PROCESS FOR- PRCDUCING 'AN ANl SOTROPI C CONDUCTI VE FI LM Descri ption ﬁFEffﬁCF

THE | NVENTI ON The present invention relates to a process for pro- ducing an e,
ani sotropi C conductive filmhaving high relia- bility in electrical

connecti on. BACKGROUND OF THE INVENTICN EP- A1-0 213 774 discloses a | ow
tortuosity porous

ANISOTROPIC CONDUCTIVE FILM AND
PROCESS FOR PRODUCING SAME

FIELD OF THE INVENTION

The present invention relates to an anisotropic
conductive film having high reliability in electrical
connection and a process for producing the same.

BACKGROUND OF THE INVENTION

In the field of semi-~conductors, with the recent

development of electronic equipment having multiple

functions, a reduced siée and a reduced weight, a circuit has
become denser, and a fine circuit pattern having manry pins at
a narrow pitch has been used. In order to cope with the:
demand for fineness of a circuit pattern, it has been
attempted to connect a plurality of conducting patterns

formed on a substrate and a conducting pattern or an IC or an
LSI via an anisotropic conductive film therebetween.

For example, JP-A~55-161306 (the'term "JP-A" as

used herein means an "unexamined published Japanese patent
application") discloses an anisotropic conductive sheet
comprising an insulating porous sheet in which the fine
through-holes of a selected area are metal-plated. On
connecting an IC, etc., since the sheet has no metallic
projections on its surface, it 1is necessary to form a
projected electrode (bump) on the IC on the connecting pad

side, making the connection step complicated.
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pol ymer sneets with nmetal plated in the pores so as to project beyond $heet
surfaces provide uniaxial electrical interconnects. Afirst flash |ayer of
metal is electrolessly plated in the pores and the flash coating of netal
is then renoved fromthe sheet surface to isolate the pores electrically
fromone another. Further plating is then ap- plied only to the al ready

pl ated pore surfaces to fill the pores and/or project beyond the sheet

surf : ili 1 i
ace. Sol der In an attempt to facilitate connection, as shown in

Fig. 2, it has been proposed to fill a metallic.substance 3
in fine'through-holes 2 of an insulating sheet 1 formed in
the thickness direction in such a manner that the resulting
anisotropic conductive film has metallic bumps 4 projected
from the film surface, as disclosed in JP-A-62-43008, JP-A-
63-40218, and JP-A-63-94504. However, adhesion between

3&@ filled metallic substance 3 and insulating film 1 is not so
3 sufficient that the metallic substance is apt to fall off.
It follows that the fine through-holes, which is ought to
exhibit conductivity, fails to exhibit conductivity and lacks
reliability in electrical connection.

SUMMARY QOF THE INVENTION

An object of the present invention is to provide an
anisotropic conductive film which surely exhibits anisotropic
conductivity to assure high reliability in electrical
connection.

é@ ' Another object of the present invention is to
provide a process for producing the above anisotropic
conductive film.

Other objects and effects of the present invention
will be apparent from the following descxription.

As a result of extensive investigations, the
inventors have found thét the above objects of the present
invention is accomplished by an anisotropic éonductive £ilm
comprising an insulating filmlhaving fine through-holes

_—
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may fill the plated pores. Polyner layers may be re- noved froftheé stéets
t of expose the netal in the pores. The articles -are-useful” in nmekirng- - :

el gctrical connections to the contact pads of micro-circuits during testing
anfl assenbly into electronic devices. In the field of sem -conductors. with
the recent de- vel opnent of electronic équi pnment having multiple func- -
tipns, a reduced size and a reduced weight, a circuit has

independently piercing the film in the thickness direction of
the insulating film, each of-the through~holes being filled
with a metallic substance in such a manner that at least one
end of each through-hole has a bump-like projection of the
metallic substance having a bottom area larger than the
opening of the through-hole.

BRIEF DESCRIPTION QF THE INVENTION

Fig. 1 illustrates a cross section of the

: %@ anisotropic conductive film according to one embodiment of
the present invention.
Fig. 2 illustrates a cross section of a
conventional anisotropic conductive film having bumps.
Fig. 3 illustrates a cross section of another

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is now explained by referring

to the accompanying drawings.

Fig. 1 shows a cross section of the anisotropic
conductive film according to one embodiment of the present
invention. In Fig. 1, insulating film 1 has fine through-

holes 2 which pierce the film in the thickness direction. A

conducting path filled with metallic substance 3 reaches both
the obverse and the reverse of the film. On each end of each
through-hole 2 there is provided a metallic bump-like

projection 4 having a larger bottom area than the opening
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%becone denser, and a fine circuit pattern having nmany pins at a narrew
pitch has been used. In order to cope with the demand for fineness. ‘of: a
circuit pattern. it has been attenpted to connect a plurality of conducting
pat- terns formed on a substrate and a conducting pattern or an I C or an
LSl via an ani sotropic conductive filmther- ebetween. For exanple, JP-A-

55-161306 (the term"JP-A" as
area of through-hole 2. The metallic subsﬁance obstructs
through-hole 2 in the form of a double-headed rivet.

The diameter of the through-hole is generally from
15 to 100 um, and preferably from 20 to 50 pm. The pitch of
the through-holes is generally from 15 to 200 um, and ‘
preferably from 40 to 100 um.

Insulating film 1 which can be used in the present
invention is not particularly limited in material as long as
| it possesses electrically insulating characteristics. The
material of the insulating film can be selected according to
the end use from a wide variety of resins, either
thermosatting ox theimoplastic, including polyester resins,
epoxy resins, urethane resins, polystyrene resins,
polyethylene resins, polyamide resins, polyimide resins, ABS
resins, polycarbonate resins, and silicone resins. For
example, elastomers, such as a silicone rubber, a urethane

~rubber, and a fluorine rubber, are preferably used in cases

where flexibility is required; and heat-resistant resins,
such as polyimide, polyether sulfone, and polyphenvlene
sulfide, are preferably used in cases where heat resistance
is required.

The thickness of insulating f£ilm 1 is arbitrarily
selected. From the viewpoint of precision and variability of
£ilm thickness and through-hole diameter, the film thickness
is generally from 5 to 200 pm, and preferably from 10 to 100

M.
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used herein nmeans an unexani ned publ i shed Japanese patent appli cat-i-on*)
di scl oses an ani sotropi c conductive sheet conprising an insulati.ng porous
sheet in which the fine through-holes of a sel’'ected area are netal -plat; -
ed. On connecting an IC, etc., si-nce the sheet has no netallic projections
on its surface. it is necessary to forma projected el ectrode (bunp) on the
| C on the connect- ing pad side. making the connection step conpli cated.
Metallic substance 3 which is filled in the fine

through-hole to form a conducting path and which forms bump-

like projections 4 includes various metals, e.g., gold,

silver, copper, tin, lead, nickel, cobalt, and indium, and

various alloys of these metals. The metallic substance

preferably does not have high purity, but preferably contains

a slight amount of known organic and inorganic impurities.

Alloys are preferably used as the metallic substance.

The conducting path can be formed by wvarious
techniques, such as sputtering, vacuum evaporation, and
plating. In the case of plating, fo; example, the bump-like
projection having a bottom area larger than the opening of
the through-hole can be produced by prolonging the plating
‘time.

