present invention. Fig. 4C
is a plan view showing that the wiring filnms between the external

el ectrodes are increased in this enbodinent. In a typical conventional

FPC-type senicqﬁgﬂp&?rcggyﬁﬁﬁ d. which fine patterning is difficult, the
width of the wiring film4 i1s 500 umfor the portion for formng the
external electrodes 6, or 50 umbetween the external electrodes 6, and the
di stance between the wiring filnms 4 is 50 um Thus, when the pitch of the
external electrode array semidendeased, dévikcewdmpriefingwi ring filnms 4
bet ween the external el ectrodes 6 cannot be
- 22 - a plurality of wiring films formed on a front surface
of a base comprising an insulating resin and having
electrode-forming holes, the surfaces of the wiring films
and the surface of the base being positioned on the same
plane and at least parts of the wiring films overlapping
with the electrode-forming holes;
a conductive material embedded into the electrode-
forming holes to form external electrodes on the back
surface, away from the wiring films, of the base;
a semiconductor element positioned on said front
surface of the base with an insulating film therebetween,
the back surface of the semiconductor element being bonded
to said front surface of the base; and

wires for bonding the electrodes of the semiconductor

element to the corresponding wiring films.

2. A semiconductor device according to claim 1,
wherein said semiconductor element and said wires are sealed

with a resin.

3. A semiconductor device according to claim 1,

wherein a metal ring is bonded on the front surface of the

NER L A



increased. In-contrast, fine patterning can be perforned in this )
enbodi ment; hence the nunber of the wiring filns 4a between the external
el ectrodes 6 can be increased as shown in Fig. 4C even when the pitch of
the external electrode array is decreased, permtting a multiple spherical
el ectrode array. This significantly contributes to nmulti- electrodes and
hi gh integration of sem conductor devices. Since the el ectrode-formng
hol es 8 can be forned by patterning the base -5 on the netal substrate 1,
finesse of the electrode-formng holes 8 is achieved. The size of the

el ectrode-form ng holes 8 can be reduced to 0.22 mmor less in arigid

substrate type, badierRa%hk! 3xkOWSr | d#ithe SoBnecfTRg U@ onf %?Wﬁ%hiQQ?L§FPC

type or 0.35 mmfor a conventional rigid substrate type. nesse o

el ectrode-formng tHwlwdxilgr €esuhés in a higher array density of the

el ectrode- formng holes 8. The electrode-formng holes 8 are fornmed by
patterning the insulating resin, hence working is not troublesone and
productivity is high conpared with a method requiring drilling of the
hol es. The regften Aosemigaridugtomedeviteapdddnddng &b cheimel al

substrate 1 is etched fron1the back surface until the nickel net al
under | ayer 3 f %ﬁﬁﬁ% fgL tﬁﬁm+%PQ§Hﬁi95d31§Be?ﬁaﬁn4tﬁ?lqnﬁﬁiﬁss§5§trate 1

remains as a ri t exte Jolf The be u e s a term na
of the ground e #gbéifﬁcgﬁ&ﬁp%mﬁﬁ (ﬁﬁ%ﬁ@en§néaYg? ng§HFEPdfﬂﬂ?'as
descri bed

5. A semiconductor device according to any one of

claims 1 to 4, wherein the base has vent holes.

6. A method for making a film circuit comprising:

a step of forming wiring films on a metal film for
stopping etching as an underlying layer by plating using a
mask film, the mask being selectively formed on a front
surface of a metal substrate;

a step of forming a base comprising an insulating resin
and having electrode-forming holes on the front surface of
the metal substrate such that at least parts of the wiring
films are partly exposed; and

a step of etching at least the region of the metal
substrate. in which the wiring films are formed, from the
back surface until the metal film for stopping etching is

exposed.