Fine through-holes 2 can be formed in insulating
film 1 by mechanical processes, such as punching, dry etching

using a laser or plasma beam, etc., and chemical wet etching

z
3

i using chemicals or solvents. Etching can be carried out by,

for example, an indirectletching process in which a mask of a
desired shape, e.g., a circle, a square, a rhombus, etc., is
placed on insulating film 1 in intimate contact and the film
is treated via the mask; a dry etching process in which a
condensed laser beam is irradiated on insulating film 1 in
spots or a laser beam is irradiated on insulating fil
through a mask, and a direct etching process in which a
pattern of fine througn-holes is previously printed on
T
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_ proposed to fil

In an attenpt to facilitate connection. as shown in Fig. 2. it hds.been

a netallic substance 3 in fine through-holes 2 of an -

i nsulating sheet 1 forned in the thickness direction in such a manner that
t he re-

)

insulating film 1 by using a photosensitive resist and the

film is then subjected to wet etching. In order to make a

finely patterned circuit, the dry etching process and the wet

etching process are preferred. In particular, a dry etching

process utilizing aggression by an ultraviolet laser beam,

such as an exima laser beam, 1s preferred for obtaining a

high aspect ratio.

If the through-holes are formed by using a laser

beam, the diameter of the throughFhole on the
the laser beam is incident become larger than
the opposite side, as shown in Fig. 3. It is

the through-holes are formed in such a manner

side on which
the diameter on
preferred that

that the angle

a formed by the through-holes with the surface of the

insulating film as shown in Fig. 1 and 3 falls within a range

of 90120° and that the planar area of the through-holes is

more than (film thickness x 5/4)%. Such a structure is

effective for the subsequent step of metal filling taking

wettability of the hole wall by a plating solution into

consideration.

Metallic projection(s) 4 formed on the opening(s)

of through-hole 2 should have a larger bottom area than the

planar area of through-hole 2, preferably a bottom area at

least 1.1 times the planar area of through-hole 2, whereby

the conducting path formed in through-hole 2 never falls off

while exhibiting sufficient strength against a shearing force
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sultlng ani sotropic conduct i ve filmhas metallic bunps 4 projected fromthe
filmsurface. as disclosed in JP-A- 62-43008. JP-A-63-40218. and

JP- A-63-94504. How ever. adhesion between filled netallic substance 3 and
insulating film21 is not so sufficient that the netallic sub- stance is apt
to fall off. It follows that the fine through- holes. which is ought to
exhi bit conductivity. fails to ex- hibit conductivity and | acks reliability

in electrical con- . ) . .
exerted in the film thickness direction and, thus,

reliability of electrical connection can be improved.

The anisotropic conductive film according to the
present invention can be produced, for example, by a process
comprising:

(1) a steé in which fine through-holes are

provided in only an insulating film of a laminated

film comprising an insulating film and a conductive
éﬁ@ layer (laminated either directly or via an
adhesive layer), or a conductive layer is laminated
on an insulaﬁing.film previously having fine
through-holes therein (the conductive layer should
be laminated so that the fine pores may pierce the
insulating film or be femoved after laminating);

(2) a step in which the conductive layer

positioned at the bottom of the through-holes is

etched to form a rivet-like dent;

@g% (3) a step in which a metallic substance is
filled in the fine through-holes and the rivet-like
dent, and further deposited to form bump-like
projections by plating (e.g., electroplating or
electroless plating); and
(4) a step in which the conductive layer
laminated on the insulating film is removed by

chemical etching or electrolytic corrosion.

-
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nection. SUMMVARY OF THE | NVENTI ON An obj ect of the present invention-is-to
provi de a process for produci ng an ani sotropic _conductive film which surely
-exhi bits ani sotropic conductivity to assure high reliability in electrical
connection. O her objects and effects of the present invention will be
apparent fromthe follow ng description.

The formation of the bump-like metallic projections
in step (3) above may be conducted after step (4).

In the case where the bump—like projections'are
formed on one side of the insulating film, the projections
are preferably formed on the side where the diameter of the
through-hole is smaller than that of the opposite side as
shown in Fig. 3. Therefore, in the above step (1), the

conductive layer is preferably provided on the side having a

smaller through-hole diameter and a rivet-like dent is formed
on the conductive layer.

In the formation of the bunmp-like metallic
projections, it is preferred that the metallic substance is
formed as microcrystalline. Where electroplating is
performed at a high electrical current density, arborescent
crvstals are formed in some cases, failing to form bumps.
Smooth and uniform projections can be formed by controlling a
deposition rate of metallic crystals or controlling the kind
ﬁ%@ of a plating solution or the temperature of a plating bath.

In order to form bump-like metallic projections
having a larger bottom area than the opening area of through-
hoies, it is necessary to alloQ a metallic deposit to grow
nct only over the level of the qpening, i.e., the surface of
the insulating f£ila but to the transvérse direction from the
opening to make a rivet form. The height of the projections

can be selected arbitrarily according to the pitch of the

- —
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The above identified objects of the present inven- tion are achi eved.by.the
subject matter of clains 1 and 2. As a result of extensive investi gations,
the inventors have found that the above object of the present inven- tion
i s acconplished by a process for producing an an- isotropic conductive film
conprising an insulating filmhaving fine through-holes independently
piercing the filmin the thickness direction of the insulating film each

- i'aB

holes or the end use, and is.generally 5 um or more,
preferably from 5 to 100 um.'

In cases where a conductive layer on the bottom
side of the through-holes is removed and a rivet-like bump is
formed there, the bottom area of the bump is preferably at
least 1.1 times that of the through-hole. If the bottom area
of the bump is smaller than 1.1 times that of the though-
hole, the projection formed is less effective aé a rivet-like
bump, and desired effects cannot be obtained in some cases.

The present invention is now illustrated in greater
detail by way of the following Example, but it should be
understood that the present invention is not deemed to be
limited thereto.

EXAMPLE

A polyimide precursor solution was coated on a
copper foil to a dry film thickness of 1 mil and cured to
prepare a two-layer film composed of a copper foil and a
polyimide £ilm.

A KrF an exima laser beam having an oscillation
wavelength of 248 nm was irradiated on the polyimide £ilm
through a mask for dry etching to form fine through-holes
having a diameter of 60 um at a pitch of 200 pm per mm in an
area of 8 cm’. |

A resist was coated on the copper foil and cured
for insulation. The film having a resist layer was immersed

in a chemical polishing solution at 50°C for 2 minutes,

-9 - Sheet Has Been Replaced
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of the through-holes being filled with a netallic sub- stance in such S
. manner that at |east one end of each through-hole has a bump-1ike
projection of the metallic substance having a bottom area |arger than the
openi ng of the through-hole. BRI EF DESCRI PTION OF THE I NVENTION Fig. 1
Illustrates a cross section of the anisaotropi conductive film produced
according to one enbodi nen

followed by washing with water. The copper foil was
connected to an ele¢trode and soaked in a gold cyanide
plating bath at 60°C, and a gold deposit was allowed to grow
in tﬁe through-holes with the copper foil as a negative |
electrode. Electroplating was ceased when the gold deposit
slightly projected from the polyimide film surface
(projection height: 5 pm).

Finally, the resist layer was peeled off, and the
copper foil was removed by dissolving with cupric chloride to
obtain an anisotropic conductive film according to the
present invention.

In the anisotropic conductive film of the present
invention, the metallic substance filled as a conducting path
is sufficiently adhered to the insulating film and undergoes
no fall off. Thus; the fine through-holes sufficiently
exhibit conductivity as essentially required as conducting
paths to afford high reliability of electrical connection.
@%@ While the .invention has been described in detail

and with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modlrlcat1ons can be made therein without departing from the

spirit and scope thereof.
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of the process of the present invention. Fig. 2 illustrates a cross-section
of a conventional anisotropic conductive film baving bunps. Fig. 3
illustrates a cross section of another enbod- inent of the present

 nvent fon. R 00

WHAT IS CLAIMED 1S:

1. An anisotropic conductive film comprising an
insulating film having fine through-holes independently
piercing the film in the thickness direction of said
insulating film, each of the throﬁgh—holes being filled with
a metallic substance in such a manner that at least one end
of each through-hole has a bump-like projection of said

metallic substance having a bottom area larger than the

opening of said through-hole.

2. An anisotropic conductive film as claiﬁed in

claim 1, wherein the through-holes forms an angle of 90+20°
" with the surface of said insulating film and the planar area
of the through-holes is more than. (film thickness x 5/4)2.

3. An anisotropic conductive film as claimed in
claim 1, wherein said metallic projection has a bottom area
at least 1.1 times the planar area of th:ough—hole.

4. A process for producing an anisotropic

conductive f£ilm, which comprises:

(1) a step in which fine through-holes are
provided in only an insulating film of a laminated film
comprising said insulating fi’m and a conductive Layer, or a
conductive layver is laminated on an insulating Lllm
previously having fine_through—holes therein;

(2) a step in which said conductive layer
positioned at the bottom of said through-holes is etched to

form a rivet-like dent;

- 11 =~
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- 3- DETAI LED DESCRI PTI ON OF THE | NVENTI ON The—present 1 nvention is:wa

expl ained by referring to the acconpanyi ng draw | a cross
section of the anisotropic con- ductive film p\rlrmgm;lmuﬂm‘wﬁo one
enbodi nent of the present invention. In Fig. 1, +nsulatiMg filtm1 has fine
t hrough-hol es 2 which pierce the filmin-the thickness

(3) a step in which a metallic ‘substance is

illed in said fine through-holes and said rivet- 11<e dent,

th

and further deposited to form bump-like projections by
plating; and
(4) a step in which said conductive layer

(=

laminated on said insulating film is removed by chemical
etching or electrolytic corrosion.
5. A process for producing an anisotropic
@%5 conductive film, which comprises:
(1) a step in which fine through-holes are
provided in only an insulating film of a laminated film

comprising said insulating film and a conductive layer, or a

[}

conductive layer is laminated on an insulating £film
previously having fine through-holes therein;
(2) a step in which said conductive layer

positioned at the bottom of said through-holes is etched to

form a rivet-like dent;

(3) a step in which a metallic substance is

filled in said fine through-holes and said rivet-like dent by

(4) a step in which said ccnductive layer
ted on said insulating film is removed by chemical
etching or electrolytic corrosion; and
(%) a step in which said ﬁetallic substance is

further deposited to form bunp-like projections by plating.
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direction. A conducting path filled with metallic sub- stance 3 reaches é
both the obverse-and the reverseﬂﬁi*the‘filnL On-each end of each

t hrough-hole 2 there is provided a netallic bunp-like projection 4 having a
| arg- er bottom area than the opening area of through-hole 2. The netallic
substance obstructs through-hole 2 in-the formof a doubl e-headed rivet.
The di anmeter of the through-hole is generally from
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15 to 100 [err]m and preferabl y"/from 20 to 50 [err]m The pitch of the
t hrough-holes is generally from 15-/to 200 [err]m -and preferably from40 to
100 [err]m Insulating film1 which can be used in the present invention is
not particularly limted in material as long as it possesses electrically
insul ating characteristics. The material of the insulating filmcan be
sel ected according to the end use froma wide variety of resins either

t her -
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nosetting or thernoplastic. including polyester resins, epoxy resins:
ur et hane resins polystyrene resins. pol-~yethy|ene Tesins, polyamde
resins, polyimde resins. ABS resins. polycarbonate resins. and silicone
resins. For exanple, elastoners, such as a silicone rubber, a urethane
rubber, and a fluorine rubber. are preferably used in cases where
flexibility is required:- and heat-re- sistant resins. such as polyimde,

polyether sulfone, and  ,periace oF THE DISCLOSURE

An anisotropic conductive film is disclosed,
cemprising an insulating film having fine through-holes
indepencently piercing thé £film in the thickness direction,
each of the through-holes being ;lllea with a metallic
substance in such a manner that at least one end of each
through-hole has a bump-like projection cf said metallic

substance having a bottom area larger than the opening of the

through-hole. The metallic substance serving as a conducting

rath is prevented from falling off, and sufficient
conductivity can be thus assu:ed
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pol yphenyl ene sul fi de,
IS required. The thickness of

t hrough-hol e diameter, the fil

[err]m and preferably from10 to 100 [err]m Metallic substgnc

filled in the fin
—‘.'.f’/
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are preferably used in cases where heat
insulating film2l is arbitrarily se-
From t he vi ewpoi nt of precisiion and variability of filmthick

mthick- ness is generally fro

ANISOTROPIC CONDUCTIVE FILM AND
PROCESS FOR PRODUCING SAME

FIELD OF THE INVENTION

resi $ePdanr”

| ect ed.
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The present invention relates to an anisotropic

conductive film having high reliability in electrical

connection and a process for producing the same.

BACKGROUND OF THE INVENTION

In the field of

semi-conductors, with the recent

development of electronic
functions, a reduced- size

become denser, and a fine

a narrow pitch has been used.

equipment having multiple

and a reduced weight, a circuit has

circuit pattern having many pins at

demand for fineness of a circuit pattern, it has been

attempted to connect a plurality of conducting patterns

In order to cope with the

formed on a substrate and a conducting pattern or an IC or an

LSI via an anisotropic conductive film therebetween.

For example, JP-A-55-161306 (the term "JP-A" as

used herein means an "unexamined published Japanese patent

'application") discloses an anisotropic conductive sheet

comprising an insulating porous sheet in which the fine

through-holes of a selected area are metal-plated.

connecting an Iic, etc.,

projections on its surface

'prOJected electrode (bump) on the IC on the connecting pad

Fwn ’?‘"*

On

since the sheet has no metallic

; it is necessary to form a

S

side, maklng the connect;on”ttep complicated.
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t hrough-hole to forma conducting path and which form dun PLAGEM P@Eﬁ%ﬁﬁcns
4.includes various netals, e.g, gold, silver, copper, tlinq, |ead, nickel],

cobal t, and indium -4- and various alloys of these mjtaZé.SE]hqgg@t |1

sub-

c
2

|

in an attempt to facilitate connection, as shown in

Fig. 2, it has been proposed to fiil_a metallic substance 3
in fine through-holes 2 of an insulating sheet 1 formed in
the thickness direction in such a manner that the resulting
anisotropic conductive film has metallic bumps 4 projected
from the film surface, as disclosed in JP-2A-62-43008, JP-A-
63-40218, and JP-A-63-94504. However, adhesion between
filled metallic substance 3 and insulating f£ilm 1 is not so
sufficient that the metallic substance is apt to fall off.

It follows that the fine through-holes, which is ought to

exhibit conductivity, fails to exhibit conductivity and lacks

reliability in electrical connection.
SUMMARY OF THE INVENTION

An object of the éresent invention is to provide an
anisotropic conductive film which surely exhibits anisotropic
conductivity to assure high reliability in electrical
connectionT

Another object of the present invention is to
provide a process for producing the above anisotropic
conductive f£ilm.

Other objects and effects of the present invention
will be apparent from the following description.

As a result of extensive investigations, the

inventors have found that the above objects of the present

" invention is accomplished by an anisotropic conductive film

comprising an insulating'film having fine through-holes
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stance preferably does not have high purity, but prefer} abky § Etgbgs-a
slight anmpbunt of known organic and in- organic inpuritijes 4 g
preferably used as the ne- tallic substance. The conduct i bgwpath-can-b
formed by various tech- niques, such as sputtering, vac un1evaporat|on
plating. In the case of plating, for exanple, the bunp-
having a bottom area | arger than the

independently piercing the film in the thickness direction of .

the insulating film, each of the through-holes being filled
with a metallic substance in such a manner that at least one
end of each thrdugh-hole has a bump-like projection of the
metallic substance having a bottom area larger than the
opening of the through—hole.
BRIEF DESCRIPTION OF THE INVENTION

Fig. 1 illustrates a cross section of the
anisotropic conductive film according to one embodiment of
the present invention. |

Fig. 2 illustrates-a cross section of a
conventional anisotropic conductive £ilm having bumps.