7. A method for making a film circuit according to

R D



- 23 - above. The ring 9 is fornmed in the peripheral region by etching,
wi th high working accuracy. Thus, the sem conductor device has a

peri pheral formwhich is highly accurate. In the production process
of the sem conductor device, the netal substrate 1 is used as a base
material, thus, deformation such as distortion does not occur in the
production process. Thus, handling and working are facilitated. The
peripheral ring 9 nay be renoved to mini-aRdrtze the sem conductor device
in some cases. Since the resin 16 has reinforcenent effects after resin
sealing, the peripheral ring 9 also having reinforcenent effects is not

al ways essenti &l1a3pd 6TBnofe M 4di@0 meR a3 OFR14 3688 s tloppi1h¥CBt8nERGCis t NE
peripheral ring 9 nay be renobved to mniaturize the sem conductor device.

Figs. 5A to 5K frfied’ BFSusSerd i tHelmaskewstet &8 siLks isofoement had for
maki ng a BGA-type sem conductor device in accordance with the present
i nvention, as defecrentlheewboithgrefitims are formed.

8. A method for making a film circuit according to
claim 6, wherein

the metal f£ilm for stopping etching is deposited on the
surface of the metal substrate;

a mask film is selectively formed on the metal film for
stopping etching, and the wiring films are formed on the
metal film as an underlying layer through the mask film by
plating; and

after completing the etching step for exposing the
metal film for stopping etching from the back surface at
least in the region of the metal substrate in which the
wiring films are formed, the metal film for stopping etching

is removed.

9. A method for making a semiconductor device using a
film circuit according toc claim 6, comprising a step of
forming external electrodes in the electrode-forming holes
and a step of electrically connecting the wiring films and

the electrodes of the semiconductor device.

10. A method for making a semiconductor device using a

N



Wth reference to Fig. 5A, a lamnate filmof a thin copper or copper
alloy film1 with a thickness of, for exanple, 150 umand a nickel film3
provi ded thereon for etching stop with a thickness of, for exanple, 2 um
is prepared as a netal substrate. Wth reference to Fig. 5B, copper
wiring films 4 with a - 24 -

t hi ckness of, for exanple, 25 umare selectively forned as follows. Resist
films are selectively formed on the surfaceo ef the nickel film3 to forma
mask, and copper filns. 4 are plated on the nickel film3 using the mask.
The process is substantially the same as that in the first enbodi nent.

Thus, the wi 1| ngi il I8ofs2" Bodgtefild Y9l Laboh™d Smdie 1548 sTBHNGE as in

the first enbodinent. In the first 'enbodi nent, however, the nme

substrate is corgaened ektePRREleDictTode@PRAr thé | OleditiodeafoltidgSHoiase
nickel film hence a nickel film3 for etching stop is fornmed by plating

usi ng a resistardd lansaepaofiaskecianictaillgn cobhrectpperthe mimdngi Ehdmd amde

formed by plating. In the second enmbodi ment, the nickel
the electrodes of the semiconductor device.

11. An electronic device comprising a semiconductor
device comprising: a plurality of wiring films formed on a
front surface of a base comprising an insulating resin and
having electrode-forming holes, the surfaces of the wiring
films and the surface of the base being positioned on the
same plane and at leasfhbarts of the wiring films
overlapping with the electrode-forming holes: a conductive
material embedded into the electrode-forming holes to form
external electrodes on the back surface, away from the
wiring films, of the base; a semiconductor element
positioned on said a front surface of the base with an
insulating film therebetween, the back surface of the
semiconductor element being bonded to said front surface of
the base; and wires for bonding the electrodes of the

semiconductor element to the corresponding wiring films.

12. An electronic device according to claim 11,
wherein said semiconductor element and said wires are sealed

with a resin.