Fig. 3 illustrates a cross section of another
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is now explained by referring
to the accompanying drawings.

Fig. 1 shows a cross section of the anisotropic
conductive film accbrding to one embodiment of the present
ihvention. In Fig. i, insulating film 1 has fine through-
holes 2 which pierce the film in the thickness direction. A
conducting path filled with metallic substance 3 reaches both
the obverse and the reverse of the film. On each end of.each
through-~-hole 2 there is provided a metallic bﬁmp-like

projection 4 having a larger bottom area than the opening
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openi ng of the through-hole can be produced by pro- |onging the plating
time. Fine through-holes 2 can be fornmed in insulating film21 by nechani cal
processes. such as punching, dry etching using a |aser or plasnma beam etc.
and chem ical wet etching using chem cal sgor solvents. Etching can be
carried out by, for exanple an indirect etching process in which a mask of
a desired shape e.g., a cir- '

area of through-hbie 2. . The metallic substance obstructs
through-hole 2 in the-fo:m of a double-headed rivet.

The diameter of the through-hole is generally from
15 to 100 pum, and preferably from 20 to 50 um. The pitch of
the through-holes is génefally from 15 to 200 pm, and
preferably from 40 to 100 pm.

Insulating film 1 ﬁhich can be used in the present
invention is not particularly limited in ﬁaterial as long as
it possesses electrically insulating characteristics; The
material of the insulating.film can be selected according to
the end use frxrom a'wide variety of resins, either
thermosetting or thermoplastic, including polyester resins,
epoxy resins, urethane resins, polystyrene resins,
_polyethylene resins, polyamide resins, po%yimide resins, ABS
resins, polycarbonate resins, and silicone resins. For
example, elastomers, such as a silicone rubber, a urethane
rubber, and a fluorine rubbexr, are preferably used in cases
where flexibility is required; and heat-fesistant resins,
such as polyimide, polyether sulfone, and polyphenylene
sulfide, are preferably used in cases where heat resistance
is required. .

The thickness of ;nsuléting film 1 is arbitrarily
selected. From the viewpoint of precision and variability of
£ilm thickness and-through—hoie diameter, the f£ilm thickness
is generally from 5 to 200 um, and preferably from 10 to 100
pm. |

’___________7_4___
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cle, -a square, a rhonbus, etc., is placed on insulating film11 in intinmte

cont act
whi ch a
a | aser
et chi ng
printed
is then

and the filmis treated via the mask: a dry etching process in
condensed | aser beamis irradiated on insulating film21l in spots or
beamis irradiated on insulating fismthrough a mask, and a direct
process in which a pattern of fine through-holes is previously

on insulating film1 by using a photosensitive resist and the film
sub- . :
Metallic substance 3 which is filled in the fine

through-hole to form a conducting path and which forms bump-
like projéctions 4 includes various metals, e.g., gold,
silver, copper, tin, lead, nickel, cobalt, and indium, and
various alloys of these metals. The metallic substance
preferably does not have high purity, but preferably contains
a slight amount of known organic and inorganic impurities.
Alloys are preferably used as the metallic substance.

- The conducting path can be formed bf various
téchniques, such as sputtering, vacuum evaporation, and
plating. In the case of plating, for example, the bump-like
projection having a bottom area larger than the opening of
the through-hole can be produced by prolonging the plating
time.

- Fine through-~holes 2 can be formed in insulating
film 1 by mechanical processes, such as punching, dry etching
using a laser or plasma beam, etc., and chemical wet étching
uéing chemicals or solvents. Etching can be carried out by,
for example, an indirect etching process in which a mask of a
desired shape, e.g., a circle, a square, a rhombus, etc., is
placed on insulating film 1 in intimate contact and the film
is treated via the mask; a dry etching process in which a
condensed laser beam is irradiated on insulatiné film 1 in
spots or a laser beam is irradiated on insulating film
through a mask, and a direct etching process in which a

pattern of fine through-holes is previously printed on
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jected to wet etching. In order to nake a finely patterned circuit. the dry
et ching process and the wet etching proc- ess are preferred. In particular,
a dry etching process utilizing aggression by an ultraviolet |aser beam
such as an exinma | aser beam is preferred fd¢ obtaining a high aspect
~ratio. If the through-holes are forned by using a | aser beam the di anet er

. of the through-hole on the side on

insulating film 1 by using a photosensitive resist and the
film is then subjected to wet etching. In order to make a
finely patterned circuit, the dry etching process and the wet
etching process are preferred. In particular, a dry etching
process utilizing aggression by an ultraviolet laser beam,
such as an exima laser beam, is preferred'for obtaining a
high aspect ratio.

If the through-holes are formed by using a laser
beam, the diameter of the through-hole on the side on which
the laser beam is incident become larger than the diameter on
the opposite side, as shown in Fig. 3. It is preferred that
the through-holes are formed in such a manner that the angle
a formed by the throughéholes with the surface of the
insulating film as shown in Fig. 1 and 3 falls within a range
of 90120° and that the planar area of the through-holes is
more than (film thickness x 5/4)%. Such a structure is
effective for the subsequent stép of metal filling taking
wettability of the hole wall by a plating solution into
consideration.

Metallic projection(s) 4 formed on the opening(s)
of through-hole 2 should have a larger bottom area than the
planar area of through-hole'2, preferably a bottom area at
least 1.1 times the planar area of through-hole 2, wherebj
the conducting path forméd in through-hole 2 never falls off

while exhibiting sufficient strength against a shearing force
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which the | aser beamis incident becone |arger than the dianeter on the
opposite side. as showmn in Fig. 3. It is preferred that the through-hol es
are formed in such a. manrier that the angle [err]. forned by the

t hrough-holes with the surface of the insulating filmas showm in Fig.1 and
3 falls within a range of 902[err] and that the planar area of the

t hrough-holes is nore than (filmthickness x 5/4)2. Such a structure is

effective for the subsequent
exerted in the film thickness direction and, thus,

- reliability of electrical connection can be improved.

The anisotropic conductive film according to the
present invention can be produced, for exampie, by a process
comprisings:

(1) a step in which fine through-holes are

provided ih only an insulating film of a laminated

film comprising an insulating film and a conductive
layer (laminated either directly or via an
adhesive layer), or a conductive layer is laminated
on an insulating film previously having fine
through-holes therein (the conductive layer shoulq
be laminated so that the fine pores may pierce the
insulating film or be removed after laminating);

(2) a step in which the conduétive layer

positioned at the bottom of the through—holes is

etched to form a rivet-like dent;

(3) a step in which a metallic substance is

filled in the fine through-holes and the rivet—iike

dent, and further deposited to form bump-like
projections by plating (e.g., electroplating or
 electroless plating); and .

(4) a step in which the conductive layer

laminated on the insulating film is removed by

chemical etching or electrolytic corrosion.

REPLACEMENT SHEET
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-5 step of netal filling taking wettability of the hole wall by a plating
.solution into consideration. Metallic projection(s) 4 fornmed on the
openi ng(s) of through-hole 2 should have a | arger bottom area than

8

The formation of the bump-llke metallic projections
in step (3) above may be conducted after step (4).

In the case where the bump-like projections are
formed on one side of the insulating film, the projections
are preferably formed on the side where the diameter of the
through-hole is smaller than that of the opposite side as
shown in Fig. 3. Therefore, in the above step (1), the
conductive layer is preferably provided on the side having a
smaller through-hole diameter and a rivet-like dent is formed
on the conductive layer.

In the formatioh of the bump-like metallic
projections, it is preferred'that the metallic substance is
formed as microcrystalline. Where electroplating is
performed at a high electrical current demnsity, arborescent
crystals are formed in some cases, failing to form bumps.
Smooth and uniform projections can be formed by controlling a
deposition rate of metallic crfstals or controlling the kind
of a platlng solution or the temperature of a plating bath.

In order to form bump-like metallic pro;ectlons
having a larger bottom area than the opening area of through-
holes, it is necessary to allow a metallic deposit to grow
not only over the level of the opening, i.e., the surface of
the insulating f£ilm but to the transverse direction from the
opening to make a rivet form. The height of the projections

can be selected arbitrarily according to the pitch of the
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t he *pl anar area of t hrough-hole 2, preferably a bottomarea at least 1. 1
times the planar area of through-hole 2, whereby the conducting-path forned
in through-hole 2 never falls off while exhibiting sufficient strength
agai nst a shearing force exerted in the fi¢mthickness direction and, thus,
reliability of electrical connection can be |nproved The process for
produci ng the ani sotropi c conduc-

holes or the end use, and is generally 5 im or more,

p:eferably from 5 to 100 pm.

.In cases where a conductive layér on the bottom
side of the through-holes is removed and a rivet-like bump is
formed there, the bottom area of the bump is preferably at
least 1.1 times that of the through-hole. If the bottom area
of the bump is smaller than 1.1 times that of the though-
hole, the projectioh formed is less effective as a rivet-like

- bump, and desired effects cannot bé'obtained in some cases.

The presént invention is now illustrated in greater
detail by way of the following Example, but it should be
understood that the present invention is not deemed to be
limited thereto.

EXAMPLE

A polyimide precursor solution was coated ‘on a
copper foil to a dry film thickness of 1 mil and cured to
prepare a two-layer fiim composed of a copper foil and a
- polyimide £ilm.

A XKrF an exima laser beam having an oscillation
wavelength of 248 nm was irradiated on the polyimide film
~through a mask for dry etching to form fine through-holes
having a diameter of 60 um at a piich of 200 pm per mm in an
area of 8 cm?.

A resist was coated on the copper foil and cured

for insulation. The film having a resist layer was immersed

in a chemical polishing solution at 50°C for 2 minutes,
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tive-filmaccording to the present inVention conprises: (1) a step in which
fine through-holes are provided inonly an insulating filmof a |am nated
filmcom prising said insulating filmand a conductive |ayer, or a
conductive layer is |aninated on an insulati%g film having fine
t hrough-hol es therein: (2) a step in which said conductive | ayer positioned
at the bottom of said through-holes is etched to form
followed by washing with water. The cépper foil was
connectedlto an electrode and soaked in a gold cyanide
plating béth at 60°C, and a gold deposit was allowed to grow
in the through-holes with the copper foil as a negative
electrode. Electroplating was ceased when the gold deposit
slightly projected from the polyimide film surface
(projection height: 5 um).
| Finally, the resist layer was peeled off, and the
copper foil was removed by dissolving with cupric chloride to
obtain an anisotropic conductive film according to the
present invention.

In the anisotropic conductive film of the present
invention, the mefallic substance filled as a conducting path
is sufficiently adhered to the insulating f£ilm and undergoes
.no fall off. Thus, the fine through-holes sufficiently
exhibit conductivity as'essentially required as conducting
paths to afford high reliability of electrical connection.

While the invention has been described in detail
and with reference to specific examples thereof, it'will be
apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the

spirit and scope thereof.
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a dent so that the through-hole and dent together have the formof a rivet;
. (3) a step in which a netallic substance is filled in said fine

t hr ough- hol es and said dent, and further depOSi~§Q_LQ_LDLanunp~Ler
projections by plating: and (4) a step i mhlch sai d conductiv

| am nated on said insulating fi I mis rermved by - c‘m‘“‘ m“l““ m |“
S

WHAT IS CLAIMED IS:

1. An anisotropic-conductive film comprising an
insulating film having fine through-holes independently
piercing the film in the thickness direction of said
insulating £ilm, each of the through—hﬁles being filled with
a metallic substance in such a manner that at least one end
of each through-hole has a bump-like projection of said
metallic substance having a bottom area larger than the
opening of said through-hole. |

2. An anisotropic conductive film as claimed in
claim 1, wherein the through-holes forms an angle of 90120°
with the surface of said insulating film and the planar area
of the through-holes is more than (film thickness x 5/4)Z.

3. 'An anisotropic conductive fiim as claimed in
claim 1, wherein said metallic_projection has a bottom area
at least 1.1 times the pianar area of through-hole.

4. A process for producing an anisotropic
conductive f£ilm, which ﬁomprises:

(1) a step in which fine through-holes are
provided in only an insulating film of a laminated film
comprising said insulating film and a conductive layer, or a
conductive layer is laminated on an insulating film
previously having fine through-holes therein;

(2) 2 step in which said conductive layerx
positioned at the bottom of said through-holes is etched to

form a rivet-like dent;
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ing or electrolytic corrosion. The formation of the bufrp—t+t+ke et

dl 1 .

. projections in step (3) above nmay be conducted after: case
where the bunp-like projections are fornmed on one sid ‘!ﬁ“ﬂl‘%‘“ﬂ IEﬂll
film the projections are preferably fornmeg on the SI sdlaneter

of the through-hole is smaller than that of the opposite side as. shown in

Fig. 3. Therefore, in the above step (1), the

(3) a step in which a metallic substance is
filled in said fine through-holes and said rivet-like dent,
and  further deposited to form bump-like projections by
plating; and |

(4) a step in which said conductive layer
laminated on said insulating film is removed by chemical
etching or electrolytic corrosion.

5. A process for producing an anisotropic
conductive £ilm, ﬁhich comprises:

(1) a step in which fine through-holes are
provided in only an insulating film of a laminated film
comprising said insulating f£ilm and a conductive layer, or a
conductive iayer is laminated on an insulating film
previously having fine through-holes therein; -

(2) a step in which said conductive layer
positioned at the bottom of said through-holes is etched to
form a xrivet-like dent;

(3) a step in which a metallic substance is
filled in said fine through-holes and said rivet-like dent by
plating;

(4) a step in which said conductive layer
laminated on said insulating film is removed by chemical
etching or electrolytic corrosion; and

(5) a step in which said metallic substance is

further deposited to form bunp-like projebtions by plating.
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conductive |layer is preferably prOV|ded on the si de hav- -6- ing a
.smal |l er through-hole dianeter and-a dent “i's formed on the conductive |ayer,
so that the through-hole and dent have the formof a rivet.

13

ABSTRACT QF THE DISCLOSURE:

ANISOTROPIC CONDUCTIVE FILM
AND PROCESS FOR PRODUCING SAME

An anisotropic conductive film is disclosed,
comprising an insulating film having fine through-holes
independently piercing the film in the thickness direction,
each of the through-holes being filled with a metallic
substance in such a manner that at leaét one end of each
through-hole has a bump-like projection of said metallic
substance having a bottom area larger than the opening of the
through-hole The metallic substance se;VLng as a conductlng
path is prevented from falling off, and sufficient

conductivity can be thus assured.

FIGURE 1

REPLACEMENT gf.

24 SEP 1996

* This Sheet Has B

N[



In-the formati on of the bunp-1iKke rretalllc pr oj ec- tions, it is preferred
-that the metallic substance is fopned as? nlcrocrystalllne Wher'e
electroplating is perfornmed at a high electrical current density.
arborescent crystals are formed in some cases. failing to form bunps.
Srmoot h and uni form projections can be -formed by con- trolling a déeposition

rate of nmetallic crystals or control- ling the kind of a plating solution
or the tenperature of 1
Fig. 1

Ny 3
Fig. 2

(prior art)

, .