W



film3 has already been fornmed on the netal substrate, and the formation
of the nickel film3 by plating is not necessary. Wth reference to
Fig. 5C, bases 5 conposed of polyimde are selectively fornmed as in the
first enmbodinment to formelectrode-form ng holes 8 and vent holes 10 which
are considerably smaller than the el ectrode-form ng hol es 8. Wth
reference to Fig. 5D, nickel filnms 6 are deposited in the

el ectrode-form ng holes 8 by plating so as3flo- protrude fromthe

el ectrode-formng holes 8. Solder films 16 with a thickness of, for
exanpl e, approximately 100 um are fornmed on the nickel film 6 with a

thickness of 40 to 3350 MNejectronic device according to claim 11, - 29 -
Wth reference to Fig. 5E, the copper portion on the netal substrate 1 is

sel ectively etchedesa tAsd idieicotiduater efehmdrer nindkehiki Wirdsi srexposed and
the metal substrate 1 is |left as a peripheral ring 9 at the peripheral
section. In thevetreli wijthtderainfosicemehin Bavimar ks dewalvang bdhdéhted ofFre.

[



wiring film 4, that is, functions as a nmetal filmfor stopping etching.
Wth reference to Fig. 5F, the nickel film3 for etching stop is renoved
by etching, because the nickel film 3 fornmed on the entire surface of the

substrate 1 will cause short-circuiting if it is allowed to remain. In
contrast, in the first enbodi nent, the nickel filnms 3 and the wiring
filme 4 are fornmed by the sane pattern, hence etching between the wiring
films is not necessary, and this step is nq provi ded. A dam'18 is

formed on the surface after renoving the ni"€kel film3 by, for exanple,

The rosin seari ng pr SeeEOumERoR prdtciE duiOn SR iRl Tk R -

peri pheral section of the r38SDnNEERGTRONIC AFVLCEOUSING THENS8YHRduct or devi ce
that will be bonded |ater. Wth reference to Fig. 5G a sem conductor
element 14 is bonded with a cushi on bon®BSIRAgEXt, with reference to Fi g.

Th e Do 10 12 R ACL B SR o! BEOS, Al PSSP

are formed on a front surface of a base comprising an
insulating resin and having electrode-forming holes, the
surfaces of the wiring films and the surface of the base
being positioned on the same plane and at least parts of the
wiring films overlapping with the electrode-forming holes; a
conductive material is embedded into the electrode-forming
holes to form external electrodes on the back surface, away
from the wiring films, of the base; a semiconductor element
is positioned on the front surface of the base with an
insulating film therebetween, the back surface of the
semiconductor element being bonded to said front surface of
the base; wires bond the electrodes of the semiconductor
element to the corresponding wiring films; and a resin seals

the wiring f£films and the wires.

Figure 7B



- 26" - with aresin. Wth reference to Fig. 5J, a reinforcing nenber 19
is bonded with a bondi ng agent 20. Wth reference to Fig. 5K the
reinforcing nmenber 19 is bonded to the peripheral ring 9 with, for
exanple, a silver paste 21. The silver paste 21 is applied and is
subjected to reflow between the reinforcing nmenber 19 and the peripheral
ring 9. A sem conductor device in the second enbodinent of the present
invention is thereby forned. The sem conduct or device and the net hod
for making the sem conductor device in accordance with the second
enbodi nent al so have sinilar advantageslt67those of the first enbodinent.
In the second enbodi nent, a possible nodification is a netal substrate 1
not having a surface nickel film3 as in the first enbodi ment. The
peripheral ring 9 may be renoved |later to achieve mniaturization of the
sem conduct or device, because the reinforcing nenber 19 sufficiently
devel ops the reinforcing and electrostatic functions in place of the
peri pheral ring 9. The se can be used |n varlzous