X, 8
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a pldating bath. In order to formbunp-like netallic projections hav- ing a
| arger bottom area than the opening area of through-holes.- it is necessary
to allow a netallic deposit to grow not only over the |evel of the opening.
i.e.. the surface of the insulating filmbut to the transverse direc- tion
fromthe opening to nmake a rivet form The height of the projections can be

selected arbitrarily according 5

Fig. 3

N N x
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Description

FIELD OF THE INVENTION -

The present invention relates o a process for pro-
ducing an anisotropic conductive film having high relia-
bility in electrical connection.

BACKGROUND OF THE INVENTION

EP-A1-0 213 774 discloses a low tortuosity porous
polymer sneets with metal plated in the pores so as to
project beyond sheet surfaces provide uniaxial electrical
interconnects. A first flash layer of metal is electrolessly
plated in the pores and the flash coating of metal is then
removed from the sheet surface to isolate the pores
electrically from one another. Further plating is then ap-
plied only to the already plated pore surfaces to fill the
pores and/or project beyond the sheet surface. Solder
may fill the plated pores. Polymer layers may be re-
moved from the sheets to expose the metal in the pores.
The articles are useful in making electrical connections
to the contact pads of micro-circuits during testing and
assembly into electronic devices.

In the field of semi-conductors, with the recent de-
velopment of electronic equipment having muitiple func-
tions, a reduced size and a reduced weight, a circuit has
become denser, and a fine circuit pattern having many
pins at a narrow pitch has been used. In order to cope
with the demand for fineness of a circuit pattern. it has
been attempted to connect a plurality of conducting pat-
terns formed on a substrate and a conducting pattern or
an IC or an LSl via an anisotropic conductive film ther-
ebetween.

For example, JP-A- 55-161306 (the term *JP-A" as.
used herein means an unexamined published Japanese
patent application") discloses an anisotropic conductive
sheel comprising an insulating porous sheet in which

the fine through-holes of a selected area are metal-piat- —
ed. On connecting an IC, etc., since the sheet has no REPLACEMENT SHEET
metallic projections on its surface. itis necessary toform
a projected electrode (bump) on the IC on the connect-
ing pad side. making the connection step complicated.
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. fective as a rivet-like bunp, and desired effects cannot be obtained in
sone cases. The present invention is nowillustrated in greater detail by
way of the follow ng Exanple, but it should be understood that the present
invention is not deened to be limted thereto. Convarative EXAMPLE A

pol yi m de precursor solution was coated on a

-2 -

In an attempt to facilitate connection. as shown in
Fig. 2. it has been proposed to fill a metallic substance
3 in fine through-holes 2 of an insulating sheet 1 formed
in the thickness direction in such a manner that the re-
sulting anisotropic conductive film has metallic bumps
4 projected from the film surface. as disciosed in JP-A-
62-43008. JP-A-83-40213. and JP-A-63-94504. How-
ever. adhesion between filled metallic substance 3 and -
insulating film 1 is not so sufficient that the metzilic sub-
stance is apt to fall off. It follows that the fine through-
holes. which is ought to exhibit conductivity. fails to ex-
hibit conductivity and lacks reliability in electrical con-
nection. '

SUMMARY OF THE INVENTION .

An object of the present invention is to provide a
process for producing an anisotropic conductive film
which surely exhibits anisotropic conductivity to assure
high reliability in electrical connection.

Other objects and effects of the present invention
will be apparent from the following description.

The above identified objects of the present inven-
tion are achieved by the subject matter of claims 1and 2.

As a result of extensive investigations, the inventors
have found that the above object of the present inven-
tion is accomplished by a process for producing an an-
isotropic conductive film comprising an insulating film
having fine through-holes independently piercing the
film in the thickness direction of the insulating film. each
of the through-holes being filled with a metallic sub-
stance in such a manner that at least one end of each

. through-hole has a bump-like projection of the metallic
substance having a bottom area larger than the opening

of the through-hole. | REPLACEMENT SHEET

BRIEF DESCRIPTION OF THE INVENTION | | 22 DEC 1997

Fig. 1 illustrates a cross section of the anisotropic

conductive film produced according to one embodiment-
of the process of the present invention.

_Fig. 2 illustrates a cross section of a conventional _
anisotropic conductive film having bumps.

Fig. 3 illustrates a cross section of another embod-
iment of the present invention.



copper foil

to a dry filmthickness of 1 m| and cured to prepare a
two-1ayer filmconposed of a copper foil and a polyimde film A KrF an
exi ma | aser beam having an oscillation. -7-

_3...

DETAILED DESCRIPTION OF THE INVENTION

The present invention is now explained by refernng
to the accompanying drawings.

Fig. 1 shows a cross section of the anisotropic con-
ductive film produced according to one embodiment of
the present invention. In Fig. 1, insulating film 1 has fine
through-holes 2 which pierce the film in the thickness
direction. A conducting path filled with metallic sub-
stance 3 reaches both the obverse and the reverse of
the film. On each end of each through-hole 2 there is
provided a metallic bump-like projection 4 having a larg-

- erbottom area than the opening area of through-hole 2.

The metallic substance obstructs through-hole 2 in the
form of a double-headed rivet.

The diameter of the through-hole is generally from
1510 100 um, and preferably from 20 to SO um. The pitch
of the through-holes is generally from 15 to 200 um. and

" preferably from 40 to 100 um. .

Insulating film 1 which can be used in the present
invention is not particularly limited in material as long as
it possesses electrically insulating characteristics. The
material of the insulating film can be selected according
to the.end use from a wide variety of resins. either ther-
mosetting or thermoplastic. including polyester resins,
epoxy resins. urethane resins. polystyrene resins. pal-
yethylene resins, polyamide resins, polyimide resins,
ABS resins. polycarbonate resins. and silicone resins.
For example, elastomers, such as a silicone rubber, a
urethane rubber, and a fluorine rubber. are preferably
used in cases where flexibility is required: and heat-re-
sistant resins. such as polyimide, polyether sulfone, and
polyphenylene sulfide, are preferably used in cases
where heat resistance is required.

The thickness of insulating film 1 is arbitrarily se-
lected. From the viewpoint of precision and variability of
film thickness and through-hole diameter, the film thick-
ness is generally from 5 to 200 um, and preferably from,
10 to 100 um.

Metallic substance 3 which is filled in the fin
through-hole to form a conducting path and which form¢
bump-like projections 4 includes various metals, e.g.
gold, silver, copper, tin, lead, nicksl, cobalt, and indium,

REPLACEMENT SHEry




wavel ength of 248 nmwas irradiated on the polyimde filmthrough a mask
*for dry etching to formfine through- holes having a dianeter of 60 [err]m
at a pitch of 200 [err]mper mmin an area of 8 cn2. A resist was coated on
the copper (oil and cured for insulation. The filmhaving a resist |ayer
was imMmersed in a chem cal polishing solution at 50[err]C for 2 m nutes,
foll owed by washing with water. The Copper, foil was con-

and various alloys of these metals. The metallic sub-
stance preferably does not have high purity, but prefer-
ably contains a slight amount of known organic and in-
organic impurities. Alloys are preferably used astheme- 3
tallic substance. P

The conducting path can be formed by various tech- |
niques. such as sputtering. vacuum evaporation, andS;
plating. In the case of plating, for example, the bump-*
like projection having a bottom area larger than the
opening of the through-hole can be produced by pro-
longing the plating time.

Fine through-holes 2 can be formed in insulating
film 1 by mechanical processes. such as punching, dry
etching using a laser or plasma beam, etc.. and chem-
ical wet etching using chemicals or solvents. Etching
can be carried out by, for example. an indirect etching
process in which a mask of 2 desired shape. e.g., a cir-
cle. a square. a rhombus, etc., is placed on insulating
film 1 in intimate contact and the film is treated via the
mask: a dry etching process in which a condensed laser
beam is irradiated on insulating film 1 in spots or a laser
beamis irradiated on insulating film through a mask, and
a direct etching process in which a pattern of fine .
through-holes is previously printed on insufating film 1
by using a photosensitive resist and the film is then sub-

. jected to wet etching. In order to make a finely patterned .
circuit. the dry etching process and the wet etching proc-
ess are preferred. In particular, a dry etching process
utilizing aggression by an ultraviolet laser beam. such
as an exima laser beam. is preferred for obtaining a high
aspect ratio. |

If the through-holes are formed by using a laser
beam, the diameter of the through-hole on the side on
which the laser beam is incident become larger than the
diameter on the opposite side. as shown in Fig. 3. It is
preferred that the through-holes are formed in such a,
manner that the angle « formed by the through-holes
with the surface of the insulating film as shown in Fig. 1
and 3 falls within a range of 90£20° and that the planar
area of the through-holes is more than (film thickness x
5/4)2. Such a structure is effective for the subsequent




nected to an el ectrode and soaked in a gold cyanide plating bath at
50[err]C. and a gold deposit was allowed to grow in the through-holes with
the copper foil as a neg-. ative electrode. Electroplating was ceased when
the gol d deposit slightly projected fromthe polyimde filmsurface
(projection height: 5 [err]m). Finally. the resist |ayer was peeled off,
and the cop- per foil was renoved by dissolving with cupric chloride

-5 -

step of metal filling taking wettability of the hole wall by
a plating solution into consideration.

Metallic projection(s) 4 formed on the opening(s) of
through-hole 2 should have a larger bottom area than
the planar area of through-hole 2, preferably a bottom
area at least 1.1 times the planar area of through-hole
2, whereby the conducting path formed in through-hole
2 never lalls off while exhibiting sufficient strength
against a shearing force exerted in the film thickness
direction and, thus, reliability of electrical connection
can be improved.

The process for producing the anisotropic conduc-
tive film according to the present invention comprises :

(1) a step in which fine through-holes are provided
in only an insulating film of a laminated film com-
prising said insulating film and a conductive layer,
or a conductive layer is laminated on an insulating
film having fine through-holes therein:

(2) a step in which said conductive layer positioned
at the bottom of said through-holes is etched to form
a dent so that the through-hole and dent together °
have the form of a rivet; '

(3) a step in which a metallic substance is filled in
said fine through-holes and said dent, and further
deposited to form bump-like projections by plating:
and :

(4) a step in which said conductive layer laminated
on said insulating film is removed by chemical etch-
ing or electrolytic corrosion.

The formation of the bump-like metallic projections
in step (3) above may be conducted after step (4).

In the case where the bump-like projections are
formed on one side of the insulating film, the projections
are preferably formed on the side where the diameter of
the through-hole is smaller than that of the opposite side [ REPLACEMENT SHEET
as shown in Fig. 3. Therefore, in the above step (1), the ;“
conductive layer is preferably provided on the side hav- 22 DEC 997




to obtain an ani sotropic conductive filmaccording to the present

“invention.

In the anisotropic conductive filmof the present

i n- venti on.

the netallic substance filled as a conducting path i.s sufficiently adhered
to the insulating.filmand un- dergoes no fall off. Thus. the fine

t hrough-hol es suffi- ciently exhibit conductivity as essentially required
as conductlng paths to afford high reliability of electrical

-6 -

inga smaller th'rough-hole diérhet_er andadentis formed
on the conductive layer, so that the through-hole and
dent have the form of a rivet.

In the formation of the bump-like metallic projec-.

tions, it is preferred that the metallic substance is formed .

as microcrystalline. Where electroplating is performed

at a high electrical current density. arborescent crystals -

are formed in some cases. failing to form bumps.
Smooth and uniform projections can be formed by con-

trolling a deposition rate of metallic crystals or control-

ling the kind of a plating solutlon or the temperature of
a plating bath.

In order to form bump-like metallic projections hav-
ing a larger bottom area than the opening area of
through-holes. it is necessary to allow a metallic deposit
to grow not only over the level of the opening. i.e.. the
surface of the insulating film but te the transverse direc-
tion from the opening to make a rivet form. The height
of the projections can be selected arbitrarily according

 to the pitch of the holes or the end use, and is generally

S um or more, preferably from 5 to 100 um.

In cases where a conductive layer on the bottom
side of the through-holes is removed and a rivet-like
bump is formed there. the bottom area of the bump is

- preferably at least 1.1 times that of the through-hole. If

the bottom area of the bump is smaller than 1.1 times
that of the though-hols, the projection formed is less ef-

fective as a rivet-like bump, and des:red eftects cannot

be obtained in some cases.

The present invention is now illustrated in greater
detail by way of the following Example, but it should be
understood that the present invention is not deemed to
be limited thereto.

Comparative EXAMPLE

A polyimide precursor solution was coated on a

REPLACEMENT SHEET
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copper foil to a dry film thickness of 1 mil and cured to
prepare a two-layer film composed of a copper foil and
a polyimide film.

A KrF an exima laser beam having an oscillation .




connecti on.

VWhile the invention has been described in det ail

and with

reference to specific exanples thereof. it will be ap- parent to one
skilled in the art that various changes and nodifications can be nade

therein without departing fromthe.scope thereof.

-7 -

wavelength of 248 nm was irradiated on the polyimide
film through a mask for dry etching to form fine through-
holes having a diameter of 60 um at a pitch of 200 um
per mm in an area of 8 cm2.

A resist was coated on the copper foil and cured for

insulation. The film having a resist layer was immersed -

in a chemical polishing solution at 50°C for 2 minutes.

followed by washing with water. The copper foil was con-

nected to an electrode and soaked in a gold cyanide

plating bath at 60°C. and a gold deposit was allowed to

grow in the through-holes with the copper foil as a neg-

ative electrode. Electroplating was ceased when the

goid deposit slightly projected from the poly;mlde film
surface (projection height: 5 um).

Finally, the resist layer was peeled off, and the cop-
per foil was removed by dissolving with cupric chloride
to obtain an anisotropic conductive film accordmg tothe
present invention.

In the anisotropic conductive film of the present in-

vention. the metallic substance filled as a conducting '

path is sufficiently adhered to the insulating film and un-
dergoes no fall off. Thus. the fine through-holes suffi-

‘ciently exhibit conductivity as essentially required as

conducting paths to afford h:gh rehabmty of electrical

‘connection.

While the invention has been described in detail and
with reference to specific examples thereot. it will be ap-
parent to one skilled in the art that various changes and
modifications can be made therein without departing
from the scope thereof.

Claims

1. A process for producing an anisotropic conductive
film, comprising the following steps sequentially:

(1) a step in which fine through-holes are pro-

vided in only an insulating film (1) of a laminated
film comprising said insulating film and a con-
. ductive layer, or a conductive layer is laminated
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- 8- dai ms 1. A process for producing an anisotropic conductive film
conprising the follow ng steps sequentially: (1) a step in which fine

t hrough-hol es are pro- vided in only an insulating fll_nlg_ll__oj_a_J_a_m_nact-ed

T

-7 -

wavelength of 248 nm was irradiated on the polyimide
film through a mask for dry etching to form fine through-
holes having a diameter of 60 um at & pitch of 200 um
per mm in an area of 8 em2,

A resist was coated on the copper foil and cured for
insulation. The film having a resist layer was immersed
_in a chemical polishing solution at 50°C for 2 minutes.
followed by washing with water. The copper foil was con-
nected to an electrode and soaked in a gold cyanide
plating bath at 60°C. and a gold deposit was allowed to
grow in the through-holes with the copper foil as a neg-
ative electrode. Electropiating was ceased when the
gold deposit slightly projected from the polyimide film

surface (projection height: 5 um).