[]
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invention is nounted as an internal circuit of the electronic device onto
a not her board B. ) - 27 - VWHAT | S
CLAI MED 1 S: 1. A sem conductor device conpri sing: a plurality
of wiring filnms forned on a front surface of a base conprising an

i nsul ating resin and having electrode-form ng holes, the surfaces of the
wiring films and the surface of the base being positioned on the sane

pl ane and at |east parts of the wiring filns overlapping wth the

el ectrode-form ng hol es; a conductive material enbedded into the

el ectrode- formng holes to forn1ext§ipa+ el ectrodes on the back surface,
away fromthe wiring filnms, of the bas¥] a sem conduct or el enent
positioned on said front surface of the base with an insulating filmthere
bet ween, the back surface of the sem conductor el enent being bonded to
said front surface of the base; and wires for bonding the el ectrodes
of the sem conduct or
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el ement to the corresponding wiring filns. 2. A sem conductor device
according to claiml1l, wherein said sem conductor elenent and said wres

are sealed wth a resin. 3. A sem conductor device according to
claiml1l, wherein a netal ring is bonded on the front surface of the

- 28 - base at the exterior of the connecting sections with wires in the
wiring fil ms. 4. A sem conductor device according to claim1l
wherein said sem conductor elenment and said wires are covered with a

rei nforcenent having a downward indented face. 5. A sem conduct or

devi ce according to any one of clainES%/Lp 4, wherein the base has vent
hol es.
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6. A-methed for making a filmcircuit conprising: a step of formng
wiring films on a netal filmfor stopping etching as an underlying Fayer
by plating using a nmask film the mask being selectively formed on a front
surface of a nmetal substrate; a step of formng a base conprising an
insulating resin and having electrode-form ng holes on the front surface
of the netal substrate such that at |east parts of the wiring filns are
partly exposed; and a step of etching at |east the region of the netal
substrate, in which the wiring filns are formed, fromthe back surface
until the nmetal filmfor stopping etching is exposed. 7. A nmet hod
for making a filmcircuit according to4./ 7

- 29 - claim6, wherein said netal filmfor stopping etching is forned
by using the mask after said nmask is forned and before the wiring filns
are fornmed.
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8. A'nmethod for making a filmcircuit according to claim®6, wherein
the nmetal filmfor stopping etching is deposited on the surface of the

netal substrate; a mask filmis selectively formed on the netal film
for stopping etching, and the wiring filns are formed on the netal film
as an underlying layer through the mask filmby plating; and after

conpleting the etching step for exposing the netal filmfor stopping
etching fromthe back surface at |east in the region of the netal
substrate in which the wring filns 839 formed, the nmetal filmfor
stopping etching is renoved. A nethod for making a sem conduct or
device using a filmcircuit according to claim®6, conprising a step of
form ng external electrodes in the electrode-form ng holes and a step of
el ectrically conpecti ng e wring filnms and the el ectrodes of the

sem conduct or degﬁc@ f'_‘t)la 10. A nethod for making a sem cgnductor devi ce
using a -
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- 30 - filmcircuit according to claim?7,-conprising a step of formng
external electrodes in the electrode-formng holes and a step of

€l ectrically connecting the wiring filns and the el ectrodes of the

sem conduct or devi ce. 11. An electronic device conprising a

sem conductor device conprising: a plurality of wiring filnms forned on a
front surface of a base conprising an insulating resin and having

el ectrode-form ng holes, the surfaces of the wiring filns and the surface
of the base being positioned on the gapey plane and at |east parts of the
wiring filnms overlapping with the electrode-form ng holes; a conductive
mat eri al enbedded into the electrode-formng holes to form external

el ectrodes on the back surface, away fromthe wring filnms, of the base; a
sem conductor elenment positioned on said a front surface of the base with
an insulating f he tween, the back surface of the sem conductor

el ement being bonded to sald front surface of the base; and wires for
bondi ng the el ectrodes of the sem conductor el dfkent to the correspondi ng
wiring filnms. 12. An el ectroni c dewee aPc?iHing to claimgl
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wherein said sem conductor element and said wires are sealed with a resin.

- 31 - 13. An el ectronic device according to claim11l, wherein said
sem conductor elenent and said wires are covered with a reinforcenment
havi ng a downward i ndented face.
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