Finally, the resist layer was peeled off, and the cop-
per foil was removed by dissolving with cupric chloride
to obtain an anisotropic conductive film according to the
present invention. =

In the anisotropic conductive film of the present in-
vention. the metallic substance filled as a conducting
path is sufficiently adhered to the insulating film and un-
dergoes no fall off. Thus. the fine through-holes suffi-
ciently exhibit conductivity as essentially required as
conducting paths o afford high reliability of electrical
connection.

While the invention has been described in detail and
with reference to specific exampies thereof. it will be ap-
parent to one skilled in the art that various changes and
modifications can be made therein without departing
from the scope thereof.

Claims

1. A process for producing an anisotropic conductive
film, comprising the following steps sequentially:

(1) a step in which fine through-holes are pro-
- vided in only an insulating film (1) of a laminated
film comprising said insulating film and a con-
ductive layer, or a conductive layer is laminated

-—
This Sheet Has Been

N Ty



ducti ve | ayer, or a conductive layer is |am nated on an insul at | ng film (1)
faving fine through- holes (2) therein: (2) a step “m mnn“lﬂlﬂuﬂmductlve
| ayer posi- tioned at the bottom of said through-hol _
forma dent so that the through-hole and dent toget hér havle the®fofmof a -
rivet: (3) a step in which a rretalllc substance (3) is
-8 -
on & insulating film (1) having fiig through-
_holes (2) therein: h

(2) a step in which said conductive layer posi- i
tioned at the bottom of said through-holes (2) '
is etched to form a dent so that the through-hole
and dent together have the form of a rivet:

(3) a step in which a metallic substance (3) is

filled in said fine through-holes (2) and said

dent, and further deposited to form bump-like
' projections (4) by plating: and

(4) a step in which said conductive layer lami-
nated on said insulating film is removed by
- chemical etching or electrolytic corrosion.

2. A process for producing an anisotropic conductive
film, comprising the following steps sequentially:

(1) a step in which fine through-holes (2) are
provided in only an insulating film of a laminat-
ed film comprising said insulating film (1) and a
conductive layer, or a conductive layer is lami-
nated on an insulating film having fine through-
holes (2) therein: '

(2) a step in which said conductive layer posi-
tioned at the bottom of said through-holes (2)
is etched to form a dent so that the through-hole
and dent together have the form of a rivet:

(3) a step in which a metallic substance is filled.
in said fine through-holes (2) and said dent by

plating: .
' REPLACEMENT SHEET

(4) a step in which said conductive layer lami- .
nated on said insulating film (1) is removed by 22 DEC 997
chemical etching or electrolytic corrosion: and

(5) a step in which said metallic substance is
further deposited to form bump-like projections

(4) by plating.
This Sheet Has Been Re

HIIIIII T




filded in said fine through-holes (2) and said dent, and further deposited
to form bunp-like projections (4) by, plating: and (4) a step in which said
conductive layer lam - nated on said insulating filmis renoved by chenica
etching or electrolytic corrosion. 2. A process for producing an

ani sotropi c conductive film conprising the follow ng steps sequentially:

-1 -

Fig. 1

4

o

Fig. 2
{prior art)

4

Ly 3
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(4) a step in which fine through-holes (2) are provided in only an
insulating filmof a lamnat- ed fil.mcomprising said insulating film (1)
and a conductive layer, or a conductive layer is lam- nated on an
insulating filmhaving fine through- holes (2) therein: (2) a step in which
sai d conductive | ayer posi- tioned at the bottom of said through-holes (2)

- 2 -
Fig, .3
N
\. \\
. AN
~. L.
Nt ~ N
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|s etphed to‘forma dent so that the through hol e and dent toget he?””fave

%Iﬁe formof a rivet:

-9 -

filled in said fine through-hol es (2) and said dent by

-7 -

wavelangth of 248 nm was irradiated on the polyimide
film through a mask for dry etching to form fine through-
holes having a diameter of 60 um at a pitch of 200 um
permmin anarea of S cm2.

A resist was coated on the copper {oil and cured for

insulation. The film having a resist layer was immersed -

in-a chemical polishing solution at S0°C for 2 minutes,
followed by washing with water. The copper foil was con-
nected to an electrode and soaked in a gold cyanide
plating bath at 80°C. and a gold deposit was allowed to
grow in the through-holes with the copper foil as a neg-
ative electrode. Electroplating was ceased when the
goid deposit slightly projected from the polyimide film
surface (projection height: § um).

Finally, the resist layer was peeled off, and the cop-
per foil was removed by dissolving with cupric chloride
o obtain an anisotropic conducnve film according to the
present invention. -

[n the anisotrapic conductive film of the presant in-

vention. the metallic substance filled as a conducting

path is sufficiently adhered to the insulating film and un-
dergoes no fall off. Thus. the fine through-holes suffi-
ciently exhibit conductivity as essentially required as
conducting paths to afford high reliability of electrical
connection.

While the invention has been described in detail and
with reference to specific examples thereof. it will be ap-
parent to one skilled in the art that various changes and
modifications can be made therein without departing
from the scope thereof.
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(3) a.step.in which a netallic substance is

Clalm(s) paﬁed g to Lagad 1.
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plating: (4) a steb i n which said conductive |ayer lani- nated on said
Pnéul ating film (1) is renoved by chem.cal. etching or electrolytic
corrosion: and (5) a step in which said netalllic substance is further

deposited to form bunp-Iike projections (4) by plating.

T

Claims

1. A process for producing an anisotropic conductive
film, comprising the following steps sequentiaily:

(1) a step in which fine through-holes are pro-
vided in only an insulating film (1) of a laminated
film comprising said insulating film and a con-
ductive layer, or a conductive layer is laminated
on an insulating film (1) having fine through-
holes (2) therein: |

(2) a step in which said conductive laysr posi-
tioned at the bottom of said through-holes (2)
is etched to form a dent sO that the through-hole
and dent together have the form of a rivet:

(3) a step in which a metallic substance {3) is
filled in said fine through-holes (2) and said
dent, and further deposited to form bump-like
projections (4) by plating: and '

(4) a step in which said conductive layer lami-
nated on said insulating film is removed by
chemical etching or electrolytic corrosion.

2. A process for producing an anisotropic conductive
film, comprising the following steps sequentially:

(1) a step in which fine through-holes (2) are
provided in only an insulating film of a laminat-
ed film comprising said insulating fiim (1) and a
conductive layer, or a conductive layer is lami-
nated on an insulating film having fine through-
holes (2) therein:

(2) a step in which said conductive layer posi-
tioned at the bottom of said through-holes (2)
is etched to form a dent so that the through-hole
and dent together have the form of a rivet:
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ind,

1)

T

.(3) "a".step in which a metallic substance is filled
in said fine through-holes (2) and said dent by
plating:

(4) a step in which said conductive layer lami-
nated. on said insulating film (1) is removed by
chemical etching or electrolytic corrasion: and

(S) a step in which said metallic substance is
further deposited to form bump-like projections
(4) by plating.
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ABSTRACT OF THE DISCLOSURE
Process For Producing An Anisotropic Conductive Film

An anisotropic conductive £ilm is disclosed,
comprising an insulating film having fine through-holes
independently piercing the film in the thickness direction,
each of the through-holes being filled with a metallic
substance in such a manner that at least one end of each
through-hole has a bump-like projection of said metallic
substance having a bottom area larger than the opening of the
through~hole. The metallicisubstance serving as a conducting
path is prevented from falling off, and sufficient '

conductivity can be thus assured.

FIGURE 1




